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57 ABSTRACT

A liquid immersion member is used in a liquid immersion
exposure apparatus which exposes a substrate by exposure
light via a first liquid between an emitting surface of an
optical member and the substrate, and is capable of forming
a liquid immersion space on an object movable below the
optical member. The liquid immersion member includes a
first member that is disposed at at least a portion of sur-
rounding of the optical member; a second member that is
capable of being opposite to the object and is movable
outside an optical path of the exposure light; and a protection
part that protects the optical member. The protection part
decreases a change in pressure which the optical member

Dec. 26, 2013. receives from the liquid in the liquid immersion space.
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LIQUID IMMERSION MEMBER, EXPOSURE
APPARATUS, EXPOSING METHOD,
METHOD OF MANUFACTURING DEVICE,
PROGRAM, AND RECORDING MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a divisional of U.S. application
Ser. No. 15/786,042 filed Oct. 17, 2017 which is a divisional
of U.S. application Ser. No. 14/743,265 filed Jun. 18, 2015,
and claims priority based on U.S. Patent Provisional Appli-
cation No. 61/746,470, filed Dec. 27, 2012. The parent
application is a continuation application of International
Application PCT/JP2013/084800, filed on Dec. 26, 2013.
The contents of the above applications are incorporated
herein by reference.

BACKGROUND

Technical Field

[0002] The present invention relates to a liquid immersion
member, an exposure apparatus, an exposing method, a
method of manufacturing a device, a program, and a record-
ing medium.

[0003] For example, in an exposure apparatus which is
used in a photolithography process, as disclosed in U.S. Pat.
No. 7,864,292, a liquid immersion exposure apparatus is
known, which exposes a substrate by exposure light via
liquid between an emitting surface of an optical member and
the substrate.

SUMMARY

[0004] For example, in a liquid immersion exposure appa-
ratus, if an optical member which emits an exposure light is
changed or bubbles (a part of gas) occur in the liquid,
exposure failure may occur. As a result, a defective device
may be manufactured.

[0005] An object of an aspect of the present invention is to
provide a liquid immersion member, an exposure apparatus,
and an exposing method capable of reducing occurrences of
exposure failure. Moreover, an object of another aspect of
the present invention is to provide a method of manufactur-
ing a device, a program, and a recording medium capable of
reducing occurrences of defective devices.

[0006] According to a first aspect of the present invention,
there is provided a liquid immersion member that is used in
a liquid immersion exposure apparatus which exposes a
substrate to exposure light via a first liquid between an
emitting surface of an optical member and the substrate, and
is capable of forming a liquid immersion space in an object
movable below the optical member, the liquid immersion
member including: a first member that is disposed at at least
a portion of surrounding of the optical member; a second
member that is capable of being opposite to the object, and
is movable outside an optical path of the exposure light; and
a protection part that is configured to protect the optical
member, in which the protection part decreases a change in
pressure which the optical member receives from the liquid
in the liquid immersion space.

[0007] According to a second aspect of the present inven-
tion, there is provided a liquid immersion member that is
used in a liquid immersion exposure apparatus which
exposes a substrate by exposure light via a first liquid
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between an emitting surface of an optical member and the
substrate, and is capable of forming a liquid immersion
space on an object movable below the optical member, the
liquid immersion member including: a first member that is
disposed at at least a portion of surrounding of the optical
member; and a second member that is capable of being
opposite to the object, and is movable outside an optical path
of the exposure light, in which the first member includes a
wall part which is disposed between the optical member and
the second member, the second member includes a second
upper surface and a second lower surface which is capable
of being opposite to a surface of the object, and a lowermost
part of the wall part is disposed at a same height as the
second upper surface or is disposed below the second upper
surface.

[0008] According to a third aspect of the present inven-
tion, there is provided a liquid immersion member that is
used in a liquid immersion exposure apparatus which
exposes a substrate by exposure light via a first liquid
between an emitting surface of an optical member and the
substrate, and is capable of forming a liquid immersion
space on an object movable below the optical member, the
liquid immersion member including: a first member that is
disposed at at least a portion of surrounding of the optical
member; and a second member that is capable of being
opposite to the object, and is movable outside an optical path
of the exposure light, in which the first member includes a
wall part which is disposed between the optical member and
the second member, the second member includes a second
upper surface and a second lower surface which is capable
of being opposite to a surface of the object, and a lowermost
part of the wall part is disposed at a same height as the
second lower surface or is disposed below the second lower
surface.

[0009] According to a fourth aspect of the present inven-
tion, there is provided a liquid immersion member that is
used in a liquid immersion exposure apparatus which
exposes a substrate by exposure light via a liquid between an
emitting surface of an optical member and the substrate, and
is capable of forming a liquid immersion space on an object
movable below the optical member, the liquid immersion
member including: a first member that is disposed at at least
aportion of surrounding of the optical member; and a second
member that is capable of being opposite to the object, and
is movable outside an optical path of the exposure light, in
which the first member includes a wall part which is
disposed between the optical member and the second mem-
ber, the second member includes a second upper surface and
a second lower surface which is capable of being opposite to
a surface of the object, a lowermost part of the wall part is
disposed above the second upper surface of the second
member, a gap is formed between the first member and the
second upper surface outside the lowermost part with
respect to the optical path, and a distance between the
lowermost part and the second upper surface is smaller than
a size of the gap in a direction parallel to the optical axis of
the optical member.

[0010] According to a fifth aspect of the present invention,
there is provided a liquid immersion member that is used in
a liquid immersion exposure apparatus which exposes a
substrate by exposure light via a liquid between an emitting
surface of an optical member and the substrate, and is
capable of forming a liquid immersion space on an object
movable below the optical member, the liquid immersion
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member including: a first member that is disposed at at least
a portion of surrounding of the optical path of the exposure
light; and a second member which is capable of being
opposite to the object, and is movable outside the optical
path, in which the first member includes a wall part which
is disposed between the optical member and the second
member, the wall part includes a first part which is nearest
to the optical path, the second member includes a second
part which is nearest to the optical path, and the second part
is continuously disposed outside the first part with respect to
the optical path in a movement period of the second member.
[0011] According to a sixth aspect of the present inven-
tion, there is provided a liquid immersion member that is
used in a liquid immersion exposure apparatus which
exposes a substrate by exposure light via a first liquid
between an emitting surface of an optical member and the
substrate, and is capable of forming a liquid immersion
space on an object movable below the optical member, the
liquid immersion member including: a first member that is
disposed at at least a portion of surrounding of the optical
member; and a second member that is capable of being
opposite to the object, and is movable outside an optical path
of the exposure light, in which the first member includes a
first lower surface in which at least a portion is capable of
being opposite to the second member, and the first lower
surface includes a first region, and a second region, the
second region being disposed outside the first region with
respect to the optical path and is disposed above the first
region.

[0012] According to a seventh aspect of the present inven-
tion, there is provided a liquid immersion member that is
used in a liquid immersion exposure apparatus which
exposes a substrate by exposure light via a first liquid
between an emitting surface of an optical member and the
substrate, and is capable of forming a liquid immersion
space on an object movable below the optical member, the
liquid immersion member including: a first liquid supply
part that is configured to supply the first liquid; a first
member that is disposed at at least a portion of surrounding
of the optical member; a second member that is capable of
being opposite to the object, and is movable outside an
optical path of the exposure light; and a second liquid supply
part that is configured to supply a second liquid, in which the
second member is moved so that one of a first state and a
second state is changed to the other state, the first state being
a state in which the second member is opposite to the second
liquid supply part and the second state being a state in which
the second member is not opposite to the second supply part.
[0013] According to an eighth aspect of the present inven-
tion, there is provided an exposure apparatus which exposes
a substrate by exposure light via a liquid, including: the
liquid immersion member according to any one of the first
to seventh aspects.

[0014] According to a ninth aspect of the present inven-
tion, there is provided an exposure apparatus that exposes a
substrate by exposure light via a first liquid, including: an
optical member that includes an emitting surface from which
the exposure light is emitted; a liquid immersion member
that includes a first member and a second member and that
is configured to form a liquid immersion space on an object
movable below the optical member, the first member being
disposed at at least a portion of surrounding of the optical
member and the second member being capable of opposing
the object and being movable outside an optical path of the
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exposure light; and a protection member configured to
protect the optical member, in which the protection member
decreases a change in pressure in which the optical member
receives from the liquid in the liquid immersion space.
[0015] According to a tenth aspect of the present inven-
tion, there is provided a method of manufacturing a device,
including: exposing the substrate using the exposure appa-
ratus according to the eighth or the ninth aspect; and
developing the exposed substrate.

[0016] According to an eleventh aspect of the present
invention, there is provided an exposing method that
exposes a substrate by exposure light via a first liquid
between an emitting surface of an optical member and the
substrate, the exposure method including: forming a liquid
immersion space of a liquid on the substrate movable below
the optical member by using a liquid immersion member
that includes a first member which is disposed at at least a
portion of surrounding of the optical member, a second
member which is capable of being opposite to the object and
is movable outside an optical path of the exposure light, and
a protection part which protects the optical member; expos-
ing the substrate by the exposure light emitted from the
emitting surface via the liquid in the liquid immersion space;
moving the second member with respect to the first member
in at least a part of an exposure of the substrate; and
decreasing a change of a pressure, which the optical member
receives from the liquid in the liquid immersion space, by
use of the protection part.

[0017] According to a twelfth aspect of the present inven-
tion, there is provided an exposing method that exposes a
substrate by exposure light via a first liquid between an
emitting surface of an optical member and the substrate, the
exposure method including: forming a liquid immersion
space of a liquid on the substrate movable below the optical
member by using a liquid immersion member that includes
a first member which is disposed at at least a portion of
surrounding of the optical member and a second member
which is capable of being opposite to the object and is
movable outside an optical path of the exposure light, in
which the first member includes a wall part disposed
between the optical member and the second member, the
second member includes a second upper surface and a
second lower surface which is capable of being opposite to
a surface of the object, and a lowermost part of the wall part
is disposed at a same height as the second upper surface or
is disposed below the second upper surface; exposing the
substrate by the exposure light emitted from the emitting
surface via the liquid in the liquid immersion space; and
moving the second member with respect to the first member
in at least a part of an exposure of the substrate.

[0018] According to a thirteenth aspect of the present
invention, there is provided an exposing method that
exposes a substrate by exposure light via a first liquid
between an emitting surface of an optical member and the
substrate, the exposing method including: forming a liquid
immersion space of a liquid on the substrate movable below
the optical member by using a liquid immersion member
that includes a first member which is disposed at at least a
portion of surrounding of the optical member and a second
member which is capable of being opposite to the object and
is movable outside an optical path of the exposure light, in
which the first member includes a wall part disposed
between the optical member and the second member, the
second member includes a second upper surface and a
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second lower surface which is capable of being opposite to
a surface of the object, and a lowermost part of the wall part
is disposed at a same height as the second lower surface or
is disposed below the second lower surface; exposing the
substrate by the exposure light emitted from the emitting
surface via the liquid in the liquid immersion space; and
moving the second member with respect to the first member
in at least a part of an exposure of the substrate.

[0019] According to a fourteenth aspect of the present
invention, there is provided an exposing method that
exposes a substrate to exposure light via a first liquid
between an emitting surface of an optical member and the
substrate, the exposing method including: forming a liquid
immersion space of a liquid on the substrate movable below
the optical member by using a liquid immersion member
that includes a first member which is disposed at at least a
portion of surrounding of the optical member and a second
member which is capable of being opposite to the object and
is movable outside an optical path of the exposure light, in
which the first member includes a wall part disposed
between the optical member and the second member, the
second member includes a second upper surface and a
second lower surface which capable of being opposite to a
surface of the object, a lowermost part of the wall part is
disposed above the second upper surface of the second
member, a gap is formed between the first member and the
second upper surface outside the lowermost part with
respect to the optical path, and a distance between the
lowermost part and the second upper surface is smaller than
a size of the gap in a direction parallel to the optical axis of
the optical member; exposing the substrate by the exposure
light emitted from the emitting surface via the liquid in the
liquid immersion space; and moving the second member
with respect to the first member in at least a part of an
exposure of the substrate.

[0020] According to a fifteenth aspect of the present
invention, there is provided an exposing method that
exposes a substrate by exposure light via a first liquid
between an emitting surface of an optical member and the
substrate, including: forming a liquid immersion space of a
liquid on the substrate movable below the optical member
by using a liquid immersion member that includes a first
member which is disposed at at least a portion of surround-
ing of an optical path of the exposure light and a second
member which is capable of being opposite to the object and
is movable outside the optical path, in which the first
member includes a wall part disposed between the optical
member and the second member, the wall part includes a
first part nearest to the optical path, the second member
includes a second part nearest to the optical path, and the
second part is continuously disposed outside the first part
with respect to the optical path in a movement period of the
second member; exposing the substrate by the exposure light
emitted from the emitting surface via the liquid in the liquid
immersion space; and moving the second member with
respect to the first member in at least a part of an exposure
of the substrate.

[0021] According to a sixteenth aspect of the present
invention, there is provided an exposing method that
exposes a substrate by exposure light via a first liquid
between an emitting surface of an optical member and the
substrate, the exposing method including: forming a liquid
immersion space of a liquid on the substrate movable below
the optical member by using a liquid immersion member
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that includes a first member which is disposed at at least a
portion of surrounding of the optical member and a second
member which is capable of being opposite to the object and
is movable outside an optical path of the exposure light
emitted from the emitting surface, in which the first member
includes a first lower surface in which at least a portion is
capable of being opposite to the second member, and the first
lower surface includes a first region, and a second region
which is disposed outside the first region with respect to the
optical path and is disposed above the first region; exposing
the substrate by the exposure light emitted from the emitting
surface via the liquid in the liquid immersion space; and
moving the second member with respect to the first member
in at least a part of an exposure of the substrate.

[0022] According to a seventeenth aspect of the present
invention, there is provided an exposing method that
exposes a substrate by exposure light via a first liquid
between an emitting surface of an optical member and the
substrate, the exposing method including: forming a liquid
immersion space of a liquid on the substrate movable below
the optical member by using a liquid immersion member
that includes a first liquid supply part which is configured to
supply the first liquid, a first member which is disposed at at
least a portion of surrounding of the optical member, a
second member which is capable of being opposite to the
object and is movable outside an optical path of the exposure
light, and a second liquid supply part which is configured to
supply a second liquid, in which the second member is
moved so that one of a first state and a second state is
changed to the other state, the first state being a state in
which the second member is opposite to the second liquid
supply part and the second state being a state in which the
second member is not opposite to the second supply part;
exposing the substrate by the exposure light emitted from an
emitting surface via the liquid in the liquid immersion space;
and moving the second member with respect to the first
member in at least a portion of the exposure of the substrate.
[0023] According to an eighteenth aspect of the present
invention, there is provided an exposing method that
exposes a substrate by exposure light via a first liquid
between an emitting surface of an optical member and the
substrate, the exposing method including: forming a liquid
immersion space of a liquid on the substrate movable below
the optical member by using a liquid immersion member
that includes a first member which is disposed at at least a
portion of surrounding of the optical member, and a second
member which is capable of being opposite to the object and
is movable outside an optical path of the exposure light;
exposing the substrate by the exposure light emitted from
the emitting surface via the liquid in the liquid immersion
space; moving the second member with respect to the first
member in at least a part of an exposure of the substrate; and
decreasing a change of a pressure, which the optical member
receives from the liquid in the liquid immersion space, by
use of a protection part.

[0024] According to a nineteenth aspect of the present
invention, there is provided a method of manufacturing a
device including: exposing a substrate using the exposing
method according to any one of the eleventh to the eigh-
teenth aspects; and developing the exposed substrate.
[0025] According to a twentieth aspect of the present
invention, there is provided a program that causes a com-
puter to execute a control of a liquid immersion exposure
apparatus which exposes a substrate by exposure light via a
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first liquid between an emitting surface of an optical member
and the substrate, in which the program performs: forming
a liquid immersion space of a liquid on the substrate
movable below the optical member by using a liquid immer-
sion member that includes a first member which is disposed
at at least a portion of surrounding of the optical member, a
second member which includes at least a portion disposed
below the first member, which is capable of being opposite
to the object, and which is movable outside an optical path
of the exposure light, and a protection part which protects
the optical member; exposing the substrate by the exposure
light emitted from the emitting surface via the liquid in the
liquid immersion space; moving the second member with
respect to the first member in at least a part of an exposure
of the substrate; and decreasing a change of a pressure,
which the optical member receives from the liquid in the
liquid immersion space, by use of the protection part.

[0026] According to a twenty-first aspect of the present
invention, there is provided a program that causes a com-
puter to execute a control of a liquid immersion exposure
apparatus which exposes a substrate by exposure light via a
first liquid between an emitting surface of an optical member
and the substrate, in which the program performs: forming
a liquid immersion space of a liquid on the substrate
movable below the optical member by using a liquid immer-
sion member that includes a first member which is disposed
at at least a portion of surrounding of the optical member,
and a second member which includes at least a portion
disposed below the first member, which is capable of being
opposite to the object, and which is movable outside an
optical path of the exposure light, in which the first member
includes a wall part disposed between the optical member
and the second member, the second member includes a
second upper surface and a second lower surface which is
capable of being opposite to a surface of the object, and a
lowermost part of the wall part is disposed at a same height
as the second upper surface or is disposed below the second
upper surface; exposing the substrate by the exposure light
emitted from the emitting surface via the liquid in the liquid
immersion space; and moving the second member with
respect to the first member in at least a part of an exposure
of the substrate.

[0027] According to a twenty-second aspect of the present
invention, there is provided a program that causes a com-
puter to execute a control of a liquid immersion exposure
apparatus which exposes a substrate by exposure light via a
first liquid between an emitting surface of an optical member
and the substrate, in which the program performs: forming
a liquid immersion space of a liquid on the substrate
movable below the optical member by using a liquid immer-
sion member that includes a first member which is disposed
at at least a portion of surrounding of the optical member,
and a second member which includes at least a portion
disposed below the first member, which is capable of being
opposite to the object, and which is movable outside an
optical path of the exposure light, in which the first member
includes a wall part disposed between the optical member
and the second member, the second member includes a
second upper surface and a second lower surface which is
capable of being opposite to a surface of the object, and a
lowermost part of the wall part is disposed at a same height
as the second lower surface or is disposed below the second
lower surface; exposing the substrate by the exposure light
emitted from the emitting surface via the liquid in the liquid
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immersion space; and moving the second member with
respect to the first member in at least a part of an exposure
of the substrate.

[0028] According to a twenty-third aspect of the present
invention, there is provided a program that causes a com-
puter to execute a control of a liquid immersion exposure
apparatus which exposes a substrate by exposure light via a
first liquid between an emitting surface of an optical member
and the substrate, in which the program performs: forming
a liquid immersion space of a liquid on the substrate
movable below the optical member by using a liquid immer-
sion member that includes a first member which is disposed
at at least a portion of surrounding of the optical member,
and a second member which includes at least a portion
disposed below the first member, which is capable of being
opposite to the object, and which is movable outside an
optical path of the exposure light, in which the first member
includes a wall part disposed between the optical member
and the second member, the second member includes a
second upper surface and a second lower surface which is
capable of being opposite to a surface of the object, a
lowermost part of the wall part is disposed above the second
upper surface of the second member, a gap is formed
between the first member and the second upper surface
outside the lowermost part with respect to the optical path,
and a distance between the lowermost part and the second
upper surface is smaller than a size of the gap in a direction
parallel to the optical axis of the optical member; exposing
the substrate by the exposure light emitted from the emitting
surface via the liquid in the liquid immersion space; and
moving the second member with respect to the first member
in at least a part of an exposure of the substrate.

[0029] According to a twenty-fourth aspect of the present
invention, there is provided a program that causes a com-
puter to execute a control of a liquid immersion exposure
apparatus which exposes a substrate by exposure light via a
first liquid between an emitting surface of an optical member
and the substrate, in which the program performs: forming
a liquid immersion space of a liquid on the substrate
movable below the optical member by using a liquid immer-
sion member that includes a first member which is disposed
at at least a portion of surrounding of an optical path of the
exposure light, and a second member which includes at least
a portion disposed below the first member, which is capable
of being opposite to the object, and which is movable
outside the optical path, in which the first member includes
a wall part disposed between the optical member and the
second member, the wall part includes a first part nearest to
the optical path, the second member includes a second part
nearest to the optical path, and the second part is continu-
ously disposed outside the first part with respect to the
optical path in a movement period of the second member;
exposing the substrate by the exposure light emitted from
the emitting surface via the liquid in the liquid immersion
space; and moving the second member with respect to the
first member in at least a part of an exposure of the substrate.
[0030] According to a twenty-fifth aspect of the present
invention, there is provided a program that causes a com-
puter to execute a control of a liquid immersion exposure
apparatus which exposes a substrate by exposure light via a
first liquid between an emitting surface of an optical member
and the substrate, in which the program performs: forming
a liquid immersion space of a liquid on the substrate
movable below the optical member by using a liquid immer-
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sion member that includes a first member which is disposed
at at least a portion of surrounding of the optical member,
and a second member which includes at least a portion
disposed below the first member, which is capable of being
opposite to the object, and which is movable outside an
optical path of the exposure light emitted from the emitting
surface, in which the first member includes a first lower
surface in which at least a portion is able to be opposite to
the second member, and the first lower surface includes a
first region, and a second region which is disposed outside
the first region with respect to the optical path and which is
disposed above the first region; exposing the substrate by the
exposure light emitted from the emitting surface via the
liquid in the liquid immersion space; and moving the second
member with respect to the first member in at least a part of
an exposure of the substrate.

[0031] According to a twenty-sixth aspect of the present
invention, there is provided a program that causes a com-
puter to execute a control of a liquid immersion exposure
apparatus which exposes a substrate by exposure light via a
first liquid between an emitting surface of an optical member
and the substrate, in which the program performs: forming
a liquid immersion space of a liquid on the substrate
movable below the optical member by using a liquid immer-
sion member that includes a first liquid supply part which is
configured to supply the first liquid, a first member which is
disposed a at least a portion of surrounding of the optical
member, a second member which includes at least a portion
disposed below the first member, which is capable of being
opposite to the object, and which is movable outside an
optical path of the exposure light, and a second liquid supply
part which is configured to supply a second liquid, in which
the second member is moved so that one of a first state and
a second state is changed to the other state, the first state
being a state in which the second member is opposite to the
second liquid supply part and the second state being a state
in which the second member is not opposite to the second
supply part ; exposing the substrate by the exposure light
emitted from the emitting surface via the liquid in the liquid
immersion space; and moving the second member with
respect to the first member in at least a part of an exposure
of the substrate.

[0032] According to a twenty-seventh aspect of the pres-
ent invention, there is provided a program that causes a
computer to execute a control of a liquid immersion expo-
sure apparatus which exposes a substrate by exposure light
via a first liquid between an emitting surface of an optical
member and the substrate, in which the program performs:
forming a liquid immersion space of a liquid on the substrate
movable below the optical member by using a liquid immer-
sion member that includes a first member which is disposed
at at least a portion of surrounding of the optical member,
and a second member which includes at least a portion
disposed below the first member, which is capable of being
opposite to the object, and which is movable outside an
optical path of the exposure light; exposing the substrate by
the exposure light emitted from the emitting surface via the
liquid in the liquid immersion space; moving the second
member with respect to the first member in at least a part of
an exposure of the substrate; and decreasing a change of a
pressure, which the optical member receives from the liquid
in the liquid immersion space, by use of a protection part.

[0033] According to a twenty-eighth aspect of the present
invention, there is provided a computer-readable recording
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medium on which the program according to any one of the
twentieth to twenty-seventh aspects is recorded.

[0034] According to the aspects of the present invention,
occurrences of exposure failure can be prevented. Moreover,
according to the aspects of the present invention, occurrence
of a defective device can be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] FIG. 1 is a view showing an example of an expo-
sure apparatus according to a first embodiment.

[0036] FIG. 2 is a side cross-sectional view showing an
example of a liquid immersion member according to the first
embodiment.

[0037] FIG. 3 is a side cross-sectional view showing a
portion of the liquid immersion member according to the
first embodiment.

[0038] FIG. 4 is a view of the liquid immersion member
according to the first embodiment as seen from below.
[0039] FIG. 5 is a side cross-sectional view showing a
portion of a first member according to the first embodiment.
[0040] FIG. 6 is a side cross-sectional view showing a
portion of a second member according to the first embodi-
ment.

[0041] FIG. 7 is a side cross-sectional view showing a
portion of the liquid immersion member according to the
first embodiment.

[0042] FIG. 8 is a view showing an example of an opera-
tion of the liquid immersion member according to the first
embodiment.

[0043] FIG. 9 is a view for explaining an example of an
operation of the exposure apparatus according to the first
embodiment.

[0044] FIG. 10 is a view for explaining an example of the
operation of the liquid immersion member according to the
first embodiment.

[0045] FIG. 11 is a view for explaining an example of the
operation of the exposure apparatus according to the first
embodiment.

[0046] FIG. 12 is a view for explaining an example of the
operation of the liquid immersion member according to the
first embodiment.

[0047] FIG. 13 is a view for explaining an example of the
operation of the exposure apparatus according to the first
embodiment.

[0048] FIG. 14 is a side cross-sectional view showing a
portion of a liquid immersion member according to a second
embodiment.

[0049] FIG. 15 is a side cross-sectional view showing a
portion of a liquid immersion member according to a third
embodiment.

[0050] FIG. 16 is a side cross-sectional view showing a
portion of a liquid immersion member according to a fourth
embodiment.

[0051] FIG. 17 is a side cross-sectional view showing a
portion of a liquid immersion member according to a fifth
embodiment.

[0052] FIG. 18 is a side cross-sectional view showing a
portion of a liquid immersion member according to a sixth
embodiment.

[0053] FIG. 19 is a side cross-sectional view showing a
portion of a liquid immersion member according to a
seventh embodiment.
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[0054] FIG. 20 is a side cross-sectional view showing a
portion of a liquid immersion member according to an
eighth embodiment.

[0055] FIG. 21 is a side cross-sectional view showing a
portion of a first member according to a ninth embodiment.
[0056] FIG. 22 is a side cross-sectional view showing a
portion of a first member according to a tenth embodiment.
[0057] FIG. 23 is a side cross-sectional view showing a
portion of a first member according to an eleventh embodi-
ment.

[0058] FIG. 24 is a side cross-sectional view showing a
portion of a first member according to a twelfth embodi-
ment.

[0059] FIG. 25 is a side cross-sectional view showing a
portion of a first member according to a thirteenth embodi-
ment.

[0060] FIG. 26 is a side cross-sectional view showing a
portion of a first member according to a fourteenth embodi-
ment.

[0061] FIG. 27 is a side cross-sectional view showing a
portion of a first member according to a fifteenth embodi-
ment.

[0062] FIG. 28 is a side cross-sectional view showing a
portion of a liquid immersion member according to a
sixteenth embodiment.

[0063] FIG. 29 is a side cross-sectional view showing a
portion of the liquid immersion member according to the
sixteenth embodiment.

[0064] FIG. 30 is a side cross-sectional view showing a
portion of a liquid immersion member according to a
seventeenth embodiment.

[0065] FIG. 31 is a side cross-sectional view showing a
portion of the liquid immersion member according to the
seventeenth embodiment.

[0066] FIG. 32 is a view showing a comparative example.
[0067] FIG. 33 is a view showing an example of the liquid
immersion member according to the seventeenth embodi-
ment.

[0068] FIG. 34 is a side cross-sectional view showing a
portion of a liquid immersion member according to an
eighteenth embodiment.

[0069] FIG. 35 is a side cross-sectional view showing a
portion of the liquid immersion member according to the
eighteenth embodiment.

[0070] FIG. 36 is a view showing an example of an
exposure apparatus according to a nineteenth embodiment.
[0071] FIG. 37 is a view showing an example of a second
opening part.

[0072] FIG. 38 is a view showing an example of a sub-
strate stage.

[0073] FIG. 39 is a flowchart for explaining an example of
a method of manufacturing a device.

[0074] FIG. 40A is a side cross-sectional view showing a
portion of the liquid immersion member.

[0075] FIG. 40B is a side cross-sectional view showing a
portion of the liquid immersion member.

[0076] FIG. 40C is a side cross-sectional view showing a
portion of the liquid immersion member.

[0077] FIG. 40D is a side cross-sectional view showing a
portion of the liquid immersion member.

[0078] FIG. 41 is a side cross-sectional view showing a
portion of the liquid immersion member.

Feb. 14,2019

DESCRIPTION OF EMBODIMENTS

[0079] Hereinafter, embodiments of the present invention
will be described with reference to the drawings. However,
the present invention is not limited thereto. In the descrip-
tions below, an XYZ rectangular coordinate system is set,
and a positional relationship of each portion will be
described with reference to the XYZ rectangular coordinate
system. A predetermined direction in a horizontal surface is
set to an X axis direction, a direction orthogonal to the X
axis direction in the horizontal surface is set to a Y axis
direction, and a direction (that is, a vertical direction)
orthogonal to each of the X axis direction and the Y axis
direction is set to a Z axis direction. Moreover, the rotation
(inclination) directions around the X axis, the Y axis, and the
Z axis are set to the 60X direction, the 0Y direction, and the
07 direction.

First Embodiment

[0080] A first embodiment will be described. FIG. 1 is a
schematic configuration view showing an example of an
exposure apparatus EX according to the first embodiment.
The exposure apparatus EX of the present embodiment is a
liquid immersion exposure apparatus which exposes a sub-
strate P via a liquid LQ using exposure light EL.. In the
present embodiment, a liquid immersion space LS is formed
so that an optical path ATL of the exposure light EL. which
is radiated to the substrate P is filled with the liquid LQ. The
liquid immersion space LS means a portion (space or region)
which is filled with the liquid. The substrate P is exposed by
the exposure light ELL via the liquid LQ in the liquid
immersion space LS. In the present embodiment, water
(pure water) is used as the liquid LQ.

[0081] For example, the exposure apparatus EX of the
present embodiment is an exposure apparatus which
includes a substrate stage and a measurement stage as
disclosed in U.S. Pat. No. 6,897,963, European Patent
Application, Publication No. 1713113, or the like.

[0082] In FIG. 1, the exposure apparatus EX includes: a
mask stage 1 which is movable while holding a mask M; a
substrate stage 2 which is movable while holding a substrate
P; a measurement stage 3 which does not hold the substrate
P, and which is movable while mounting a measurement
member (measurement instrument) C which measures the
exposure light EL; a measurement system 4 which measures
positions of the substrate stage 2 and the measurement stage
3; an illumination system II, which illuminates the mask M
with the exposure light EL; a projection optical system PL
which projects an image of a pattern of the mask M which
is illuminated with the exposure light EL to the substrate P;
a liquid immersion member 5 which forms the liquid immer-
sion space LS of a liquid LQ; a controller 6 which controls
an operation of the entire exposure apparatus EX; and a
storage apparatus 7 which is connected to the controller 6
and stores various information with respect to the exposure.
[0083] Moreover, the exposure apparatus EX includes a
reference frame 8A which supports the projection optical
system PL and various measurement systems including the
measurement system 4, an apparatus frame 8B which sup-
ports the reference frame 8A, and a vibration isolator 10
which is disposed between the reference frame 8A and the
apparatus frame 8B, and suppresses transmission of vibra-
tion from the apparatus frame 8B to the reference frame 8A.
The vibration isolator 10 includes a spring apparatus or the
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like. In the present embodiment, the vibration isolator 10
includes a gas spring (for example, an air mount). In
addition, either a detection system which detects an align-
ment mark of the substrate P or a detection system which
detects the position of the surface of an object such as the
substrate P, or both detection systems may be supported by
the reference frame 8A.

[0084] Moreover, the exposure apparatus EX includes a
chamber apparatus 9 which adjusts an environment (at least
one of temperature, humidity, pressure, and a degree of
cleanness) of a space CS to which the exposure light EL.
advances. At least the projection optical system PL, the
liquid immersion member 5, the substrate stage 2, and the
measurement stage 3 are disposed in the space CS. In the
present embodiment, at least a portion of the mask stage 1
and the illumination system IL is also disposed in the space
CS.

[0085] The mask M includes a reticle on which a device
pattern projected to the substrate P is formed. For example,
the mask M includes a transmission type mask which
includes a transparent plate such as a glass plate, and a
pattern formed on the transparent plate using a light-shield-
ing material such as chromium. Moreover, a reflection type
mask may be used as the mask M.

[0086] The substrate P is a substrate used to manufacture
a device. For example, the substrate P includes a base
material such as a semiconductor wafer and a photosensitive
film which is formed on the base material. The photosensi-
tive film is a film of a photosensitive material (photoresist).
Moreover, the substrate P may include other films in addi-
tion to the photosensitive film. For example, the substrate P
may include an antireflection film and a protective film (top
coat film) which protects the photosensitive film.

[0087] The illumination system IL radiates the exposure
light EL. to an illumination region IR. The illumination
region IR includes positions which can be radiated with the
exposure light EL emitted from the illumination system IL.
The illumination system IL illuminates at least a portion of
the mask M disposed in the illumination region IR by the
exposure light ELL having a uniform illumination distribu-
tion. For example, as for the exposure light EL. which is
emitted from the illumination system IL, far-ultraviolet light
(DUV light) such as a bright line (g-line, h-line, i-line)
emitted from a mercury lamp and KrF excimer laser light
(248 nm in wavelength), ArF excimer laser light (193 nm in
wavelength), vacuum-ultraviolet light (VUV light) such as
F, laser light (157 nm in wavelength), and the like are used.
In the present embodiment, as for the exposure light EL, ArF
excimer laser light, which is ultraviolet light (vacuum-
ultraviolet light), is used.

[0088] The mask stage 1 is movable in a state where it
holds the mask M. For example, the mask stage 1 is moved
by an operation of a driving system 11 which includes a
planar motor as disclosed in U.S. Pat. No. 6,452,292. In the
present embodiment, the mask stage 1 is able to move in six
directions of the X axis, the Y axis, the Z axis, the 06X, the
0Y, and the 67 by the operation of the driving system 11.
Moreover, the driving system 11 may not include a planar
motor. The driving system 11 may include a linear motor.
[0089] The projection optical system PL radiates the expo-
sure light ELL to a projection region PR. The projection
region PR includes positions which can be radiated with the
exposure light EL emitted from the projection optical system
PL. The projection optical system PL projects the image of
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the pattern of the mask M on at least a portion of the
substrate P disposed in the projection region PR by a
predetermined projection magnification. In the present
embodiment, the projection optical system PL is a reduction
system. The projection magnification of the projection opti-
cal system PL is V4. In addition, the projection magnification
of the projection optical system PL may be 5, %4, or the like.
Moreover, the projection optical system PL. may be either an
equal magnification system or an enlargement system. In the
present embodiment, the optical axis of the projection opti-
cal system PL is parallel to the Z axis. The projection optical
system PL. may be any of a refraction system which does not
include a reflective optical element, a reflection system
which does not include a refractive optical element, or a
reflective refraction system which includes the reflective
optical element and the refractive optical element. The
projection optical system PL may form either an inverted
image or an erected image.

[0090] The projection optical system PL includes a termi-
nal optical element 13 which includes an emitting surface 12
from which the exposure light EL is emitted. The emitting
surface 12 emits the exposure light ELL toward the image
surface of the projection optical system PL. The terminal
optical element 13 is an optical element nearest to the image
surface of the projection optical system PL among the
plurality of optical elements of the projection optical system
PL. The projection region PR includes positions which can
be radiated with the exposure light EL. emitted from the
emitting surface 12. In the present embodiment, the emitting
surface 12 faces the —Z axis direction. The exposure light EL.
emitted from the emitting surface 12 advances in the —Z
axis direction. The emitting surface 12 is parallel to the XY
plane. Moreover, the emitting surface 12 facing the -7 axis
direction may have a convex surface or a concave surface.
In addition, the emitting surface 12 may be inclined with
respect to the XY plane and may include a curved surface.
In the present embodiment, the optical axis AX of the
terminal optical element 13 is parallel to the Z axis.
[0091] With respect to the direction parallel to the optical
axis AX of the terminal optical element 13, the emitting
surface 12 side is at the —Z side, and the incident surface
side is at the +Z side. With respect to the direction parallel
to the optical axis of the projection optical system PL, the
image surface side of the projection optical system PL is at
the -7 side, and the object surface side of the projection
optical system PL is at the +Z side.

[0092] The substrate stage 2 is able to move in the XY
plane, which includes positions (projection region PR)
which can be radiated with the exposure light EL from the
emitting surface 12, in a state where the substrate stage holds
the substrate P. The measurement stage 3 is able to move in
the XY plane, which includes positions (projection region
PR) which can be radiated with the exposure light EL. from
the emitting surface 12, in a state where a measurement
member (measurement instrument) C is mounted on the
measurement stage. Each of the substrate stage 2 and the
measurement stage 3 is able to move on a guide surface 14G
of a base member 14. The guide surface 14G and the XY
plane are substantially parallel to each other.

[0093] The substrate stage 2 includes a first holding part
which releasably holds the substrate P and a second holding
part which is disposed at the surrounding of the first holding
part and releasably holds a cover member T as disclosed in,
for example, United States Patent Application, Publication
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No. 2007/0177125, United States Patent Application, Pub-
lication No. 2008/0049209, and the like. The first holding
part holds the substrate P so that the surface (upper surface)
of the substrate P and the XY plane are substantially parallel
to each other. The upper surface of the substrate P held by
the first holding part and the upper surface of the cover
member T held by the second holding part are disposed in
substantially the same plane. With respect to the Z axis
direction, the distance between the emitting surface 12 and
the upper surface of the substrate P held by the first holding
part is substantially the same as the distance between the
emitting surface 12 and the upper surface of the cover
member T held by the second holding part.

[0094] Moreover, with respect to the Z axis direction, the
distance between the emitting surface 12 and the upper
surface of the substrate P being substantially the same as the
distance between the emitting surface 12 and the upper
surface of the cover member T includes a difference of the
distance between the emitting surface 12 and the upper
surface of the substrate P and the distance between the
emitting surface 12 and the upper surface of the cover
member T being within 10% of the distance (a so-called
working distance) between the emitting surface 12 and the
upper surface of the substrate P when the substrate P is
exposed, for example.

[0095] In addition, the upper surface of the substrate P
held by the first holding part and the upper surface of the
cover member T held by the second holding part may not be
disposed on substantially the same plane. For example, with
respect to the Z axis direction, the position of the upper
surface of the substrate P and the position of the upper
surface of the cover member T may be different from each
other. For example, there may be a step between the upper
surface of the substrate P and the upper surface of the cover
member T.

[0096] In addition, the upper surface of the cover member
T may be inclined with respect to the upper surface of the
substrate P. The upper surface of the cover member T may
include a curved surface.

[0097] The substrate stage 2 and the measurement stage 3
are moved by an operation of a driving system 15 which
includes a planar motor as disclosed in, for example, U.S.
Pat. No. 6,452,292. The driving system 15 includes a mover
2C which is disposed at the substrate stage 2, a mover 3C
which is disposed at the measurement stage 3, and a stator
14M which is disposed at the base member 14. Each of the
substrate stage 2 and the measurement stage 3 is able to
move on a guide surface 14G in six directions of the X axis,
the Y axis, the Z axis, the 06X, the 0Y, and the 0Z axis
directions by the operation of the driving system 15. More-
over, the driving system 15 may not include a planar motor.
The driving system 15 may include a linear motor.

[0098] The measurement system 4 includes an interfer-
ometer system. The interferometer system includes a unit
which radiates measurement light to a measurement mirror
of the substrate stage 2 and a measurement mirror of the
measurement stage 3 and measures the positions of the
substrate stage 2 and the measurement stage 3.

[0099] In addition, for example, the measurement system
may include an encoder system disclosed in United States
Patent Application, Publication No. 2007/0288121. More-
over, the measurement system 4 may include only one of the
interferometer system and the encoder system.
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[0100] When exposure processing of the substrate P is
performed, or when predetermined measurement processing
is performed, the controller 6 performs position controls of
the substrate stage 2 (substrate P) and the measurement stage
3 (measurement member C) based on the measurement
results of the measurement system 4.

[0101] Next, the liquid immersion member 5 according to
the present embodiment will be described. In addition, the
liquid immersion member may also be referred to as a nozzle
member. FIG. 2 is a cross-sectional view of the terminal
optical element 13 and the liquid immersion member 5
parallel to the XZ plane. FIG. 3 is a view in which a portion
of FIG. 2 is enlarged. FIG. 4 is a view of the liquid
immersion member 5 as seen from below (-Z side).

[0102] The terminal optical element 13 includes the emit-
ting surface 12 facing the -Z axis direction and an outer
surface 131 which is disposed at the surrounding of the
emitting surface 12. The exposure light EL is emitted from
the emitting surface 12. The exposure light EL is not emitted
from the outer surface 131. The exposure light EL passes
through the emitting surface 12 and does not pass through
the outer surface 131. The outer surface 131 is a non-
emitting surface from which the exposure light EL is not
emitted. In the present embodiment, the outer surface 131 is
inclined upwardly and outwardly in a radial direction with
respect to the optical path AX of the terminal optical element
13.

[0103] The liquid immersion member 5 forms a liquid
immersion space LS of the liquid L.Q above the object which
is movable below the terminal optical element 13.

[0104] The object which is movable below the terminal
optical element 13 is able to move in the XY plane which
includes the position opposite to the emitting surface 12. The
object is able to be opposite to the emitting surface 12 and
is able to be disposed in the projection region PR. The object
is able to move below the liquid immersion member 5 and
is able to be opposite to the liquid immersion member 5.

[0105] In the present embodiment, the object includes at
least one of at least a portion of the substrate stage 2 (for
example, the cover member T of the substrate stage 2), the
substrate P which is held by the substrate stage 2 (first
holding part), and the measurement stage 3.

[0106] Inthe exposure of the substrate P, the liquid immer-
sion space LS is formed so that the optical path ATL of the
exposure light ELL between the emitting surface 12 of the
terminal optical element 13 and the substrate P is filled with
the liquid LQ. When the exposure light EL is radiated to the
substrate P, the liquid immersion space LS is formed so that
only a portion of the surface region of the substrate P which
includes the projection region PR is covered by the liquid
LQ.

[0107] In the descriptions below, the object is defined as
the substrate P. Moreover, as described above, the object
may be at least one of the substrate stage 2 and the
measurement stage 3, and the object may be one other than
the substrate P, the substrate stage 2, and the measurement
stage 3.

[0108] The liquid immersion space LS may be formed
over two objects. For example, the liquid immersion space
LS may be formed over the cover member T of the substrate
stage 2 and the substrate P. The liquid immersion space LS
may be formed over the substrate stage 2 and the measure-
ment stage 3.
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[0109] The liquid immersion space LS is formed so that
the optical path ATL of the exposure light EL. emitted from
the emitting surface 12 of the terminal optical element 13 is
filled with the liquid LQ. At least a portion of the liquid
immersion space LS is formed in a space between the
terminal optical element 13 and the substrate P (object). At
least a portion of the liquid immersion space LS is formed
in a space between the liquid immersion member 5 and the
substrate P (object).

[0110] The liquid immersion member 5 includes a first
member 21 disposed at at least a portion of the surrounding
of the optical path AT of the exposure light EL, and a second
member 22 disposed at at least a portion of the surrounding
of the optical path AT of the exposure light EL. The second
member 22 is a movable member which is able to move.
[0111] The optical path AT of the exposure light EL
includes an optical path ATO (an optical path ATO of the
exposure light EL. passing through the terminal optical
element 13) of the exposure light EL in the terminal optical
element 13. Moreover, the optical path AT of the exposure
light EL includes the optical path ATL of the exposure light
EL which is emitted from the emitting surface 12. That is, in
the present invention, the optical path AT of the exposure
light EL. may include the optical path ATO of the exposure
light EL in the terminal optical element 13. The optical path
AT of the exposure light ELL may include the optical path
ATL of the exposure light EL. between the emitting surface
12 and the substrate P (object).

[0112] A portion of the first member 21 is disposed at at
least a portion of the surrounding of the terminal optical
element 13 (optical path ATO). A portion of the first member
21 is disposed at at least a portion of the surrounding of the
optical path ATL.

[0113] A portion of the second member 22 is disposed at
at least a portion of the surrounding of the terminal optical
element 13 (optical path ATO) and the first member 21. A
portion of the second member 22 is disposed at the sur-
rounding of the optical path ATL.

[0114] At least a portion of the first member 21 is disposed
below the terminal optical element 13. At least a portion of
the terminal optical element 13 is disposed above the first
member 21.

[0115] At least a portion of the second member 22 is
disposed below the first member 21. At least a portion of the
first member 21 is disposed above the second member 22. At
least a portion of the second member 22 is movable below
the first member 21. At least a portion of the second member
22 is movable below the terminal optical element 13 and the
first member 21. At least a portion of the second member 22
is movable between the first member 21 and the substrate P
(object).

[0116] The second member 22 is movable at the outside of
the optical path AT of the exposure light EL. At least a
portion of the second member 22 is movable at the outside
of'the optical path AT of the exposure light EL below the first
member 21.

[0117] In the present embodiment, the terminal optical
element 13 does not substantially move. The first member 21
also does not substantially move. The first member 21 does
not substantially move with respect to the optical element
13.

[0118] The second member 22 is movable with respect to
the terminal optical element 13. The second member 22 is
movable with respect to the first member 21. A relative
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position between the terminal optical element 13 and the
second member 22 is changed. A relative position between
the first member 21 and the second member 22 is changed.
[0119] The first member 21 is disposed so as not to contact
the terminal optical element 13. A gap is formed between the
terminal optical element 13 and the first member 21. The
second member 22 is disposed so as not to contact the
terminal optical element 13 and the first member 21. A gap
is formed between the first member 21 and the second
member 22. The second member 22 moves so as not to
contact the terminal optical element 13 and the first member
21.

[0120] The substrate P (object) is able to be opposite to at
least a portion of the terminal optical element 13 via the gap.
The substrate P (object) is able to be opposite to at least a
portion of the first member 21 via the gap. The substrate P
(object) is able to be opposite to at least a portion of the
second member 22 via the gap. The substrate P (object) is
movable below the terminal optical element 13, the first
member 21, and the second member 22.

[0121] At least a portion of the first member 21 is opposite
to the terminal optical element 13 via the gap. In the present
embodiment, a portion of the first member 21 is opposite to
the emitting surface 12. A portion of the first member 21 is
disposed below the emitting surface 12 via the gap. A
portion of the first member 21 is opposite to the outer surface
131. A portion of the first member 21 is disposed at at least
a portion of the surrounding of the outer surface 131 via the
gap.

[0122] At least a portion of the second member 22 is
opposite to the first member 21 via the gap. In the present
embodiment, the second member 22 is not opposite to the
terminal optical element 13. The first member 21 is disposed
between the second member 22 and the terminal optical
element 13. The first member 21 is disposed so that the
terminal optical element 13 and the second member 22 are
not opposite to each other.

[0123] The first member 21 includes a part 211 which is
disposed at at least a portion of the surrounding of the optical
path ATL, and a part 212 which is disposed at at least a
portion of the surrounding of the terminal optical element 13
(optical path ATO). The part 212 is disposed above the part
211. In the present embodiment, the first member 21 is an
annular member. The part 211 is disposed at the surrounding
of the optical path ATL. The part 212 is disposed at the
surrounding of the terminal optical element 13 (optical path
ATO).

[0124] Atleast a portion of the part 211 of the first member
21 is disposed below the terminal optical element 13. At
least a portion of the terminal optical element 13 is disposed
above the part 211 of the first member 21. The terminal
optical element 13 is disposed at a position further away
from the substrate P (object) than the part 211 of the first
member 21. At least a portion of the part 211 of the first
member 21 is disposed between the terminal optical element
13 and the substrate P (object).

[0125] Inthe present embodiment, at least a portion of the
part 211 of the first member 21 is able to be opposite to the
emitting surface 12. That is, at least a portion of the part 211
of the first member 21 is disposed between the emitting
surface 12 and the upper surface of the substrate P (object).
[0126] The first member 21 includes a first opening part 23
through which the exposure light EL emitted from the
emitting surface 12 is able to pass, an upper surface 24, a
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lower surface 25 in which at least a portion is opposite to the
second member 22, an inner surface 26 in which at least a
portion is opposite to the outer surface 131 of the terminal
optical element 13, and an outer surface 27 which faces
outward in the radial direction with respect to the optical
axis AX (optical path AT). At least a portion of the upper
surface 24 faces the +Z axis direction. At least a portion of
the lower surface 25 faces the -Z axis direction.

[0127] The first opening part 23 is formed to connect the
upper surface 24 and the lower surface 25. The upper surface
24 is disposed at the surrounding of an upper end of the first
opening part 23. The lower surface 25 is disposed at the
surrounding of a lower end of the first opening part 23.
[0128] The upper surface 24 is able to be opposite to at
least a portion of the emitting surface 12. The upper surface
24 is opposite to at least a portion of the emitting surface 12
via a gap. The part 211 includes the upper surface 24.
[0129] The surface (upper surface) of the substrate P
(object) is able to be opposite to at least a portion of the
emitting surface 12 and the lower surface 25. The surface
(upper surface) of the substrate P (object) is able to be
opposite to at least a portion of the emitting surface 12 and
the lower surface 25 via a gap. At least a portion of the lower
surface 25 is able to be opposite to the second member 22.
The lower surface 25 is opposite to the second member 22
via a gap. The part 211 includes the lower surface 25.
[0130] At least a portion of the inner surface 26 is opposite
to the outer surface 131. The inner surface 26 is opposite to
the outer surface 131 via a gap. A portion (lower part) of the
inner surface 26 is disposed at the surrounding of the optical
path ATL. A portion (upper part) of the inner surface 26 is
disposed at the surrounding of the terminal optical element
13 (optical path ATO). A lower end of the inner surface 26
is connected to an outer edge of the upper surface 24. The
part 211 includes a portion (lower part) of the inner surface
26. The part 212 includes a portion (upper part) of the inner
surface 26.

[0131] At least a portion of the outer surface 27 is opposite
to the second member 22 via a gap. A lower end of the outer
surface 27 is connected to an outer edge of the lower surface
25. The part 211 includes a portion (lower part) of the outer
surface 27. The part 212 includes a portion (upper part) of
the outer surface 27.

[0132] The second member 22 includes a part 221 in
which at least a portion is disposed below the first member
21, and a part 222 in which at least a portion is disposed
outside the first member 21 with respect to the optical path
AT. The part 222 is disposed outside the part 221 with
respect to the optical path AT. In the present embodiment,
the second member 22 is an annular member. The part 221
is disposed at the surrounding of the optical path ATL below
the first member 21. The part 222 is disposed at the sur-
rounding of the terminal optical element 13 (optical path
ATO) and the first member 21.

[0133] The first member 21 is disposed at a position
further away from the substrate P (object) than the part 221
of the second member 22. The part 221 of the second
member 22 is disposed between the first member 21 and the
substrate P (object). The second member 22 is disposed so
that the substrate P (object) is able to be opposite to the
second member.

[0134] The second member 22 includes a second opening
part 28 through which the exposure light EL. emitted from
the emitting surface 12 is able to pass, an upper surface 29
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in which at least a portion is opposite to the first member 21,
a lower surface 30 to which the substrate P (object) is able
to be opposite, and an inner surface 31 in which at least a
portion is opposite to the outer surface 27 of the first member
21. At least a portion of the upper surface 29 faces the +7Z
axis direction. At least a portion of the lower surface 30 faces
the —-Z axis direction.

[0135] The second opening part 28 is formed so as to
connect the upper surface 29 and the lower surface 30. The
upper surface 29 is disposed at the surrounding of an upper
end of the second opening part 28. The lower surface 30 is
disposed at the surrounding of a lower end of the second
opening part 28.

[0136] The upper surface 29 is able to be opposite to at
least a portion of the lower surface 25. The upper surface 29
is opposite to at least a portion of the lower surface 25 via
a gap. The part 221 includes the upper surface 29.

[0137] The surface (upper surface) of the substrate P
(object) is able to be opposite to the lower surface 30. The
surface (upper surface) of the substrate P (object) is able to
be opposite to the lower surface 30 via a gap. The part 221
includes the lower surface 30.

[0138] Atleast a portion of the inner surface 31 is opposite
to the outer surface 27. The inner surface 31 is opposite to
the outer surface 27 via a gap. A portion (lower part) of the
inner surface 31 is disposed at the surrounding of the optical
path ATL. A portion (upper part) of the inner surface 31 is
disposed at the surrounding of the first member 21. A lower
end of the inner surface 31 is connected to an outer edge of
the upper surface 29. The part 222 includes the inner surface
31.

[0139] FIG. 5 is a cross-sectional view of the first member
21 (part 211) showing the vicinity of the first opening part
23.

[0140] As shown in FIGS. 3 and 5, the upper surface 24
includes a region 241, and a region 242 which is disposed
outside the region 241 with respect to the optical path AT. At
least a portion of the upper surface 24 is able to be opposite
to the emitting surface 12.

[0141] The region 242 is disposed above the region 241.
[0142] An angle between the optical axis AX of the
terminal optical element 13 and the region 241 is different
from an angle between the optical axis AX and the region
242.

[0143] The region 241 is inclined with respect to the
optical axis AX. The region 241 is upwardly and outwardly
inclined in the radial direction with respect to the optical axis
AX.

[0144] The region 242 is substantially perpendicular with
respect to the optical axis AX. That is, the region 242 is
substantially parallel to the XY plane.

[0145] A corner portion Ka is formed between the region
241 and the region 242.

[0146] A size of the region 242 is larger than a size of the
region 241 in the radial direction with respect to the optical
axis AX.

[0147] As shown in FIGS. 3 and 5, the lower surface 25
includes a region 251, a region 252 which is disposed
outside the region 251 with respect to the optical path AT, a
region 253 which is disposed outside the region 252 with
respect to the optical path AT, a region 254 which is disposed
outside the region 253 with respect to the optical path AT,
and a region 255 which is disposed outside the region 254
with respect to the optical path AT. At least a portion of the
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lower surface 25 is able to be opposite to the upper surface
29 of the second member 22.

[0148] The region 252, the region 253, the region 254, and
the region 255 are disposed above the region 251. The region
253, the region 254, and the region 255 are disposed above
the region 252. With respect to the Z axis direction, the
position (height) of the region 253, the position (height) of
the region 254, and the position (height) of the region 255
are substantially the same.

[0149] The angle between the optical axis AX and the
region 251 is different from the angle between the optical
axis AX and the region 252. The angle between the optical
axis AX and the region 252 is different from an angle
between the optical axis AX and the region 253. The angle
between the optical axis AX and the region 253 is substan-
tially the same as an angle between the optical axis AX and
the region 254. The angle between the optical axis AX and
the region 254 is substantially the same as an angle between
the optical axis AX and the region 255.

[0150] The region 252 is inclined with respect to the
optical axis AX. The region 252 is upwardly and outwardly
inclined in the radial direction with respect to the optical axis
AX.

[0151] In the present embodiment, the region 251 is sub-
stantially perpendicular to the optical axis AX. That is, the
region 251 is substantially parallel to the XY plane. The
region 253 is substantially perpendicular to the optical axis
AX. That is, the region 253 is substantially parallel to the
XY plane. The region 252 is an inclined region which
connects the region 251 and the region 253. A step is formed
between the region 251 and the region 253.

[0152] A corner portion Kb is formed between the region
251 and the region 252. A corner portion Kc is formed
between the region 252 and the region 253.

[0153] In the descriptions below, in the lower surface 25
of the first member 21, a part outside the region 251 with
respect to the optical path AT (optical axis AX) is appropri-
ately referred to as a recessed part 16. At least a portion of
the region 252 and at least a portion of the region 253 are
disposed inside the recessed part 16. The second member 22
is able to be opposite to the recessed part 16.

[0154] Each of the region 254 and the region 255 is
substantially perpendicular to the optical axis AX. That is,
each of the region 254 and the region 255 is substantially
parallel to the XY plane.

[0155] A size of the region 253 is larger than a size of the
region 251 in the radial direction with respect to the optical
axis AX. The size of the region 253 is larger than a size of
the region 252 in the radial direction with respect to the
optical axis AX.

[0156] A corner portion Ks is formed between the region
241 and the region 251. The corner portion Ks includes an
inner edge part of the region 251.

[0157] In the present embodiment, the region 251 is the
lowermost part of the first member 21. The region 251 is a
part nearest to the surface (upper surface) of the substrate P
(object) in the first member 21.

[0158] Moreover, the region 251 includes a part nearest to
the optical path AT (ATL) in the first member 21. In the
present embodiment, the inner edge part of the region 251 is
a part nearest to the optical path AT in the first member 21.
[0159] The inner edge part of the region 251 defines the
first opening part 23. The inner edge part of the region 251
is disposed at the surrounding of the first opening part 23.
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The inner edge part of the region 251 defines at least a
portion of the part of the surrounding of the first opening part
23.

[0160] FIG. 6 is cross-sectional view of the second mem-
ber 22 (part 221) showing the vicinity of the second opening
part 28.

[0161] As shown in FIGS. 3 and 6, the upper surface 29
includes a region 291, and a region 292 which is disposed
outside the region 291 with respect to the optical path AT.
The upper surface 29 is able to be opposite to at least a
portion of the lower surface 25.

[0162] The region 292 is disposed above the region 291.
[0163] An angle between the optical axis AX of the
terminal optical element 13 and the region 291 is different
from an angle between the optical axis AX and the region
292.

[0164] The region 291 is inclined with respect to the
optical axis AX. The region 291 is upwardly and outwardly
inclined in the radial direction with respect to the optical axis
AX.

[0165] The region 292 is substantially perpendicular with
respect to the optical axis AX. That is, the region 292 is
substantially parallel to the XY plane.

[0166] A corner portion Kd is formed between the region
291 and the region 292.

[0167] A size of the region 292 is larger than a size of the
region 291 in the radial direction with respect to the optical
axis AX.

[0168] The region 291 faces the optical path AT (ATL).
The region 291 may also be referred to as an end surface of
the second member 22 facing the optical path AT.

[0169] As shown in FIGS. 3 and 6, the lower surface 30
includes a region 301, a region 302 which is disposed
outside the region 301 with respect to the optical path AT,
and a region 303 which is disposed outside the region 302
with respect to the optical path AT. The lower surface 30 is
able to be opposite to the surface (upper surface) of the
substrate P (object).

[0170] The region 302 and the region 303 are disposed
above the region 301. Moreover, the region 303 is disposed
above the region 302.

[0171] An angle between the optical axis AX and the
region 301 is substantially the same as an angle between the
optical axis AX and the region 302. The angle between the
optical axis AX and the region 302 is substantially the same
as an angle between the optical axis AX and the region 303.
[0172] Each of the region 301, the region 302, and the
region 303 is substantially perpendicular to the optical axis
AX. That is, each of the region 301, the region 302, and the
region 303 is substantially parallel to the XY plane.
[0173] A corner portion Kt is formed between the region
291 and the region 301. The corner portion Kt includes an
inner edge part of the region 301.

[0174] In the present embodiment, the region 301 is a
lowermost part of the second member 22. The region 301 is
a part nearest to the surface (upper surface) of the substrate
P (object) in the second member 22.

[0175] Moreover, the region 301 includes a part nearest to
the optical path AT (ATL) in the second member 22. In the
present embodiment, the inner edge part of the region 301 is
a part nearest to the optical path AT in the second member
22.

[0176] The inner edge part of the region 301 defines the
second opening part 28. The inner edge part of the region
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301 is disposed at the surrounding of the second opening
part 28. The inner edge part of the region 301 defines at least
a portion of the surrounding of the second opening part 28.

[0177] As shown in FIG. 3, the inner surface 26 is dis-
posed above the upper surface 24. At least a portion of the
inner surface 26 is upwardly and outwardly inclined in the
radial direction with respect to the optical axis AX. In the
present embodiment, the inner surface 26 includes a region
261 which is disposed outside the upper surface 24 with
respect to the optical path AT, a region 262 which is disposed
outside the region 261 with respect to the optical path AT,
and a region 263 which is disposed outside the region 262
with respect to the optical path AT. At least a portion of the
inner surface 26 is able to be opposite to the outer surface
131 of the terminal optical element 13. The size of a gap
formed between the inner surface 26 and the outer surface
131 is D3.

[0178] The region 261 is connected to the outer edge of the
upper surface 24. The region 261 is disposed above the
upper surface 24. The region 262 is disposed above the
region 261. The region 263 is disposed above the region 262.

[0179] An angle between the optical axis AX and the
region 261 is different from an angle between the optical
axis AX and the region 262. The angle between the optical
axis AX and the region 262 is different from an angle
between the optical axis AX and the region 263. The angle
between the optical axis AX and the region 261 is substan-
tially the same as the angle between the optical axis AX and
the region 263.

[0180] The region 261 is inclined with respect to the
optical axis AX. The region 261 is upwardly and outwardly
inclined in the radial direction with respect to the optical axis
AX. The region 263 is inclined with respect to the optical
axis AX. The region 263 is upwardly and outwardly inclined
in the radial direction with respect to the optical axis AX.

[0181] In the present embodiment, the region 262 is sub-
stantially perpendicular to the optical axis AX. That is, the
region 262 is substantially parallel to the XY plane. A corner
portion is formed between the region 261 and the region
262. A corner portion is formed between the region 262 and
the region 263. A size of a gap formed between the region
261 and the outer surface 131 is D3. In the present embodi-
ment, a size of a gap formed between the region 263 and the
outer surface 131 may be larger than the size D3 or may be
the same as the size D3. In this case, the region 262 may not
be provided.

[0182] As shown in FIG. 3, the outer surface 27 and the
inner surface 31 are substantially parallel to the optical axis
AX. Moreover, at least a portion of the outer surface 27 may
be upwardly and outwardly inclined in the radial direction
with respect to the optical axis AX. At least a portion of the
inner surface 31 may be upwardly and outwardly inclined in
the radial direction with respect to the optical axis AX.
[0183] The upper surface 24 including the region 241 and
the region 242 is a non-recovery region which is not able to
recover the liquid LQ. At least a portion of the upper surface
24 is able to hold the liquid LQ between the upper surface
24 and the terminal optical element 13.

[0184] The region 251, the region 252, the region 253, and
the region 255 of the lower surface 25 are non-recovery
regions which are not able to recover the liquid LQ. The
region 254 of the lower surface 25 is a recovery region
which is able to recover the liquid LQ. At least a portion of
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the lower surface 25 is able to hold the liquid LQ between
the substrate P (object) and the second member 22.

[0185] The inner surface 26 including the region 261, the
region 262, and the region 263 is a non-recovery region
which is not able to recover the liquid LQ. At least a portion
of the inner surface 26 is able to hold the liquid LQ between
the inner surface 26 and the terminal optical element 13.

[0186] The upper surface 29 including the region 291 and
the region 292 is a non-recovery region which is not able to
recover the liquid LQ. At least a portion of the upper surface
29 is able to hold the liquid LQ between the upper surface
29 and the first member 21.

[0187] The region 301 and the region 303 of the lower
surface 30 are non-recovery regions which are not able to
recover the liquid LQ. The region 302 of the lower surface
30 is a recovery region which is able to recover the liquid
LQ. At least a portion of the lower surface 30 is able to hold
the liquid LQ between the lower surface 30 and the substrate
P (object).

[0188] As shown in FIGS. 2, 4, or the like, a size of the
second opening part 28 is larger than a size of the first
opening part 23 in the X axis direction. The size of the
second opening part 28 is larger than the size of the first
opening part 23 in the Y axis direction. The second opening
part 28 is larger than the first opening part 23 in the XY
plane. At least a portion of the optical path AT (ATL) and the
first member 21 is disposed inside the second opening part
28 in the XY plane. The optical path AT (ATL) is disposed
inside the first opening part 23. As shown in FIG. 4, in the
XY plane, the first opening part 23 has a square shape
(rectangular shape) which is long in the X axis direction. The
second opening part 28 also has a square shape (rectangular
shape) which is long in the X axis direction.

[0189] As shown in FIGS. 2, 3, or the like, in the present
embodiment, the first member 21 is disposed so that the
optical axis AX of the terminal optical element 13 and a
center of the first opening part 23 substantially coincide with
each other. When the second member 22 is disposed at an
origin point in which the optical axis AX of the terminal
optical element 13 and the center of the first opening part 28
substantially coincide with each other, the center of the first
opening part 23 and the center of the second opening part 28
substantially coincide with each other. When the second
member 22 is disposed at the origin point, an inner edge of
the second member 22 (inner edge of the lower surface 30,
inner edge of the region 301) defining the second opening
part 28 is positioned outside an inner edge of the first
member 21 (inner edge of the lower surface 25, inner edge
of the region 251) defining the first opening part 23 with
respect to the optical path AT. When the second member 22
is disposed at the origin point, the upper surface 29 of the
second member 22 is opposite to the first member 21 and is
not opposite to the terminal optical element 13.

[0190] FIG. 7 is a view showing the emitting surface 12,
the upper surface 24, the lower surface 25, the upper surface
29, and the lower surface 30.

[0191] As shown in FIGS. 3 and 7, in the present embodi-
ment, the upper surface 24 is disposed below the emitting
surface 12. The lower surface 25 is disposed below the
emitting surface 12 and the upper surface 24. The upper
surface 29 is disposed below the emitting surface 12, the
upper surface 24, and the lower surface 25. The lower
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surface 30 is disposed below the emitting surface 12, the
upper surface 24, the lower surface 25, and the upper surface
29.

[0192] In the descriptions below, a space including the
optical path ATL between the emitting surface 12 and the
substrate P (object) is appropriately referred to as an optical
path space SPK. The optical path space SPK includes a
space between the emitting surface 12 and the substrate P
(object) and a space between the emitting surface 12 and the
upper surface 24.

[0193] Moreover, a space between the lower surface 25
and the upper surface 29 is appropriately referred to as a first
space SP1.

[0194] Moreover, a space between the lower surface 30
and the upper surface of the substrate P (object) is appro-
priately referred to as a second space SP2.

[0195] In addition, a space between the outer surface 131
and the inner surface 26 is appropriately referred to as a third
space SP3.

[0196] With respect to the Z axis direction, the size (the
size of the gap between the emitting surface 12 and the upper
surface of the substrate P) Dk of the optical path space SPK
is larger than the size (the size of the gap between the lower
surface 30 and the upper surface of the substrate P) D2 of the
second space SP2.

[0197] With respect to the Z axis direction, the size (the
size of the gap between the lower surface 25 and the upper
surface 29) D1 of the first space SP1 is smaller than the size
D2 of the second space SP2.

[0198] With respect to the Z axis direction, the size D1 of
the first space SP1 may be substantially the same as the size
D2 of the second space SP2 and may be larger than the size
D2 of the second space SP2.

[0199] The region 251 is disposed above (at the +Z side
of) the upper surface 29. The region 252 is disposed above
(at the +Z side of) the upper surface 29 and the region 251.
With the Z axis direction parallel to the optical axis AX of
the terminal optical element 13, a distance Gla between the
region 251 and the upper surface 29 is smaller than a
distance (G1b between the region 252 and the upper surface
29.

[0200] In the present embodiment, the space (the space
between the emitting surface 12 and the upper surface 24) of
the upper surface 24 side and the space (the space between
the lower surface 25 and the upper surface of the substrate
P) of the lower surface 25 side are connected to each other
via the first opening part 23. The liquid LQ is able to
circulate from one of the space on the upper surface 24 side
and the space on the lower surface 25 side to the other space
via the first opening part 23.

[0201] The optical path space SPK and the first space SP1
are connected to each other via an opening 32 (second
opening part 28) between the inner edge of the lower surface
25 and the inner edge of the upper surface 29. The liquid LQ
is able to circulate from one of the optical path space SPK
and the first space SP1 to the other space via the opening 32.
[0202] The optical path space SPK and the second space
SP2 are connected to each other via an opening 33 between
the inner edge of the lower surface 25 and the upper surface
of'the substrate P. The liquid L.Q is able to circulate from one
of the optical path space SPK and the second space SP2 to
the other space via the opening 33.

[0203] The optical path space SPK and the third space SP3
are connected to each other via an opening 34 between the
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lower end of the outer surface 131 and the lower end of the
inner surface 26. The liquid L.Q is able to circulate from one
of the optical path space SPK and the third space SP3 to the
other space via the opening 34.

[0204] The first space SP1 and the second space SP2 are
connected to each other via the second opening part 28
(opening 32). The liquid LQ is able to circulate from one of
the first space SP1 and the second space SP2 to the other
space via the second opening part 28.

[0205] One end of the optical path AT side of the first
space SP1 is connected to the optical path space SPK via the
opening 32. The other end of the first space SP1 away from
the optical path AT is connected to the space CS of the
surrounding of the liquid immersion member 5 via the
opening 35 between the outer edge of the lower surface 25
and the upper surface 29 and the gap between the outer
surface 27 and the inner surface 31. The first space SP1 is
opened to the outside space (atmosphere) CS of the liquid
immersion member 5 via the opening 35, and the gap
between the outer surface 27 and the inner surface 31. When
the space CS is at the atmospheric pressure, the first space
SP1 is opened to the atmosphere.

[0206] One end of the optical path AT side of the second
space SP2 is connected to the optical path space SPK via the
opening 33. The other end of the second space SP2 away
from the optical path AT is connected to the space CS of the
surrounding of the liquid immersion member 5 via an
opening 36 between the outer edge of the lower surface 30
and the upper surface of the substrate P (object). The second
space SP2 is opened to the outside space (atmosphere) CS of
the liquid immersion member 5 via the opening 36. When
the space CS is at the atmospheric pressure, the second space
SP2 is opened to the atmosphere.

[0207] One end (lower end) of the optical path AT side of
the third space SP3 is connected to the optical path space
SPK via the opening 34. The other end (upper end) of the
third space SP3 away from the optical path AT is connected
to the space CS of the surrounding of the liquid immersion
member 5 via an opening 37 between the outer surface 131
and the upper end of the inner surface 26. The third space
SP3 is opened to the outside space (atmosphere) CS of the
liquid immersion member 5 via the opening 37. When the
space CS is at the atmospheric pressure, the third space SP3
is opened to the atmosphere.

[0208] Inthe present embodiment, movement of the liquid
LQ from one of the first space SP1 at the upper surface 29
side and the second space SP2 at the lower surface 30 side
to the other space without passing through the second
opening part 28 is prevented. The first space SP1 and the
second space SP2 are partitioned by the second member 22.
The liquid LQ in the first space SP1 is able to move to the
second space SP2 via the second opening part 28. The liquid
LQ in the first space SP1 is not able to move to the second
space SP2 without going through the second opening part
28. The liquid LQ, which exists in the first space SP1 outside
the second opening part 28 with respect to the optical path
AT, is not able to move to the second space SP2. The liquid
LQ in the second space SP2 is able to move to the first space
SP1 via the second opening part 28. The liquid LQ in the
second space SP2 is not able to move the first space SP1
without going through the second opening part 28. The
liquid LQ, which exists in the second space SP2 outside the
second opening part 28 with respect to the optical path AT,
is not able to move to the first space SP1. That is, in the
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present embodiment, the liquid immersion member 5 does
not include a channel, which fluidly connects the first space
SP1 and the second space SP2, except for the second
opening part 28.

[0209] In the present embodiment, a portion of an inter-
face LG of the liquid L.Q in the liquid immersion space LS
is formed between the second member 22 and the substrate
P (object). A portion of the interface L.G of the liquid LQ in
the liquid immersion space LS is formed between the first
member 21 and the second member 22. A portion of the
interface LG of the liquid LQ in the liquid immersion space
LS is formed between the terminal optical element 13 and
the first member 21.

[0210] In the descriptions below, the interface LG of the
liquid LQ which is formed between the first member 21 and
the second member 22 is appropriately referred to as a first
interface LG1. The interface LG which is formed between
the second member 22 and the substrate P (object) is
appropriately referred to as a second interface L.G2. The
interface LG which is formed between the terminal optical
element 13 and the first member 21 is appropriately referred
to as a third interface LG3.

[0211] The liquid immersion member 5 includes a liquid
supply part 41 which is able to supply the liquid LQ for
forming the liquid immersion space LS.

[0212] The liquid supply part 41 is disposed above the part
221 of the second member 22.

[0213] The liquid supply part 41 is disposed at the first
member 21. The liquid supply part 41 faces the third space
SP3. The liquid supply part 41 is disposed at the inner
surface 26 of the first member 21 to face the third space SP3.
[0214] The liquid supply part 41 includes an opening
(liquid supply port) which is disposed at the inner surface 26
of the first member 21. The liquid supply part 41 is disposed
to be opposite to the outer surface 131. The liquid supply
part 41 supplies the liquid LQ to the third space SP3 between
the outer surface 131 and the inner surface 26.

[0215] In the present embodiment, the liquid supply part
41 is disposed at each of the +X side and the -X side with
respect to the optical path AT (terminal optical element 13).
[0216] In addition, the liquid supply part 41 may be
disposed in the Y axis direction with respect to the optical
path AT (terminal optical element 13), and a plurality of the
liquid supply parts 41 may be disposed at the surrounding of
the optical path AT (terminal optical element 13) including
the X axis direction and the Y axis direction. One liquid
supply part 41 may be provided.

[0217] Moreover, the liquid supply part 41 is disposed at
the first member 21 to face the optical path space SPK. For
example, the liquid supply part 41 may be provided at the
lower end of the region 261 of the inner surface 26.
[0218] The liquid supply part (liquid supply port) 41 is
connected to a liquid supply apparatus 41S via a supply
channel 41R which is formed in the inner portion of the first
member 21. The liquid supply apparatus 41S is able to
supply the cleaned liquid LQ, in which the temperature is
adjusted, to the liquid supply part 41. The liquid supply part
41 supplies the liquid LQ from the liquid supply apparatus
418 to form the liquid immersion space LS.

[0219] At least a portion of the liquid LQ, which is
supplied from the liquid supply part 41 to the third space
SP3, is supplied to the optical path space SPK via the
opening 34. Accordingly, the optical path ATL is filled with
the liquid LQ. In addition, at least a portion of the liquid L.Q,
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which is supplied from the liquid supply part 41 to the
optical path space SPK, is supplied to the first space SP1 via
the opening 32. Moreover, at least a portion of the liquid L.Q,
which is supplied from the liquid supply part 41 to the
optical path space SPK, is supplied to the second space SP2
via the opening 33.

[0220] The liquid immersion member 5 includes a liquid
recovery part 42 which is able to recover the liquid L.Q, and
a liquid recovery part 43 which is able to recover the liquid
LQ. Moreover, the liquid recovery part 43 may also be
referred to as a fluid recovery part 43.

[0221] The liquid recovery part 42 is disposed outside the
liquid supply part 41 in the radial direction with respect to
the optical axis AX (optical path AT).

[0222] The liquid recovery part 42 is disposed at the first
member 21. The liquid recovery part 42 faces the first space
SP1. The liquid recovery part 42 is disposed at the lower
surface 25 of the first member 21 in order to face the first
space SP1. The liquid recovery part 42 is disposed at the first
member 21 so that the second member 22 is opposite to the
liquid recovery part 42.

[0223] The liquid recovery part 42 includes an opening
(liquid recovery port) which is disposed at the lower surface
25 of the first member 21. The liquid recovery part 42 is
disposed at the first member 21 to be opposite to the upper
surface 29 of the second member 22. The liquid recovery
part 42 recovers at least a portion of the liquid LQ in the first
space SP1 between the lower surface 25 and the upper
surface 29.

[0224] The liquid recovery part 42 is disposed at the
region (recovery region) 254 of the lower surface 25. The
liquid recovery part 42 is disposed at the surrounding of the
optical path AT of the exposure light EL. The liquid recovery
part 42 is disposed to surround the optical path AT.

[0225] In addition, a plurality of the liquid recovery parts
42 may be disposed at the surrounding of the optical path AT
of the exposure light EL. The plurality of liquid recovery
parts 42 may be disposed with intervals in the surrounding
of the optical path AT.

[0226] In the present embodiment, the liquid recovery part
42 recovers at least a portion of the liquid L.Q in the first
space SP1, and does not recover the liquid LQ in the second
space SP2.

[0227] The liquid recovery part 42 (liquid recovery port)
is connected to a liquid recovery apparatus 42C via a
recovery channel (space) 42R formed inside the first mem-
ber 21. The liquid recovery apparatus 42C is able to connect
the liquid recovery part 42 and a vacuum system (not
shown). The liquid recovery part 42 is able to recover at least
a portion of the liquid LQ in the first space SP1. At least a
portion of the liquid LQ in the first space SP1 is able to flow
into the recovery channel 42R via the liquid recovery part 42
(liquid recovery port). Moreover, the liquid recovery part 42
may recover the liquid L.Q, which has flown onto the upper
surface 29 of the second member 22 from the third space
SP3 via a space between the outer surface 27 of the first
member 21 and the inner surface 31 of the second member
22 and through the upper surface of the first member 21.
That is, the liquid recovery part 24 may be used as a
recovery part which recovers the liquid LQ on the upper
surface 25 of the second member 22 which comes from the
space SP3 without going through the opening part 23. Of
course, the recovery part which recovers the liquid LQ from
the space SP3 may be provided at the upper surface of the
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first member 21, and may be provided at at least one of the
upper surface 29 and the inner surface 31 of the second
member 22.

[0228] Moreover, at least one of the channel which con-
nects the space between the lower surface 25 (253 or the
like) of the first member 21 and the upper surface 221 of the
second member 22, and the third space SP3, and the channel
which connects the space between the outer surface 27 of the
first member 21 and the inner surface 31 of the second
member 22, and the third space SP3, may be provided at the
first member 21, and via which the liquid LQ may flow to
the space between the first member 21 and the second
member 22 from the third space SP3.

[0229] In the present embodiment, the liquid recovery part
42 includes a porous member 44. The liquid recovery port
includes holes of the porous member 44. In the present
embodiment, the porous member 44 includes a mesh plate.
The porous member 44 includes a lower surface to which the
upper surface 29 is able to be opposite, an upper surface
which faces the recovery channel 42R, and a plurality of
holes which connect the lower surface and the upper surface.
The liquid recovery part 42 recovers the liquid LQ via holes
of the porous member 44. In the present embodiment, the
region (recovery region) 254 of the lower surface 25
includes the lower surface of the porous member 44. The
liquid LQ in the first space SP1 recovered from the liquid
recovery part 42 (the holes of the porous member 44) flows
into the recovery channel 42R, flows through the recovery
channel 42R, and is recovered by the liquid recovery appa-
ratus 42C.

[0230] In the present embodiment, only the liquid LQ is
substantially recovered via the liquid recovery part 42, and
the recovery of gas is limited. The controller 6 adjusts a
difference between a pressure (pressure in first space SP1) at
the lower surface side of the porous member 44 and a
pressure (pressure in recovery channel 42R) at the upper
surface side so that the liquid LQ in the first space SP1
passes through the holes of the porous member 44 to flow
into the recovery channel 42R, and the gas does not pass
through the holes. In the present embodiment, the first space
SP1 is connected to the space CS. The controller 6 controls
the chamber apparatus 9, and is able to adjust the pressure
in the first space SP1. The controller 6 controls the liquid
recovery apparatus 42C, and is able to adjust the pressure of
the recovery channel 42R. Moreover, for example, an
example of the technology, which recovers only the liquid
via the porous member, is disclosed in U.S. Pat. No. 7,292,
313 or the like.

[0231] In addition, both of the liquid LQ and the gas may
be recovered (suctioned) via the porous member 44. That is,
the liquid recovery part 42 may recover the liquid LQ along
with the gas. Moreover, when the liquid L.Q does not exist
below the liquid recovery part 42, only the gas may be
recovered from the liquid recovery part 42. In addition, the
porous member 44 may not be provided at the first member
21. That is, a fluid (one or both of the liquid LQ and the gas
(3) in the first space SP1 may be recovered without going
through the porous member.

[0232] The liquid recovery part 43 is disposed outside the
liquid supply part 41 in the radial direction with respect to
the optical axis AX (optical path AT).

[0233] The liquid recovery part 43 is disposed at the
second member 22. The liquid recovery part 43 faces the
second space SP2. The liquid recovery part 43 is disposed at
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the lower surface 30 of the second member 22 to face the
second space SP2. The liquid recovery part 43 is disposed at
the second member 22 so that the substrate P (object) is
opposite to the liquid recovery part 43.

[0234] The liquid recovery part 43 includes an opening
(liquid recovery port) which is disposed at the lower surface
30 of the second member 22. The liquid recovery part 43 is
disposed at the second member 22 to be opposite to the
upper surface of the substrate P (object). The liquid recovery
part 43 recovers at least a portion of the liquid LQ in the
second space SP2 between the lower surface 30 and the
upper surface of the substrate P (object).

[0235] The liquid recovery part 43 is disposed at the
region (recovery region) 302 of the lower surface 30. The
liquid recovery part 43 is disposed at the surrounding of the
optical path AT of the exposure light EL. The liquid recovery
part 43 is disposed to surround the optical path AT.

[0236] In addition, a plurality of the liquid recovery parts
43 may be disposed at the surrounding of the optical path AT
of the exposure light EL. The plurality of liquid recovery
parts 43 may be disposed with intervals in the surrounding
of the optical path AT.

[0237] In the present embodiment, the liquid recovery part
43 recovers at least a portion of the liquid L.Q in the second
space SP2, and does not recover the liquid LQ in the first
space SP1.

[0238] The liquid recovery part 43 (liquid recovery port)
is connected to a liquid recovery apparatus 43C via a
recovery channel (space) 43R formed inside the second
member 22. The liquid recovery apparatus 43C is able to
connect the liquid recovery part 43 and the vacuum system
(not shown). The liquid recovery part 43 is able to recover
at least a portion of the liquid LQ in the second space SP2.
At least a portion of the liquid LQ in the second space SP2
is able to flow into the recovery channel 43R via the liquid
recovery part 43 (liquid recovery port).

[0239] In the present embodiment, the liquid recovery part
43 includes a porous member 45. The liquid recovery port
includes holes of the porous member 45. In the present
embodiment, the porous member 45 includes a mesh plate.
The porous member 45 includes a lower surface to which the
upper surface of the substrate P (object) is able to be
opposite, an upper surface which faces the recovery channel
43R, and a plurality of holes which connect the lower
surface and the upper surface. The liquid recovery part 43
recovers the liquid LQ via holes of the porous member 45.
In the present embodiment, the region (recovery region) 302
of the lower surface 30 includes the lower surface of the
porous member 45. The liquid LQ in the second space SP2
recovered from the liquid recovery part 43 (the holes of the
porous member 45) flows into the recovery channel 43R,
flows through the recovery channel 43R, and is recovered by
the liquid recovery apparatus 43C.

[0240] In the present embodiment, the gas is recovered
along with the liquid LQ via the liquid recovery part 43. In
order words, the liquid recovery part 43 performs a gas-
liquid mixture recovery with respect to the fluid (one or both
of the liquid LQ and the gas) which exists in the second
space SP2. Moreover, only the liquid LQ may be recovered
via the porous member 45, and the recovery of the gas may
be limited. In addition, the porous member 45 may not be
provided at the second member 22. That is, the fluid (one or
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both of the liquid L.Q and the gas) in the second space SP2
may be recovered without going through the porous mem-
ber.

[0241] Inthe present embodiment, the lower surface of the
fluid recovery part 43 includes the lower surface of the
porous member 45. The lower surface of the fluid recovery
part 43 is disposed at the surrounding of the lower surface
30. In the present embodiment, the lower surface of the fluid
recovery part 43 is substantially parallel to the XY plane. In
the present embodiment, the lower surface of the fluid
recovery part 43 is positioned at more the +Z side than the
lower surface 30.

[0242] In addition, the lower surface of the fluid recovery
part 43 and the lower surface 30 may be disposed in the same
plane (may be flush with each other). The lower surface of
the fluid recovery part 43 may be disposed at more —Z. side
than the lower surface 30. Moreover, the lower surface of the
fluid recovery part 43 may be inclined with respect to the
lower surface 30, and may include a curved surface. For
example, the lower surface of the fluid recovery part 43
(porous member 45) may be upwardly and outwardly
inclined in the radial direction with respect to the optical
path AT (optical axis AX). Moreover, the heights (positions
in the Z axis direction) of the lower surface of the fluid
recovery part 43 (porous member 45) may not be the same
as the entire circumference of the surrounding of the second
opening part 28. For example, a portion of the lower surface
of the fluid recovery part 43 (porous member 45) positioned
at both sides in the Y axis direction of the second opening
part 28 may be lower than a portion of the lower surface of
the fluid recovery part 43 (porous member 45) positioned at
both sides in the X axis direction of the second opening part
28. For example, when the lower surface of the fluid
recovery part 43 (porous member 45) of the second member
22 is opposite to the surface of the substrate P, the shape of
the lower surface of the fluid recovery part 43 (porous
member 45) may be determined so that a size (the distance
in the Z axis direction) of a gap formed at one side in the Y
axis direction with respect to the optical path K of the
exposure light and is formed between the lower surface of
the fluid recovery part 43 (porous member 45) and the
surface of the substrate P is smaller than the size (the
distance in the Z axis direction) of a gap which is formed at
one side in the X axis direction with respect to the optical
path K of the exposure light and is formed between the lower
surface of the fluid recovery part 43 (porous member 45) and
the surface of the substrate P.

[0243] In the present embodiment, the recovery channel
43R is disposed outside the inner surface 31 with respect to
the optical path AT (optical axis AX). The recovery channel
43R is disposed above the liquid recovery part 43. By
moving the second member 22, the fluid recovery part 43
and the recovery channel 43R of the second member 22
move outside the outer surface 27 of the first member 21.

[0244] In the present embodiment, the recovery operation
of the liquid LQ from the liquid recovery part 43 is per-
formed in parallel with the supply operation of the liquid LQ
from the liquid supply part 41, and thus, the liquid immer-
sion space LS is formed by the liquid LQ between the
terminal optical element 13 and the liquid immersion mem-
ber 5 at one side and the substrate P (object) at the other side.
[0245] Moreover, in the present embodiment, the recovery
operation of the liquid L.Q from the liquid recovery part 42
is performed in parallel with the supply operation of the
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liquid LQ from the liquid supply part 41, and the recovery
part of the liquid LQ from the liquid recovery part 43.
[0246] In the present embodiment, the first interface LG1
is formed between the liquid recovery part 42 and the upper
surface 29. The second interface LG2 is formed between the
liquid recovery part 43 and the upper surface of the substrate
P (object).

[0247] In the present embodiment, the first interface LG1
is formed between the liquid recovery part 42 and the upper
surface 29, and the liquid LQ in the first space SP1 is
prevented from moving to the space (for example, the space
between the outer surface 27 and the inner surface 31)
outside the liquid recovery part 42. The liquid L.Q does not
exist in the space between the outer surface 27 and the inner
surface 31. The space between the outer surface 27 and the
inner surface 31 is a gas space. Accordingly, the second
member 22 is able to move smoothly.

[0248] Moreover, in the present embodiment, even when
the liquid LQ moves (flows) outside the first space SP1
(outside the outer surface 27) with respect to the optical path
AT, due to the inner surface 31, the liquid LQ is prevented
from moving (flowing out) to substrate P(second space
SP2).

[0249] In the present embodiment, the second member 22
is moved by an operation of a driving apparatus 46. For
example, the driving apparatus 46 includes a motor. The
driving apparatus 46 is able to move the second member 22
using Lorentz force. The driving apparatus 46 is able to
move the second member 22 in six directions of the X axis,
the Y axis, the Z axis, the 0X, the 0Y, and the 6Z directions.
The driving apparatus 46 is able to move the second member
22 with respect to the terminal optical element 13 and the
first member 21. The driving apparatus 46 is controlled by
the controller 6.

[0250] The second member 22 is movable in at least one
direction of the X axis, the Y axis, the Z axis, the 6X, the 0Y,
and the 07 directions.

[0251] In the present embodiment, the second member 22
is movable in at least the XY plane perpendicular to the
optical axis AX (Z axis) of the terminal optical element 13.
The second member 22 is able to move substantially parallel
with the XY plane.

[0252] In the present embodiment, the second member 22
is movable in at least the X axis direction substantially
perpendicular to the optical axis AX of the terminal optical
element 13. In the descriptions below, the second member 22
moves in only the direction parallel to the X axis among six
directions of the X axis, the Y axis, the Z axis, the 06X, the
0Y, and the 07 directions.

[0253] In the present embodiment, the first member 21 is
disposed in order to protect the terminal optical element 13.
The first member 21 is disposed at the surrounding of the
optical path AT in order to protect the terminal optical
element 13. The first member 21 functions as a protection
member which protects the terminal optical element 13.
[0254] At least a portion of the first member 21 functions
as a protection part which protects the terminal optical
element 13. In the present embodiment, each of the parts 211
and 212 of the first member 21 functions as the protection
part which protects the terminal optical element 13.

[0255] The part 211 of the first member 21 is disposed at
the surrounding of the optical path ATL to protect the
emitting surface 12 of the terminal optical element 13. At



US 2019/0049855 Al

least a portion of the part 211 is disposed below the emitting
surface 12 via a gap to protect the emitting surface 12.
[0256] The part 212 of the first member 21 is disposed at
the surrounding of the optical path ATO (terminal optical
element 13) to protect the outer surface 131 of the terminal
optical element 13. At least a portion of the part 212 is
disposed at the surrounding of the outer surface 131 via a
gap to protect the outer surface 131.

[0257] In the descriptions below, the part 211 of the first
member 21 is appropriately referred to as a protection part
211, and the part 212 is appropriately referred to as a
protection part 212.

[0258] Each of the protection part 211 and the protection
part 212 is disposed between the terminal optical element 13
and the second member 22 outside the optical path AT.
[0259] The first member 21 protects the terminal optical
element 13 from the second member 22. The first member 21
prevents contact (collision) between the movable second
member 22 and the terminal optical element 13.

[0260] At least a portion of the first member 21 decreases
a change in pressure in which the terminal optical element
13 receives from the liquid LQ in the liquid immersion space
LS. At least a portion of the first member 21 reduces the
change in the pressure in which the terminal optical element
13 receives from the liquid LQ in the liquid immersion space
LS. At least a portion of the first member 21 is able to
remove the change in the pressure in which the terminal
optical element 13 receives from the liquid LQ in the liquid
immersion space LS.

[0261] The second member 22 moves in a state where the
liquid immersion space LS is formed, and thus, the pressure
of the liquid LQ acting on the terminal optical element 13
may be changed. In order words, the second member 22
moves in a state where at least a portion of the second
member 22 is immersed into the liquid LQ in the liquid
immersion space LS, and thus, the pressure of the liquid LQ
acting on the terminal optical element 13 may be changed.
At least a portion of the first member 21 decreases the
change in the pressure in which the terminal optical element
13 receives from the liquid LQ in the liquid immersion space
LS due to the movement of the second member 22.

[0262] In the present embodiment, at least a portion of the
part 221 of the second member 22 moves in the state where
the portion is immersed into the liquid LQ in the liquid
immersion space LS. The part (protection part) 211 of the
first member 21, which is disposed between the terminal
optical element 13 and the part 221 of the second member
22, decreases the change in the pressure in which the
terminal optical element 13 receives from the liquid LQ in
the liquid immersion space LS.

[0263] The part (protection part) 211 forms a wall part 50
which is disposed between the terminal optical element 13
and the second member 22 (part 221). The wall part 50
partitions the space between the terminal optical element 13
and the first member 21 (part 211), and the space between
the first member 211 (part 211) and the second member 22
(part 221).

[0264] As shown in FIG. 5, in the descriptions below, a
portion of the wall part 50 including the region 241, the
region 251, and the region 252 is appropriately referred to as
a first wall part 51. The region including the region 242 and
the region 253 is appropriately referred to as a second wall
part 52. The first wall part 51 is a part closer to the optical
path AT (ATL) than the corner portion Ka and the corner
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portion Kc. The first wall part 51 is a part closer to the
optical path AT (ATL) than the second wall part 52. The first
wall part 51 is disposed below the second wall part 52.
[0265] Moreover, in the descriptions below, in the protec-
tion part 211, the part corresponding to the first wall part 51
is appropriately referred to as a first protection part 2111, and
the part corresponding to the second wall part 52 is appro-
priately referred to as a second protection part 2112.
[0266] In the present embodiment, the protection part 211
(wall part 50) includes the first opening part 23 through
which the exposure light EL is able to pass.

[0267] The protection part 211 includes a part 47 nearest
to the optical path AT (ATL) in the first member 21. In the
present embodiment, the inner edge part (corner portion Ks)
of the region 251 is the part 47 nearest to the optical path AT
in the first member 21.

[0268] In the present embodiment, the part 47 is the
lowermost part of the protection part 211. The part 47 is a
part nearest to the surface (upper surface) of the substrate P
(object) in the protection part 211.

[0269] The part 47 is disposed below the emitting surface
12 via a gap. The part 47 is disposed between the emitting
surface 12 and the substrate P (object).

[0270] The part 47 defines the first opening part 23. The
part 47 is disposed at the surrounding of the first opening
part 23. The part 47 defines at least a portion of the part of
the surrounding of the first opening part 23.

[0271] As shown in FIG. 6, the part 221 includes the
second opening part 28 through which the exposure light EL,
is able to pass.

[0272] The part 221 includes a part 48 nearest to the
optical path AT (ATL) in the second member 22. In the
present embodiment, the inner edge part (corner portion Kt)
of'the region 301 is the part 48 nearest to the optical path AT
in the second member 22.

[0273] In the present embodiment, the part 48 is the
lowermost part of the protection part 221. The part 48 is a
part nearest to the surface (upper surface) of the substrate P
(object) in the part 221.

[0274] The part 48 is disposed below the lower surface 25
via a gap. The part 48 is disposed between the lower surface
25 and the substrate P (object).

[0275] The part 48 defines the second opening part 28. The
part 48 is disposed at the surrounding of the second opening
part 28. The part 48 defines at least a portion of the part of
the surrounding of the second opening part 28.

[0276] With respect to the movement direction (X axis
direction) of the second member 22, a size of the second
opening part 28 is larger than the size of the first opening
part 23. In the state where the second member 22 is disposed
at the origin point, the part 48 of the second member 22 is
disposed outside the part 47 of the first member 21 with
respect to the optical path AT (ATL).

[0277] FIG. 8 is a view showing an example of the
operation of the second member 22. The second member 22
is movable within a movable range which is determined in
the XY plane. In the present embodiment, the second
member 22 moves within the movable range which is
determined in the X axis direction. FIG. 8 shows a state
where the second member 22 moves to the furthest —X side
within the movable range.

[0278] The second member 22 moves, and thus, the size of
the gap between the outer surface 27 of the first member 21
and the inner surface 31 of the second member 22 is
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changed. In order words, the second member 22 moves, and
the size of the space between the outer surface 27 and the
inner surface 31 is changed.

[0279] In the example shown in FIG. 8, the second mem-
ber 22 moves in the —X axis direction, and thus, the size of
the gap between the outer surface 27 and the inner surface
31 in the +X side with respect to the terminal optical element
13 is decreased (the space between the outer surface 27 and
the inner surface 31 is decreased). The second member 22
moves in the —X axis direction, and thus, the size of the gap
between the outer surface 27 and the inner surface 31 in the
-X side with respect to the terminal optical element 13 is
increased (the space between the outer surface 27 and the
inner surface 31 is increased).

[0280] The second member 22 moves in the +X axis
direction, and thus, the size of the gap between the outer
surface 27 and the inner surface 31 in the +X side with
respect to the terminal optical element 13 is increased (the
space between the outer surface 27 and the inner surface 31
is increased). The second member 22 moves at the +X axis
direction, and thus, the size of the gap between the outer
surface 27 and the inner surface 31 at the -X side with
respect to the terminal optical element 13 is decreased (the
space between the outer surface 27 and the inner surface 31
is decreased).

[0281] For example, the movable range of the second
member 22 may be determined so that the first member 21
(outer surface 29) and the second member 22 (inner surface
30) do not contact each other.

[0282] In the present embodiment, the part 48 of the
second member 22 is continuously disposed outside the part
47 of the first member 21 with respect to the optical path AT
(ATL).

[0283] In the present embodiment, even when the second
member 22 moves with respect to the first member 21, the
part 48 of the second member 22 is continuously disposed
outside the part 47 of the first member 21 with respect to the
optical path AT (ATL). In a movement period in which the
second member 22 moves within the movable range, the part
48 of the second member 22 is continuously disposed
outside the part 47 of the first member 21 with respect to the
optical path AT (ATL).

[0284] For example, the movable range of the second
member 22 may be determined so that the part 48 of the
second member 22 is continuously disposed outside the part
47 of the first member 21 with respect to the optical path AT
(ATL).

[0285] Based on the movable range of the second member
22 which is determined so that the first member 21 and the
second member 22 do not contact each other in order to
continuously dispose the part 48 of the second member 22
outside the part 47 of the first member 21 with respect to the
optical path AT (ATL), one or both of the size of the first
opening part 23 and the size of the second opening part 28
in the movement direction (X axis direction) of the second
member 22 may be determined.

[0286] The movable range of the second member 22 may
be determined to not contact the first member 21 and the
second member 22 to each other, based on one or both of the
size of the first opening part 23 and the size of the second
opening part 28 in the movement direction (X axis direction)
of the second member 22 so that the part 48 of the second
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member 22 is continuously disposed outside the part 47 of
the first member 21 with respect to the optical path AT
(ATL).

[0287] As shown in FIG. 8, in the state where the second
member 22 moves to the furthest -X side in the movable
range, the part 48 of the second member 22 is disposed
outside the part 47 of the first member 21 at the +X side with
respect to the optical path AT (optical axis AX). Moreover,
in the state where the second member 22 moves to the
furthest -X side in the movable range, the part 48 of the
second member 22 is disposed outside the part 47 of the first
member 21 at the —X side with respect to the optical path AT
(optical axis AX).

[0288] Moreover, in a state where the second member 22
moves to the furthest +X side in the movable range, the part
48 of the second member 22 is disposed outside the part 47
of the first member 21 at the —X side with respect to the
optical path AT (optical axis AX). In addition, in the state
where the second member 22 moves to the furthest +X side
in the movable range, the part 48 of the second member 22
is disposed outside the part 47 of the first member 21 at the
+X side with respect to the optical path AT (optical axis AX).
[0289] In the movement period of the second member 22
which moves within the movable range, the protection part
211 (wall part 50) is disposed between the terminal optical
element 13 and the second member 22 so that the terminal
optical element 13 and the second member 22 (part 221) are
not opposite to each other. In order words, in the movement
period in which the second member 22 moves within the
movable range, the protection part 211 is always disposed
between the terminal optical element 13 and the second
member 22 (part 221). The protection part 211 prevents the
terminal optical element 13 and the second member 22 (part
221) from being opposite to each other.

[0290] In the present embodiment, the second member 22
(part 221) moves below the region 253 of the lower surface
25. That is, the part 48 of the second member 22 moves
below the lower surface 25 so that the part 48 of the second
member 22 does not move inside the inner edge (corner
portion Kc) of the region 253 in the radial direction with
respect to the optical axis AX. In order words, the second
member 22 (the part 48 of the second member 22) moves
outside the region 251 and the region 252 with respect to the
optical path AT (ATL).

[0291] Moreover, the second member 22 (part 221) may
move below the region 252 and the region 253 of the lower
surface 25. That is, the part 48 of the second member 22
moves below the lower surface 25 so that the part 48 of the
second member 22 does not move inside the inner edge
(corner portion Kb) of the region 252 in the radial direction
with respect to the optical axis AX. In order words, the
second member 22 (the part 48 of the second member 22)
may move outside the region 251 with respect to the optical
path AT (ATL).

[0292] That is, the second member 22 may move below
the recessed part 16 of the first member 21.

[0293] As shown in FIGS. 7 and 8, the part 47 of the
lowermost part of the protection part 211 (wall part 50) is
disposed above the upper surface 29 of the second member
22. A gap is formed between the first member 21 and the
upper surface 29 outside the part 47 with respect to the
optical path AT (ATL). The size (distance) Gla of the gap
between the part 47 and the upper surface 29 is smaller than
the size (distance) G154 of the gap between the first member
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21 and the upper surface 29 with respect to the z axis
direction parallel to the optical axis AX of the terminal
optical element 13.

[0294] The size Gla is the distance between the part 47
and the region 292 in the Z axis direction. The size G15b is
the distance between the region 252 or the region 253 and
the region 292 in the Z axis direction.

[0295] The size Gla may be the distance between the part
47 and the region 291 in the Z axis direction. The size G154
may be the distance between the region 252 or the region
253 and the region 291 in the Z axis direction.

[0296] Next, an example of the operation of the second
member 22 will be described.

[0297] The second member 22 is movable in cooperation
with the movement of the substrate P (object). The second
member 22 is movable independent from the substrate P
(object). The second member 22 is movable in parallel with
at least a portion of the movement of the substrate P (object).
[0298] The second member 22 may move in parallel with
at least a part of a period in which the substrate P (object)
moves. The second member 22 may move in a movement
direction of the substrate P (object). For example, in at least
a part of the period in which the substrate P moves, the
second member 22 is movable in the movement direction of
the substrate P. For example, when the substrate P moves in
one direction (for example, +X axis direction) in the XY
plane, the second member 22 is movable in one direction
(the +X axis direction) in the XY plane in synchronization
with the movement of the substrate P.

[0299] The second member 22 is movable in a state where
the liquid immersion space LS is formed. The second
member 22 is movable in a state where the second member
22 contacts the liquid LQ in the liquid immersion space LS.
The second member 22 is movable in a state where the liquid
LQ exists in the first space SP1 and the second space SP2.
[0300] The second member 22 is movable in parallel with
the supply of the liquid LQ from the liquid supply part 41.
[0301] The second member 22 is movable in parallel with
the recovery of the liquid LQ from the liquid recovery part
42. The second member 22 is movable in parallel with the
recovery of the liquid LQ from the liquid recovery part 43.
[0302] The second member 22 is movable in parallel with
the supply of the liquid LQ from the liquid supply part 41
and the recovery of the liquid LQ from the liquid recovery
part 42 (liquid recovery part 43).

[0303] The second member 22 is movable in at least a part
of a period in which the exposure light EL is emitted from
the emitting surface 12.

[0304] The second member 22 is movable in parallel with
at least a part of a period in which the substrate P (object)
moves in the state where the liquid immersion space LS is
formed.

[0305] The second member 22 is movable in at least a part
of a period in which the exposure light EL is emitted from
the emitting surface 12 in the state where the liquid immer-
sion space LS is formed.

[0306] The second member 22 may move in a state where
the second member 22 and the substrate P (object) are not
opposite to each other. For example, the second member 22
may move in a state where the object does not exist below
the second member 22.

[0307] The second member 22 may move in the state
where the liquid L.Q does not exist in the space between the
second member 22 and the substrate P (object). For example,
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the second member 22 may move in the state where the
liquid immersion space LS is not formed.

[0308] In the present embodiment, for example, the sec-
ond member 22 moves based on movement conditions of the
substrate P (object). For example, the controller 6 moves the
second member 22 in parallel with at least a portion of the
movement of the substrate P (object) based on the movement
conditions of the substrate P (object).

[0309] The controller 6 moves the second member 22
while performing the supply of the liquid L.Q from the liquid
supply part 41, the recovery of the liquid LQ from the liquid
recovery part 42, and the recovery of the liquid L.Q from the
liquid recovery part 43 so that the liquid immersion space LS
is continuously formed.

[0310] In the present embodiment, the second member 22
is movable so that a relative movement between the second
member 22 and the substrate P (object) is decreased. In
addition, the second member 22 is movable so that the
relative movement between the second member 22 and the
substrate P (object) is smaller than the relative movement
between the first member 21 and the substrate P (object).
The relative movement includes at least one of a relative
speed and a relative acceleration.

[0311] For example, the second member 22 may move in
synchronization with the substrate P (object). The second
member 22 may move to follow the substrate P (object).

[0312] The second member 22 is movable so that the
relative speed between the second member 22 and the
substrate P (object) is decreased. For example, in the state
where the liquid immersion space LS is formed, that is, in a
state where the liquid LQ exists in the second space SP2, the
second member 22 may move so that the relative speed
between the second member 22 and the substrate P (object)
is decreased.

[0313] In addition, the second member 22 is movable so
that the relative acceleration between the second member 22
and the substrate P (object) is decreased. For example, in the
state where the liquid immersion space LS is formed, that is,
in a state where the liquid LQ exists in the second space SP2,
the second member 22 may move so that the relative
acceleration between the second member 22 and the sub-
strate P (object) is decreased.

[0314] In addition, the second member 22 is movable so
that the relative speed between the second member 22 and
the substrate P (object) is smaller than the relative speed
between the first member 21 and the substrate P (object). For
example, in the state where the liquid immersion space LS
is formed, that is, in a state where the liquid LQ exists in the
second space SP2, the second member 22 may move so that
the relative speed between the second member 22 and the
substrate P (object) is smaller than the relative speed
between the first member 21 and the substrate P (object).

[0315] In addition, the second member 22 is movable so
that the relative acceleration between the second member 22
and the substrate P (object) is smaller than the relative
acceleration between the first member 21 and the substrate
P (object). For example, in the state where the liquid
immersion space LS is formed, that is, in the state where the
liquid LQ exists in the second space SP2, the second
member 22 may move so that the relative acceleration
between the second member 22 and the substrate P (object)
is smaller than the relative acceleration between the first
member 21 and the substrate P (object).
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[0316] For example, the second member 22 is movable in
the movement direction of the substrate P (object). For
example, when the substrate P (object) moves in the +X axis
direction, the second member 22 is movable in the +X axis
direction. When the substrate P (object) moves in the —-X
axis direction, the second member 22 is movable in the -X
axis direction. In addition, when the substrate P (object)
moves in the +Y axis direction (or the -Y axis direction)
while moving in the +X axis direction, the second member
22 is movable in the +X axis direction. Moreover, when the
substrate P (object) moves in the +Y axis direction (or the
-Y axis direction) while moving in the —X axis direction, the
second member 22 is movable in the -X axis direction.
[0317] That is, in the present embodiment, when the
substrate P (object) moves in the direction which includes
the component of the X axis direction, the second member
22 moves in the X axis direction. For example, the second
member 22 may move in the X axis direction in parallel with
at least a portion of the movement of the substrate P (object)
in the direction including the component in the X axis
direction.

[0318] Moreover, the second member 22 is movable in the
Y axis direction. When the substrate P (object) moves in the
direction including the component in the Y axis direction,
the second member 22 may move in the Y axis direction. For
example, the second member 22 may move in the Y axis
direction so that the differences of the relative speeds
between the second member 22 and the substrate P (object)
are decreased in parallel with at least a portion of the
movement of the substrate P (object) in the direction includ-
ing the component in the Y axis direction.

[0319] Next, a method of exposing the substrate P using
the above-described exposure apparatus EX will be
described.

[0320] In the description below, in order to form the liquid
immersion space LS, the liquid LQ is supplied from the
liquid supply part 41, and the liquid LQ is recovered from
each of the liquid recovery part 42 and the liquid recovery
part 43.

[0321] In addition, in order to form the liquid immersion
space LS, for example, the liquid LQ is supplied from the
liquid supply part 41, the liquid LQ is recovered from the
liquid recovery part 43, and the liquid LQ may not be
recovered from the liquid recovery part 42.

[0322] In a substrate exchange position away from the
liquid immersion member 5, processing which carries
(loads) the substrate P before the exposure to the substrate
stage 2 (first holding part) is performed. In at least a portion
of a period in which the substrate stage 2 is away from the
liquid immersion member 5, the measurement stage 3 is
disposed to be opposite to the terminal optical element 13
and the liquid immersion member 5. The controller 6
performs the supply of the liquid LQ from the liquid supply
part 41, the recovery of the liquid LQ from the liquid
recovery part 42, and the recovery of the liquid L.Q from the
liquid recovery part 43, and thus, forms the liquid immersion
space LS on the measurement stage 3.

[0323] After the substrate P before the exposure is loaded
on the substrate stage 2 and the measurement processing
using the measurement stage 3 is terminated, the controller
6 moves the substrate stage 2 so that the terminal optical
element 13 and the liquid immersion member 5 are opposite
to the substrate stage 2 (substrate P). In the state where the
terminal optical element 13 and the liquid immersion mem-
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ber 5 are opposite to the substrate stage 2 (substrate P), the
recovery of the liquid LQ from the liquid recovery part 42
and the recovery of the liquid LQ from the liquid recovery
part 43 are performed in parallel with the supply of the liquid
LQ from the liquid supply part 41, and thus, the liquid
immersion space LS is formed between the terminal optical
element 13 and the liquid immersion member 5, and the
substrate stage 2 (substrate P) so that the optical path ATL
is filled with the liquid LQ.

[0324] The controller 6 starts the exposure processing of
the substrate P. In the state where the liquid immersion space
LS is formed on the substrate P, the controller 6 emits the
exposure light EL. from the illumination system IL. The
illumination system IL illuminates the mask M with the
exposure light EL. The exposure light EL. from the mask M
is radiated to the substrate P via the liquid LQ in the liquid
immersion space LS between the projection optical system
PL and the emitting surface 12, and the substrate P. Accord-
ingly, the substrate P is exposed by the exposure light EL
which is emitted from the emitting surface 12 via the liquid
LQ in the liquid immersion space LS between the emitting
surface 12 of the terminal optical element 13 and the
substrate P, and the image of the pattern of the mask M is
projected to the substrate P.

[0325] The exposure apparatus EX of the present embodi-
ment is a scanning type exposure apparatus (a so-called
scanning stepper) in which the mask M and the substrate P
synchronously move in a predetermined scanning direction
and the image of the pattern of the mask M is projected to
the substrate P. In the present embodiment, the scanning
direction of the substrate P (synchronous movement direc-
tion) is set to the Y axis direction, and the scanning direction
(synchronous movement direction) of the mask M is also set
to the Y axis direction. The controller 6 radiates the exposure
light EL to the substrate P via the projection optical system
PL and the liquid LQ in the liquid immersion space LS on
the substrate P while moving the substrate P in the Y axis
direction with respect to the projection region PR of the
projection optical system PL. and moving the mask M in the
Y axis direction with respect to the illumination region IR of
the illumination system IL in synchronization with the
movement in the Y axis direction of the substrate P.
[0326] FIG. 9 is a view showing an example of the
substrate P which is held by the substrate stage 2. In the
present embodiment, a plurality of shot regions S, which are
regions to be exposed on the substrate P, are arranged in a
matrix form. The controller 6 sequentially exposes the
plurality of shot regions S of the substrate P by the exposure
light EL emitted from the emitting surface 12 via the liquid
LQ in the liquid immersion space LS between the emitting
surface 12 and the substrate P while moving the substrate P
held in the first holding part in the Y axis direction (scanning
direction) with respect to the exposure light EL emitted from
the emitting surface 12 of the terminal optical element 13.
[0327] For example, in order to expose one shot region S
of the substrate P, in the state where the liquid immersion
space LS is formed, the controller 6 radiates the exposure
light EL to the shot region S via the projection optical system
PL and the liquid LQ in the liquid immersion space LS on
the substrate P while moving the substrate P in the Y axis
direction with respect to the exposure light EL emitted from
the emitting surface 12 (the projection region PR of the
projection optical system PL), and moving the mask M in
the Y axis direction with respect to the illumination region
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IR of the illumination system IL in synchronization with the
movement in the Y axis direction of the substrate P. Accord-
ingly, the image of the pattern of the mask M is projected to
the shot region S, and the shot region S is exposed by the
exposure light EL which is emitted from the emitting surface
12.

[0328] After the exposure of the shot region S is termi-
nated, in order to start the exposure of a next shot region S,
in the state where the liquid immersion space LS is formed,
the controller 6 moves the substrate P in the direction (for
example, X axis direction, directions which are inclined in
the X axis direction and Y axis direction in the XY plane, or
the like) which intersects the Y axis in the XY plane, and
moves the next shot region S to an exposure starting
position. Thereafter, the controller 6 starts the exposure of
the shot region S.

[0329] The controller 6 repeats the operation which
exposes the shot region while moving the shot region in the
Y axis direction with respect to the position (projection
region PR) radiated with the exposure light EL. from the
emitting surface 12 in the state where the liquid immersion
space LS is formed above the substrate P (substrate stage 2),
and after the exposure of the shot region, the operation
which moves the substrate P in the direction (for example,
X axis direction, directions which are inclined in the X axis
direction and Y axis direction in the XY plane, or the like)
which intersects the Y axis direction in the XY plane so that
the next shot region is disposed at the exposure starting
position in the state where the liquid immersion space LS is
formed on the substrate P (substrate stage 2), and the
controller sequentially exposes the plurality of shot regions
of the substrate P.

[0330] In the descriptions below, the operation, which
moves the substrate P (shot region) in the Y axis direction
with respect to the position (projection region PR) radiated
with the exposure light EL. from the emitting surface 12 in
the state where the liquid immersion space LS is formed
above the substrate P (substrate stage 2) in order to expose
the shot region, is appropriately referred to as a scan
movement operation. Moreover, the operation, which moves
the substrate P in the XY plane before the exposure of the
next shot region starts in the state where the liquid immer-
sion space LS is formed on the substrate P (substrate stage
2) after the exposure of a predetermined shot region is
terminated, is appropriately referred to as a step movement
operation.

[0331] In the present embodiment, the scan movement
operation includes an operation in which the substrate P
moves in the Y axis direction from a state where a prede-
termined shot region S is disposed at the exposure starting
position to a state where the predetermined shot region is
disposed at the exposure termination position. The step
movement operation includes an operation in which the
substrate P moves in a direction intersecting the Y axis
direction in the XY plane from a state where a predetermined
shot region S is disposed at the exposure termination posi-
tion to a state where the next shot region S is disposed at the
exposure starting position.

[0332] The exposure starting position includes a position
of the substrate P when one end in the Y axis direction of a
predetermined shot region S passes through the projection
region PR in order to expose the shot region S. The exposure
termination position includes a position of the substrate P
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when the other end in the Y axis direction of the shot region
S radiated by the exposure light EL. passes through the
projection region PR.

[0333] The exposure starting position of the shot region S
includes a starting position of the scan movement operation
in order to expose the shot region S. The exposure starting
position of the shot region S includes a termination position
of the step movement operation in order to dispose the shot
region S at the exposure starting position.

[0334] The exposure termination position of the shot
region S includes a termination position of the scan move-
ment operation in order to expose the shot region S. The
exposure termination position of the shot region S includes
a starting position of the step movement operation in order
to dispose the next shot region S at the exposure starting
position after the exposure of the shot region S is terminated.
[0335] In the descriptions below, a period, in which the
scan movement operation is performed in order to expose a
predetermined shot region S, is appropriately referred to as
a scan movement period. In the descriptions below, a period,
in which the step movement operation is performed in order
to start the exposure of the next shot region S after the
exposure termination of a predetermined shot region S, is
appropriately referred to as a step movement period.
[0336] The scan movement period includes the exposure
period from the exposure start of a predetermined shot
region S to the exposure termination. The step movement
period includes a movement period of the substrate P from
the exposure termination of a predetermined shot region S to
the exposure start of the next shot region S.

[0337] In the scan movement operation, the exposure light
EL is emitted from the emitting surface 12. In the scan
movement operation, the exposure light EL is radiated to the
substrate P (object). In the step movement operation, the
exposure light EL is not emitted from the emitting surface
12. In the step movement operation, the exposure light EL.
is not radiated to the substrate P (object).

[0338] The controller 6 sequentially exposes the plurality
of shot regions S of the substrate P while repeating the scan
movement operation and the step movement operation.
Moreover, the scan movement operation is an equal speed
movement mainly in the Y axis direction. The step move-
ment operation includes acceleration and deceleration
movements. For example, the step movement operation
from the exposure termination of a predetermined shot
region S to the exposure start of the next shot region S
includes one or both of the acceleration and deceleration
movement in the Y axis direction and the acceleration and
deceleration movement in the X axis direction.

[0339] Moreover, there is a case where at least a portion of
the liquid immersion space LS may be formed above the
substrate stage 2 (cover member T) in at least a portion of
the scan movement operation and the step movement opera-
tion. There is a case where the liquid immersion space LS
may be formed over the substrate P and the substrate stage
2 (cover member T) in at least a portion of the scan
movement operation and the step movement operation.
When the exposure of the substrate P is performed in a state
where the substrate stage 2 and the measurement stage 3
approach or contact each other, there is a case where the
liquid immersion space LS may be formed over the substrate
stage 2 (cover member T) and the measurement stage 3 in at
least a portion of the scan movement operation and the step
movement operation.
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[0340] The controller 6 controls the driving system 15
based on exposure conditions of the plurality of shot regions
S on the substrate P and moves the substrate P (substrate
stage 2). For example, the exposure conditions of the
plurality of shot regions S are defined by exposure control
information referred to as an exposure recipe. The exposure
control information is stored in the storage apparatus 7.

[0341] The exposure conditions (exposure control infor-
mation) include arrangement information of the plurality of
shot region S (the position of each of the plurality of shot
regions S in the substrate P). Moreover, the exposure con-
ditions (exposure control information) include size informa-
tion (size information with respect to the Y axis direction) of
each of the plurality of shot regions S.

[0342] The controller 6 sequentially exposes the plurality
of shot regions S while moving the substrate P by a
predetermined movement condition based on the exposure
conditions (exposure control information) stored in the
storage apparatus 7. The movement conditions of the sub-
strate P (object) include at least one of the movement speed,
the acceleration, the movement distance, the movement
direction, and the movement locus in the XY plane.

[0343] As an example, when the plurality of shot regions
S are sequentially exposed, the controller 6 radiates the
exposure light EL to the projection region PR while moving
substrate stage 2 so that the projection region PR of the
projection optical system PL and the substrate P are rela-
tively moved along the movement locus shown by an arrow
Sr in FIG.9, and sequentially exposes the plurality of shot
regions S via the liquid LQ by the exposure light EL.. The
controller 6 sequentially exposes the plurality of shot
regions S while repeating the scan movement operation and
the step movement operation.

[0344] In the present embodiment, the second member 22
moves in at least a portion of the exposure processing of the
substrate P. For example, the second member 22 moves in
parallel with at least a portion of the step movement opera-
tion of the substrate P (substrate stage 2) in the state where
the liquid immersion space LS is formed. For example, the
second member 22 moves in parallel with at least a portion
of the scan movement operation of the substrate P (substrate
stage 2) in the state where the liquid immersion space LS is
formed. The exposure light EL is emitted from the emitting
surface 12 in parallel with the movement of the second
member 22.

[0345] For example, the second member 22 may move so
that the relative movement (relative speed, relative accel-
eration) between the second member 22 and the substrate P
(substrate stage 2) is smaller than the relative movement
(relative speed, relative acceleration) between the first mem-
ber 21 and the substrate P (substrate stage 2) when the
substrate P (substrate stage 2) performs the step movement
operation.

[0346] Moreover, the second member 22 may move so
that the relative movement (relative speed, relative accel-
eration) between the second member 22 and the substrate P
(substrate stage 2) is smaller than the relative movement
(relative speed, relative acceleration) between the first mem-
ber 21 and the substrate P (substrate stage 2) when the
substrate P (substrate stage 2) performs the scan movement
operation.

[0347] In addition, the second member 22 may not move
during the scan movement operation. That is, the second
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member 22 may not move in parallel with the emission of
the exposure light EL. from the emitting surface 12.

[0348] FIG. 10 is a schematic view showing an example of
the operation of the second member 22. FIG. 10 is a view of
the second member 22 as seen from the upper side.

[0349] In the present embodiment, the second member 22
moves in the X axis direction. Moreover, as described above,
the second member 22 may move in the Y axis direction, and
may move in an arbitrary direction in the XY plane includ-
ing the components in the X axis direction (or Y axis
direction).

[0350] The second member 22 moves within the movable
range which is defined in the X axis direction. The movable
range of the second member 22 is determined so that the
exposure light EL. from the emitting surface 12 passes
through the first opening part 23 and the second opening part
28 and the second member 22 does not contact the first
member 21.

[0351] In at least a portion of the period in which the
substrate P (object) moves, as shown in FIGS. 10(A) to
10(E), the second member 22 moves in the X axis direction.
FIG. 10(A) shows a state where the second member 22 is
disposed at a position Jr which is the further +X side end in
the movable range. FIG. 10(C) shows a state where the
second member 22 is disposed at a center position Jm in the
movable range. FIG. 10(E) shows a state where the second
member 22 is disposed at a position Js which is the further
-X side end in the movable range.

[0352] In the descriptions below, the position Jr of the
second member 22 shown in FIG. 10(A) is appropriately
referred to as a first end position Jr. The position Jm of the
second member 22 shown in FIG. 10(C) is appropriately
referred to as a center position Jm. The position Js of the
second member 22 shown in FIG. 10(E) is appropriately
referred to as a second end position Js.

[0353] In addition, FIG. 10(B) shows a state where the
second member 22 is disposed at a position Jrm between the
first end position Jr and the center position Jm. FIG. 10(D)
shows a state where the second member 22 is disposed at a
position Jsm between the second end position Js and the
center position Jm.

[0354] Moreover, in the present embodiment, the state
where the second member 22 is disposed at the center
position Jm includes a state where the center of the second
opening part 28 of the second member 22 substantially
coincides with the optical axis AX of the terminal optical
element 13. The position of the second member 22, in which
the center of the second opening part 28 coincides with the
optical axis AX, may also be referred to as an origin point.

[0355] The size of the movable range of the second
member 22 includes the distance between the first end
position Jr and the second end position Js in the X axis
direction.

[0356] The controller 6 is able to make the positions of the
second member 22 with respect to the terminal optical
element 13 (projection region PR) be different to each other.
The controller 6 is able to move the second member 22
between two positions which are selected from the position
Jr, the position Jrm, the position Jm, the position Jsm, and
the position Js. The controller 6 is able to stop the second
member 22 in at least one of the position Jr, the position Jrm,
the position Jm, the position Jsm, and the position Js. The
controller 6 may stop the second member 22 at arbitrary
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positions, which are not limited to the position Jr, the
position Jrm, the position Jm, the position Jsm, and the
position Js.

[0357] The movement distance of the second member 22
between the position Jr and the position Jm is longer than the
movement distance of the second member 22 between the
position Jrm and the position Jm. The movement distance of
the second member 22 between the position Js and the
position Jm is longer than the movement distance of the
second member 22 between the position Jsm and the Jm.
[0358] The controller 6 is able to move the second mem-
ber 22 according to determined movement conditions. The
movement conditions of the second member 22 include at
least one of the movement direction, the movement speed,
the acceleration, and the movement distance. The controller
6 is able to control at least one of the movement direction,
the movement speed, the acceleration, and the movement
distance of the second member 22.

[0359] In the present embodiment, in the state where the
second member 22 is disposed at the first end position Jr, the
part 48 of the second member 22 is disposed outside the part
47 of the first member 21 with respect to the optical path AT.
In the state where the second member 22 is disposed at the
second end position Js, the part 48 of the second member 22
is disposed outside the part 47 of the first member 21 with
respect to the optical path AT.

[0360] In the present embodiment, even in a state where
the second member 22 is disposed at at least one of the
position Jr, the position Jrm, the position Jm, the position
Jsm, and the position Js, the part 48 of the second member
22 is continuously disposed outside the part 47 of the first
member 21 with respect to the optical path AT.

[0361] FIG. 11 is a view schematically showing an
example of the movement locus of the substrate P when
sequentially exposing a shot region Sa, a shot region Sb, and
a shot region Sc while performing the step movement which
includes the components in the +X axis direction on the
substrate P. The shot regions Sa, Sb, and Sc are disposed in
the X axis direction.

[0362] As shown in FIG. 11, when the shot regions Sa, Sb,
and Sc are exposed, the substrate P sequentially moves a
pathway Tpl from a state where the projection region PR is
disposed at a position d1 of the substrate P to a state where
the projection region PR is disposed at a position d2 adjacent
at the +Y side with respect to the position d1, a pathway Tp2
from the state where the projection region PR is disposed at
the position d2 to a state where the projection region PR is
disposed at a position d3 adjacent at the +X side with respect
to the position d2, a pathway Tp3 from the state where the
projection region PR is disposed at the position d3 to a state
where the projection region PR is disposed at a position d4
adjacent at the —-Y side with respect to the position d3, a
pathway Tp4 from the state where the projection region PR
is disposed at the position d4 to a state where the projection
region is disposed at a position d5 adjacent at the +X side
with respect to the position d4, and a pathway Tp5 from the
state where the projection region PR is disposed at the
position d5 to a state where the projection region PR is
disposed at a position d6 adjacent at the +Y side with respect
to the position d5, under the terminal optical element 13. The
positions d1, d2, d3, d4, d5, and d6 are positions in the XY
plane.

[0363] At least a portion of the pathway Tpl is a straight
line parallel to the Y axis. At least a portion of the pathway
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Tp3 is a straight line parallel to the Y axis. At least a portion
of the pathway Tp5 is a straight line parallel to the Y axis.
The pathway Tp2 includes a curved line passing through a
position d2.5. The pathway Tp4 includes a curved line
passing through a position d4.5. The position d1 includes the
start point of the pathway Tp1, and the position d2 includes
the end point of the pathway Tpl. The position d2 includes
the start point of the pathway Tp2, and the position d3
includes the end point of the pathway Tp2. The position d3
includes the start point of the pathway Tp3, and the position
d4 includes the end point of the pathway Tp3. The position
d4 includes the start point of the pathway Tpd, and the
position d5 includes the end point of the pathway Tp4. The
position d5 includes the start point of the pathway Tp5, and
the position dé6 includes the end point of the pathway Tp5.
The pathway Tpl is a pathway on which the substrate P
moves in the -Y axis direction. The pathway Tp3 is a
pathway on which the substrate P moves in the +Y axis
direction. The pathway Tp5 is a pathway on which the
substrate P moves in the —Y axis direction. The pathway Tp2
and the pathway Tp4 are pathways on which the substrate P
moves in the direction which has the —X axis direction as the
main component.

[0364] When the substrate P moves the pathway Tp1 in the
state where the liquid immersion space LS is formed, the
exposure light EL is radiated to the shot region Sa via the
liquid LQ. When the substrate P moves the pathway Tp3 in
the state where the liquid immersion space LS is formed, the
exposure light EL is radiated to the shot region Sb via the
liquid LQ. When the substrate P moves the pathway Tp5 in
the state where the liquid immersion space LS is formed, the
exposure light EL is radiated to the shot region Sc via the
liquid LQ. When the substrate P moves the pathway Tp2 and
the pathway Tp4, the exposure light EL is not radiated.
[0365] The operation in which the substrate P moves the
pathway Tp1, the operation in which the substrate P moves
the pathway Tp3, and the operation in which the substrate P
moves the pathway Tp5 each include the scan movement
operation. Moreover, the operation in which the substrate P
moves the pathway Tp2 and the operation in which the
substrate P moves the pathway Tp4 each include the step
movement operation.

[0366] That is, the period in which the substrate P moves
the pathway Tpl, the period in which the substrate P moves
the pathway Tp3, and the period in which the substrate P
moves the pathway Tp5 each include the scan movement
period (exposure period). The period in which the substrate
P moves the pathway Tp2 and the period in which the
substrate P moves the pathway Tp4 each include the step
movement period.

[0367] FIGS. 12 and 13 are schematic views showing an
example of the operation of the second member 22 when the
shot regions Sa, Sb, and Sc are exposed. FIGS. 12 and 13 are
view of the second member 22 as seen from the upper side.
[0368] When the substrate P is positioned at the position
d1, as shown in FIG. 12(A), the second member 22 is
positioned at the position Js with respect to the projection
region PR (the optical path AT of the exposure light EL).
[0369] When the substrate P is positioned at the position
d2, as shown in FIG. 12(B), the second member 22 is
positioned at the position Jr with respect to the projection
region PR (the optical path AT of the exposure light EL).
That is, during the scan movement operation of the substrate
P from the position d1 to the position d2, the second member
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22 moves in the +X axis direction reverse to the direction
(=X axis direction) of the step movement of the substrate P.
During the scan movement operation of the substrate P from
the position d1 to the position d2, the second member 22
moves from the position Js to the position Jr via the position
Jsm, the position Jm, and the position Jrm. In order words,
when the substrate P moves the pathway Tpl, the second
member 22 moves in the +X axis direction so that the second
member 22 is changed from the state shown in FIG. 12(A)
to the state shown in FIG. 12(B).

[0370] When the substrate P is positioned at the position
d2. 5, as shown in FIG. 12(C), the second member 22 is
positioned at the position Jm with respect to the projection
region PR (the optical path AT of the exposure light EL).
[0371] When the substrate P is positioned at the position
d3, as shown in FIG. 12(D), the second member 22 is
disposed at the position Js with respect to the projection
region PR (the optical path AT of the exposure light EL).
That is, during the step movement operation of the substrate
P from the position d2 to the position d3, the second member
22 moves in the -X axis direction which is the same as the
direction (-X axis direction) of the step movement of the
substrate P. During the step movement operation of the
substrate P from the position d2 to the position d3, the
second member 22 moves from the position Jr to the position
Jm via the position Jrm, the position Jm, and the position
Jsm. In other words, when the substrate P moves the
pathway Tp2, the second member 22 moves in the —X axis
direction so that the second member 22 is changed from the
state shown in FIG. 12(B) to the state shown in FIG. 12(D)
via the state shown in FIG. 12(C).

[0372] When the substrate P is positioned at the position
d4, as shown in FIG. 13(A), the second member 22 is
disposed at the position Jr with respect to the projection
region PR (the optical path AT of the exposure light EL).
That is, during the scan movement operation of the substrate
P from the position d3 to the position d4, the second member
22 moves in the +X axis direction reverse to the direction
(=X axis direction) of the step movement of the substrate P.
During the scan movement operation of the substrate P from
the position d3 to the position d4, the second member 22
moves from the position Js to the position Jr via the position
Jsm, the position Jm, and the position Jrm. In other words,
when the substrate P moves the pathway Tp3, the second
member 22 moves in the +X axis direction so that the second
member 22 is changed from the state shown in FIG. 12(D)
to the state shown in FIG. 13(A).

[0373] When the substrate P is positioned at the position
d4.5, as shown in FIG. 13(B), the second member 22 is
positioned at the position Jm with respect to the projection
region PR (the optical path AT of the exposure light EL).
[0374] When the substrate P is positioned at the position
d5, as shown in FIG. 13(C), the second member 22 is
disposed at the position Js with respect to the projection
region PR (the optical path AT of the exposure light EL).
That is, during the step movement operation of the substrate
P from the position d4 to the position d5, the second member
22 moves in the -X axis direction which is the same as the
direction (-X axis direction) of the step movement of the
substrate P. During the step movement operation of the
substrate P from the position d4 to the position d5, the
second member 22 moves from the position Jr to the position
Jm via the position Jrm, the position Jm, and the position
Jsm. In other words, when the substrate P moves the
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pathway Tp4, the second member 22 moves in the -X axis
direction so that the second member 22 is changed from the
state shown in FIG. 13(A) to the state shown in FIG. 13(C)
via the state shown in FIG. 13(B).

[0375] When the substrate P is positioned at the position
d6, as shown in FIG. 13(D), the second member 22 is
disposed at the position Jr with respect to the projection
region PR (the optical path AT of the exposure light EL).
That is, during the scan operation movement of the substrate
P from the position d5 to the position d6, the second member
22 moves in the +X axis direction reverse to the direction
(=X axis direction) of the step movement of the substrate P.
During the scan movement operation of the substrate P from
the position d5 to the position d6, the second member 22
moves from the position Js to the position Jr via the position
Jsm, the position Jm, and the position Jrm. In other words,
when the substrate P moves the pathway Tp5, the second
member 22 moves in the +X axis direction so that the second
member 22 is changed from the state shown in FIG. 13(C)
to the state shown in FIG. 13(D).

[0376] That is, in the present embodiment, in at least a part
of the period in which the substrate P moves along the
pathway Tp2, the second member 22 moves in the -X axis
direction so that the relative speed between the second
member 22 and the substrate P is decreased. In other words,
in at least a part of the period of the step movement operation
in which the substrate P includes the component in the —-X
axis direction, the second member 22 moves in the -X axis
direction so that the relative speed between the second
member 22 and the substrate P in the X axis direction is
decreased. Similarly, in at least a part of the period in which
the substrate P moves along the pathway Tpd, the second
member 22 moves in the -X axis direction so that the
relative speed between the second member 22 and the
substrate P in the X axis direction is decreased.

[0377] In addition, in the present embodiment, the second
member 22 moves in the +X axis direction in at least of a
part of the period in which the substrate P moves along the
pathway Tp3. Accordingly, after the substrate P moves the
pathway Tp3, during the movement of the pathway Tp4,
even when the second member 22 moves in the -X axis
direction, the exposure light EL is able to pass through the
first and second opening parts 23 and 30, and the contact
between the first member 21 and the second member 22 is
able to be prevented. The case where the substrate P moves
the pathways Tpl and Tp5 is also similar to the above-
described case.

[0378] That is, when the substrate P repeats the scan
movement operation and the step movement operation
including the component in the -X axis direction, during the
step movement operation, the second member 22 moves in
the -X axis direction from the position Jr to the position Js
so that the relative speed between the second member 22 and
the substrate P is decreased, and during the scan movement
operation, the second member 22 returns from the position
Js to the position Jr so that the second member 22 moves in
the -X axis direction again in the next step movement
operation. That is, since the second member 22 moves in the
+X axis direction in at least a portion of the period in which
the substrate P performs the scan movement operation, the
size of the second opening part 28 is able to be reduced to
the required minimum, and the contact between the first
member 21 and the second member 22 is prevented.
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[0379] Moreover, in the embodiment, even when the sec-
ond member 22 is disposed at the first end position Jr
(second end position Js), at least a portion of the fluid
recovery part 43 is continuously opposite to the substrate P
(object). Accordingly, for example, in the step movement
operation, the fluid recovery part 43 is able to recover the
liquid LQ on the substrate P (object).

[0380] Moreover, in the example described using FIGS.
12 and 13, when the substrate P is positioned at the positions
di1, d3, and d5, the second member 22 is disposed at the
second end position Js. When the substrate P is positioned at
the positions d1, d3, and d5, the second member 22 may be
disposed at the center position Jm, and may be disposed at
the position Jsm between the center position Jm and the
second end position Js.

[0381] In addition, in the example described using FIGS.
12 and 13, when the substrate P is positioned at the positions
d2, d4, and d6, the second member 22 is disposed at the first
end position Jr. When the substrate P is positioned at the
positions d2, d4, and d6, the second member 22 may be
disposed at the center position Jm and may be disposed at
the position Jrm between the center position Jm and the first
end position Jr.

[0382] Moreover, when the substrate P is positioned at the
positions d2.5 and d4.5, the second member 22 may be
disposed at positions different from the center position Jm.
That is, when the substrate P is positioned at the positions
d2.5 and d4.5, for example, the second member 22 may be
disposed at the position Jsm between the center position Jm
and the second end position Js, and may be disposed at the
position Jrm between the center position Jm and the first end
position Jr.

[0383] In addition, in at least a part of the scan movement
period of the substrate P, the second member 22 may stop,
and may move in the —X axis direction which is the same as
the direction (-X axis direction) of the step movement of the
substrate P.

[0384] Moreover, in at least a part of the step movement
period of the substrate P, the second member 22 may stop,
and may move in the +X axis direction reverse to the
direction (-X axis direction) of the step movement of the
substrate P.

[0385] That is, in a portion of the movement period (scan
movement period and step movement period) of the sub-
strate P, the second member 22 moves so that the relative
speed between the second member 22 and the substrate P
(object) is smaller than the relative speed between the first
member 21 and the substrate P (object), and in a portion of
the movement period of the substrate P, the second member
22 may stop or may move so that the relative speed between
the second member 22 and the substrate is larger than the
relative speed between the first member and the substrate.

[0386] As described above, according to the present
embodiment, since the second member 22 which is movable
with respect to the first member 21 is provided, even when
the object such as the substrate P moves in the XY plane in
the state where the liquid immersion space LS is formed, for
example, the liquid LQ is prevented from flowing out from
the space between the liquid immersion member 5 and the
object or from remaining on the object.

[0387] That is, when the object such as the substrate P
moves in the XY plane at a high speed in the state where the
liquid immersion space LS is formed, if the member (liquid
immersion member or the like) opposite to the object is
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stopped, there is possibility that the liquid LQ may flow out,
the liquid LQ may remain on the substrate P (object), or
bubbles may occur in the liquid LQ.

[0388] In the present embodiment, for example, the sec-
ond member 22 is movable so that the relative movement
(relative speed and relative acceleration) between the second
member 22 and the object such as the substrate P is
decreased. Accordingly, even when the object moves at a
high speed in the state where the liquid immersion space LS
is formed, the liquid LQ is prevented from flowing out, the
liquid LQ is prevented from remaining on the substrate P
(object), or the bubbles are prevented from occurring in the
liquid LQ.

[0389] Moreover, in the present embodiment, the liquid
immersion member 5 includes the protection part 211 (wall
part 50) which protects the terminal optical element 13.
Accordingly, for example, even when the pressure of the
liquid LQ in the liquid immersion space LS is changed or the
liquid LQ in the liquid immersion space LS flows at a high
speed due to the movement of the second member 22, the
change of the pressure, in which the terminal optical element
13 receives from the liquid LQ in the liquid immersion space
LS, is able to be decreased.

[0390] Moreover, due to the movement of the substrate P
(object), the pressure of the liquid LQ in the liquid immer-
sion space LS may be changed or the liquid L.Q in the liquid
immersion space LS may flow at a high speed. In addition,
due to reasons other than the movement of the second
member 22 and the movement of the substrate P (object), the
pressure of the liquid LQ in the liquid immersion space LS
may be changed or the liquid LQ in the liquid immersion
space LS may flow at a high speed. Also in this case, the
change of the pressure, in which the terminal optical element
13 receives from the liquid LQ in the liquid immersion space
LS, is able to be decreased by the protection part 211 (wall
part 50).

[0391] Accordingly, the movement of the terminal optical
element 13, deformation of the terminal optical element 13,
and changes in optical characteristics of the terminal optical
element 13 are suppressed. Therefore, occurrences of expo-
sure failure, and occurrences of a defective device are
suppressed.

[0392] Moreover, in the present embodiment, the protec-
tion part 211 is disposed at at least a portion of the sur-
rounding of the optical path AT. Accordingly, it is possible
to decrease the change of the pressure, in which the terminal
optical element 13 receives from the liquid LQ in the liquid
immersion space LS, while securing the path (optical path)
of the exposure light EL.

[0393] Moreover, in the present embodiment, the protec-
tion part 211 is disposed between the terminal optical
element 13 and the second member 22. Accordingly, it is
possible to decrease the change of the pressure, in which the
terminal optical element 13 receives from the liquid LQ in
the liquid immersion space LS, due to the movement of the
second member 22.

[0394] In addition, in the present embodiment, the protec-
tion part 211 (wall part 50) is disposed between the terminal
optical element 13 and the second member 22 so that the
terminal optical element 13 and the second member 22 are
not opposite to the each other in the movement period of the
second member 22. Accordingly, it is possible to effectively
decrease the change of the pressure, in which the terminal
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optical element 13 receives from the liquid LQ in the liquid
immersion space LS, due to the movement of the second
member 22.

[0395] In addition, in the present embodiment, the part 48
of the second member 22 is continuously disposed outside
the part 47 of the first member 21 with respect to the optical
path AT. Accordingly, even when the second member 22
moves, it is possible to effectively decrease the change in the
pressure in which the terminal optical element 13 receives
from the liquid LQ inside the second opening part 28.

[0396] Moreover, in the present embodiment, the region
291 of the second member 22 facing the optical path AT
(ATL) is upwardly and outwardly inclined in the radial
direction with respect to the optical axis AX. Accordingly, in
the state where the region 291 (the end surface of the second
member 22 facing the optical path AT) of the second
member 22 is disposed in the liquid immersion space LS, the
second member 22 is able to move smoothly. Moreover,
even when the second member 22 moves in the state where
the region 291 of the second member 22 is disposed in the
liquid immersion space LS, the change of the pressure of the
liquid LQ in the liquid immersion space LS is suppressed.

Second Embodiment

[0397] A second embodiment will be described. In the
descriptions below, the same reference numerals are
assigned to the same or similar components as those of the
above-described embodiment, and descriptions thereof are
simplified or omitted here.

[0398] FIG. 14 is a view showing an example of a liquid
immersion member 5B according to the present embodi-
ment. The liquid immersion member 5B includes a first
member 21B which includes the protection part 211, and a
second member 22B which includes a part 221B in which at
least a portion is opposite to a protection part 211B. The
protection part 211B includes a wall part 50B which is
disposed between the terminal optical element 13 and the
second member 22B. The protection part 211B includes a
region 251B which is nearest to the optical path AT in the
lower surface 25B of the first member 21B. The protection
part 211B includes a part 47B which is nearest to the optical
path AT. The part 47B is the lowermost part of the protection
part 211B. The part (lowermost part) 47B is a part which is
nearest to the upper surface of the substrate P (object) in the
first member 21B.

[0399] The first member 21B includes a recessed part 16B
to which the second member 22B is able to be opposite. At
least a portion of the second member 22B is movable below
the recessed part 16B of the first member 21B.

[0400] As shown in FIG. 14, at least a portion of the
second member 22B may move below the region 251B. At
least a portion of the second member 22B may move below
the part 47B of the first member 21B. The second member
22B may move so that the part 48B of the second member
22B nearest to the optical path AT is disposed to be closer
to the optical path AT side than the part 47B of the first
member 21B.

[0401] The second member 22B may move so that the part
48B of the second member 22B, which includes a second
opening part 28B having a larger size than the size of a first
opening part 23B in the movement direction of the second
member 22B, is disposed to be closer to the optical path AT
side than the part 47B of the first member 21B.
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[0402] The size of the second opening part 28B may be
smaller than the size of the first opening part 23B in the
movement direction of the second member 22B so that the
part 48B of the second member 22B is disposed to be closer
to the optical path AT side than the part 47B of the first
member 21B.

[0403] At least a portion of the second member 22B
including the part 48B may be disposed between the emit-
ting surface 12 of the terminal optical element 13 and the
upper surface of the substrate P (object).

[0404] A gap is formed between the first member 21B and
an upper surface 29B of the second member 22B outside the
part (the lowermost part) 47B of the first member 21B with
respect to the optical path AT. With respect to the Z axis
direction parallel to the optical axis AX of the terminal
optical element 13, the distance Gla between the part 47B
and the upper surface 29B is smaller than the size G15 of the
gap between the first member 21B and the upper surface 29B
of the second member 22B.

[0405] Also in the present embodiment, the change of the
pressure, in which the terminal optical element 13 receives
from the liquid LQ in the liquid immersion space LS, is
decreased.

Third Embodiment

[0406] A third embodiment will be described. In the
descriptions below, the same reference numerals are
assigned to the same or similar components as those of the
above-described embodiments, and descriptions thereof are
simplified or omitted here.

[0407] FIG. 15 is a view showing an example of a liquid
immersion member 5C according to the present embodi-
ment. The liquid immersion member 5C includes a first
member 21C which includes a protection part 211C (wall
part 50C), and a second member 22C which includes a part
221C in which at least a portion is opposite to the protection
part 211C. The protection part 211C includes a region 251C
which is nearest to the optical path AT in the lower surface
25C of the first member 21C. The protection part 211C
includes a part 47C which is nearest to the optical path AT.
The part 47C is the lowermost part of the protection part
211C. The part (lowermost part) 47C is a part which is
nearest to the upper surface of the substrate P (object) in the
first member 21C.

[0408] In the present embodiment, the part 47C is dis-
posed outside the emitting surface 12 in the radial direction
with respect to the optical axis AX. The part 47C is disposed
outside a space between the emitting surface 12 and the
upper surface of the substrate P (object). The part 47C is not
disposed between the emitting surface 12 and the upper
surface of the substrate P (object).

[0409] The part 47C is disposed below the emitting sur-
face 12 in the Z axis direction. The protection part 211C (an
upper surface 24C of the protection part 211C) is disposed
below the emitting surface 12 in the Z axis direction.
[0410] The second member 22C (part 221C) is disposed to
be opposite to the first member 21C (protection part 211C)
via a gap below the first member 21C (protection part 211C).
The protection part 211C is disposed between the terminal
optical element 13 and the second member 22C (part 221C).
[0411] The first member 21C includes a recessed part 16C
to which the second member 22C is able to be opposite. At
least a portion of the second member 22C is movable below
the recessed part 16C of the first member 21C.
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[0412] The part 48C of the second member 22C nearest to
the optical path AT is disposed outside the part 47C of the
first member 21C with respect to the optical path AT. In the
movement period of the second member 22C, the part 48C
is continuously disposed outside the part 47C with respect to
the optical path AT.

[0413] A gap is formed between the first member 21C and
an upper surface 29C of the second member 22C outside the
part (the lowermost part) 47C of the first member 21C with
respect to the optical path AT. With respect to the Z axis
direction parallel to the optical axis AX of the terminal
optical element 13, the distance Gla between the part 47C
and the upper surface 29C is smaller than the size G1b of the
gap between the first member 21C and the upper surface 29C
of the second member 22C.

[0414] Also in the present embodiment, the change of the
pressure, in which the terminal optical element 13 receives
from the liquid LQ in the liquid immersion space LS, is
decreased.

[0415] Moreover, in the present embodiment, at least a
portion of the second member 22C may move below the
region 251C. At least a portion of the second member 22C
may move below the part 47C of the first member 21C. The
second member 22C may move so that the part 48C of the
second member 22C nearest to the optical path AT is
disposed to be closer to the optical path AT side than the part
47C of the first member 21C.

[0416] In addition, in the present embodiment, the size of
the second opening part 28C may be smaller than the size of
the first opening part 23C in the movement direction of the
second member 22C so that the part 48C of the second
member 22C is disposed to be closer to the optical path AT
side than the part 47C of the first member 21C.

[0417] Moreover, in the present embodiment, the first
member 21C (protection part 211C) is not disposed between
the emitting surface 12 and the upper surface of the substrate
P (object), and at least a portion of the second member 22C
including the part 48C may be disposed between the emit-
ting surface 12 and the upper surface of the substrate P
(object).

Fourth Embodiment

[0418] A fourth embodiment will be described. In the
descriptions below, the same reference numerals are
assigned to the same or similar components as those of the
above-described embodiments, and descriptions thereof are
simplified or omitted here.

[0419] FIG. 16 is a view showing an example of a liquid
immersion member 5D according to the present embodi-
ment. The liquid immersion member 5D includes a first
member 21D which includes a protection part 211D (wall
part 50D), and a second member 22D which includes a part
221D in which at least a portion is opposite to the protection
part 211D. The protection part 211D includes a region 251D
which is nearest to the optical path AT in the lower surface
25D of the first member 21D. The protection part 211D
includes a part 47D which is nearest to the optical path AT.
The part 47D is the lowermost part of the protection part
211D. The part (lowermost part) 47D is a part which is
nearest to the upper surface of the substrate P (object) in the
first member 21D.

[0420] In the present embodiment, the part 47D is dis-
posed outside the emitting surface 12 in the radial direction
with respect to the optical axis AX. The part 47D is disposed

Feb. 14,2019

above the emitting surface 12 in the Z axis direction. The
part 47D is disposed at the surrounding of the outer surface
131. The protection part 211D (an upper surface 24D of the
protection part 211D) is disposed above the emitting surface
12 in the Z axis direction.

[0421] The second member 22D (part 221D) is disposed to
be opposite to the first member 21D (protection part 211D)
via a gap below the first member 21D (protection part
211D). The protection part 211D is disposed between the
terminal optical element 13 and the second member 22D
(part 221D).

[0422] The first member 21D includes a recessed part 16D
to which the second member 22D is able to be opposite. At
least a portion of the second member 22D is movable below
the recessed part 16D of the first member 21D.

[0423] The part 48D of the second member 22D nearest to
the optical path AT is disposed outside the part 47D of the
first member 21D with respect to the optical path AT. In the
movement period of the second member 22D, the part 48D
is continuously disposed outside the part 47D with respect to
the optical path AT.

[0424] A gap is formed between the first member 21D and
an upper surface 29D of the second member 22D outside the
part (the lowermost part) 47D of the first member 21D with
respect to the optical path AT. With respect to the Z axis
direction parallel to the optical axis AX of the terminal
optical element 13, the distance Gla between the part 47D
and the upper surface 29D is smaller than the size G15 of the
gap between the first member 21D and the upper surface
29D of the second member 22D.

[0425] Also in the present embodiment, the change of the
pressure, in which the terminal optical element 13 receives
from the liquid LQ in the liquid immersion space LS, is
decreased.

[0426] Moreover, in the present embodiment, at least a
portion of the second member 22D may move below the
region 251D. At least a portion of the second member 22D
may move below the part 47D of the first member 21D. The
second member 22D may move so that the part 48D of the
second member 22D nearest to the optical path AT is
disposed to be closer to the optical path AT side than the part
47D of the first member 21D.

[0427] In addition, in the present embodiment, the size of
the second opening part 28D may be smaller than the size of
the first opening part 23D in the movement direction of the
second member 22D so that the part 48D of the second
member 22D is disposed to be closer to the optical path AT
side than the part 47D of the first member 21D.

[0428] Moreover, in the present embodiment, the first
member 21D (protection part 211D) is disposed above the
emitting surface 12, and at least a portion of the second
member 22D including the part 48D may be disposed
between the emitting surface 12 and the upper surface of the
substrate P (object).

Fifth Embodiment

[0429] A fifth embodiment will be described. In the
descriptions below, the same reference numerals are
assigned to the same or similar components as those of the
above-described embodiments, and descriptions thereof are
simplified or omitted here.

[0430] FIG. 17 is a view showing an example of a liquid
immersion member SE according to the present embodi-
ment. The liquid immersion member 5E includes a first
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member 21E which includes a protection part 211E (wall
part 50E), and a second member 22E which includes a part
221E in which at least a portion is opposite to the protection
part 211E. The protection part 211E (wall part S0E) is
disposed between the terminal optical element 13 and the
second member 22E.

[0431] The protection part 211E includes a lower surface
25E to which at least a portion of the second member 22E
is able to be opposite. The lower surface 25E includes a
region 251F which is nearest to the optical path AT, a region
252E which is disposed outside the region 251E with respect
to the optical path AT, and a region 253E which is disposed
outside the region 252F with respect to the optical path AT.
[0432] The region 251E is substantially perpendicular to
the optical axis AX of the terminal optical element 13. The
region 252F is upwardly and outwardly inclined in the radial
direction with respect to the optical axis AX of the terminal
optical element 13. The region 253E is substantially per-
pendicular to the optical axis AX of the terminal optical
element 13.

[0433] The protection part 211E includes a part 47E which
is nearest to the optical path AT. The part 47E is the
lowermost part of the protection part 211E. The part (low-
ermost part) 47F is a part which is nearest to the upper
surface of the substrate P (object) in the first member 21E.
[0434] The second member 22F (part 221E) is disposed to
be opposite to the first member 21E (protection part 211E)
via a gap below the first member 21E (protection part 211E).
The second member 22F includes an upper surface 29E in
which at least a portion is opposite to the first member 21E,
and a lower surface 30E to which the upper surface of the
substrate P (object) is able to be opposite.

[0435] The upper surface 29E includes a region 291E
which is nearest to the optical path AT, and a region 292E
which is disposed outside the region 291F with respect to the
optical path AT. The region 291E is upwardly and outwardly
inclined in the radial direction with respect to the optical axis
AX of the terminal optical element 13. The region 292FE is
substantially perpendicular to the optical axis AX of the
terminal optical element 13.

[0436] The lower surface 30F is substantially perpendicu-
lar to the optical axis AX of the terminal optical element 13.
[0437] In the present embodiment, the height of the part
(lowermost part) 47E of the protection part 211E (wall part
50E) is substantially the same as the height of the upper
surface 29E of the second member 22E. In other words, the
position of the part 47E is substantially the same as the
position of the upper surface 29E in the Z axis direction. In
the example shown in FIG. 17, the height of the part 47E is
substantially the same as the height of the region 292E of the
upper surface 29E. Moreover, the height of the part 47E may
be substantially the same as the height of the region 291E of
the upper surface 29E.

[0438] The first member 21E includes a recessed part 16E
to which the second member 22E is able to be opposite. The
region 252E and the region 253E are disposed inside the
recessed part 16E. At least a portion of the second member
22E (part 221E) moves below the recessed part 16E. At least
a portion of the second member 22E (part 221E) moves
below the region 252F and the region 253E.

[0439] The part 48E of the second member 22E nearest to
the optical path AT is disposed outside the part 47E of the
first member 21E with respect to the optical path AT. In the
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movement period of the second member 22E, the part 48E
is disposed outside the part 47E with respect to the optical
path AT.

[0440] In the present embodiment, in the movement
period of the second member 22E, the part 48E is continu-
ously disposed outside the region 251F with respect to the
optical path AT. In addition, the part 48E may move below
the region 251E.

[0441] Also in the present embodiment, the change of the
pressure, in which the terminal optical element 13 receives
from the liquid LQ in the liquid immersion space LS, is
decreased.

Sixth Embodiment

[0442] A sixth embodiment will be described. In the
descriptions below, the same reference numerals are
assigned to the same or similar components as those of the
above-described embodiments, and descriptions thereof are
simplified or omitted here.

[0443] FIG. 18 is a view showing an example of a liquid
immersion member SF according to the present embodi-
ment. The liquid immersion member 5F includes a first
member 21F which includes a protection part 211F (wall
part 50F), and a second member 22F which includes a part
221F in which at least a portion is opposite to the protection
part 211F. The protection part 211F (wall part 50F) is
disposed between the terminal optical element 13 and the
second member 22F.

[0444] The protection part 211F includes a lower surface
25F to which at least a portion of the second member 22F is
able to be opposite. The lower surface 25F includes a region
251F which is nearest to the optical path AT, a region 252F
which is disposed outside the region 251F with respect to the
optical path AT, and a region 253F which is disposed outside
the region 252F with respect to the optical path AT.

[0445] The region 251F is substantially perpendicular to
the optical axis AX of the terminal optical element 13. The
region 252F is upwardly and outwardly inclined in the radial
direction with respect to the optical axis AX of the terminal
optical element 13. The region 253F is substantially perpen-
dicular to the optical axis AX of the terminal optical element
13.

[0446] The protection part 211F includes a part 47F which
is nearest to the optical path AT. The part 47F is the
lowermost part of the protection part 211F. The part (low-
ermost part) 47F is a part which is nearest to the upper
surface of the substrate P (object) in the first member 21F.
[0447] The second member 22F (part 221F) is disposed to
be opposite to the first member 21F (protection part 211F)
via a gap below the first member 21F (protection part 211F).
The second member 22F includes an upper surface 29F in
which at least a portion is opposite to the first member 21F,
and a lower surface 30F to which the upper surface of the
substrate P (object) is able to be opposite.

[0448] The upper surface 29F includes a region 291F
which is nearest to the optical path AT, and a region 292F
which is disposed outside the region 291F with respect to the
optical path AT. The region 291F is upwardly and outwardly
inclined in the radial direction with respect to the optical axis
AX of the terminal optical element 13. The region 292F is
substantially perpendicular to the optical axis AX of the
terminal optical element 13.

[0449] The lower surface 30F is substantially perpendicu-
lar to the optical axis AX of the terminal optical element 13.
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[0450] In the present embodiment, the part (lowermost
part) 47F of the protection part 211F (wall part 50F) is
disposed below the upper surface 29F of the second member
22F. In order words, the position of the part 47F is positioned
to be closer to the -Z side (object side) than the position of
the upper surface 29F in the 7Z axis direction. That is, the
upper surface 29F is disposed above the part 47F and the
region 251F.

[0451] In the present embodiment, the part (lowermost
part) 47F of the protection part 211F (wall part 50F) is
disposed above the lower surface 30F of the second member
22F. In order words, the position of the part 47F is disposed
to be closer to the +Z side (substrate P side) than the position
of the lower surface 30F in the Z axis direction. That is, the
lower surface 30F is disposed below the part 47F and the
region 251F.

[0452] The first member 21F includes a recessed part 16F
to which the second member 22F is able to be opposite. The
region 252F and the region 253F are disposed inside the
recessed part 16F. At least a portion of the second member
22F (part 221F) moves below the recessed part 16F. At least
a portion of the second member 22F (part 221F) moves
below the region 252F and the region 253F.

[0453] In the present embodiment, at least a portion of the
second member 22F (part 221F) moves inside the recessed
part 16F.

[0454] The part 48F of the second member 22F nearest to
the optical path AT is disposed outside the part 47F of the
first member 21F with respect to the optical path AT. In the
movement period of the second member 22F, the part 48F is
disposed outside the part 47F with respect to the optical path
AT.

[0455] In the present embodiment, during the movement
period of the second member 22F, the part 48F is continu-
ously disposed outside the region 251F with respect to the
optical path AT. In addition, the part 48F may move below
the region 251F.

[0456] Also in the present embodiment, the change of the
pressure, in which the terminal optical element 13 receives
from the liquid LQ in the liquid immersion space LS, is
decreased.

Seventh Embodiment

[0457] A seventh embodiment will be described. In the
descriptions below, the same reference numerals are
assigned to the same or similar components as those of the
above-described embodiments, and descriptions thereof are
simplified or omitted here.

[0458] FIG. 19 is a view showing an example of a liquid
immersion member 5G according to the present embodi-
ment. The liquid immersion member 5G includes a first
member 21G which includes a protection part 211G (wall
part 50G), and a second member 22G which includes a part
221G in which at least a portion is opposite to the protection
part 211G. The protection part 211G (wall part 50G) is
disposed between the terminal optical element 13 and the
second member 22G.

[0459] The protection part 211G includes a lower surface
25G to which at least a portion of the second member 22G
is able to be opposite. The lower surface 25G includes a
region 251G which is nearest to the optical path AT, a region
252G which is disposed outside the region 251G with
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respect to the optical path AT, and a region 253G which is
disposed outside the region 252G with respect to the optical
path AT.

[0460] The region 251G is substantially perpendicular to
the optical axis AX of the terminal optical element 13. The
region 252G is upwardly and outwardly inclined in the
radial direction with respect to the optical axis AX of the
terminal optical element 13. The region 253G is substan-
tially perpendicular to the optical axis AX of the terminal
optical element 13.

[0461] The protection part 211G includes a part 47G
which is nearest to the optical path AT. The part 47G is the
lowermost part of the protection part 211G. The part (low-
ermost part) 47G is a part which is nearest to the upper
surface of the substrate P (object) in the first member 21G
[0462] The second member 22G (part 221G) is disposed to
be opposite to the first member 21G (protection part 211G)
via a gap below the first member 21G (protection part
211G). The second member 22G includes an upper surface
29G in which at least a portion is opposite to the first
member 21G, and a lower surface 30G to which the upper
surface of the substrate P (object) is able to be opposite.
[0463] The upper surface 29G includes a region 291G
which is nearest to the optical path AT, and a region 292G
which is disposed outside the region 291G with respect to
the optical path AT. The region 291G is upwardly and
outwardly inclined in the radial direction with respect to the
optical axis AX of the terminal optical element 13. The
region 292G is substantially perpendicular to the optical axis
AX of the terminal optical element 13.

[0464] The lower surface 30G is substantially perpendicu-
lar to the optical axis AX of the terminal optical element 13.
[0465] In the present embodiment, the height of the part
(lowermost part) 47G of the protection part 211G (wall part
50G) is substantially the same as the height of the lower
surface 30G of the second member 22G. In other words, the
position of the part 47G is substantially the same as the
position of the lower surface 30G in the Z axis direction.
[0466] The first member 21G includes a recessed part 16G
to which the second member 22G is able to be opposite. The
region 252G and the region 253G are disposed inside the
recessed part 16G. At least a portion of the second member
22G (part 221G) moves inside the recessed part 16G. At
least a portion of the second member 22G (part 221G)
moves below the region 252G and the region 253G.
[0467] The part 48G of the second member 22G nearest to
the optical path AT is disposed outside the part 47G (region
251G) of the first member 21G with respect to the optical
path AT. In the movement period of the second member 22G,
the part 48G is kept outside the part 47G (region 251G) with
respect to the optical path AT.

[0468] Also in the present embodiment, the change of the
pressure, in which the terminal optical element 13 receives
from the liquid LQ in the liquid immersion space LS, is
decreased.

Eighth Embodiment

[0469] An eighth embodiment will be described. In the
descriptions below, the same reference numerals are
assigned to the same or similar components as those of the
above-described embodiments, and descriptions thereof are
simplified or omitted here.

[0470] FIG. 20 is a view showing an example of a liquid
immersion member 5H according to the present embodi-
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ment. The liquid immersion member 5H includes a first
member 21H which includes a protection part 211H (wall
part 50H), and a second member 22H which includes a part
221H in which at least a portion is opposite to the protection
part 211H. The protection part 211H (wall part 50H) is
disposed between the terminal optical element 13 and the
second member 22H.

[0471] The protection part 211H includes a lower surface
25H to which at least a portion of the second member 22H
is able to be opposite. The lower surface 25H includes a
region 251H which is nearest to the optical path AT, a region
252H which is disposed outside the region 251H with
respect to the optical path AT, and a region 253H which is
disposed outside the region 252H with respect to the optical
path AT.

[0472] The region 251H is substantially perpendicular to
the optical axis AX of the terminal optical element 13. The
region 252H is upwardly and outwardly inclined in the
radial direction with respect to the optical axis AX of the
terminal optical element 13. The region 253H is substan-
tially perpendicular to the optical axis AX of the terminal
optical element 13.

[0473] The protection part 211H includes a part 47H
which is nearest to the optical path AT. The part 47H is the
lowermost part of the protection part 211H. The part (low-
ermost part) 47H is a part which is nearest to the upper
surface of the substrate P (object) in the first member 21H.
[0474] The second member 22H (part 221H) is disposed to
be opposite to the first member 21H (protection part 211H)
via a gap below the first member 21H (protection part
211H). The second member 22H includes an upper surface
29H in which at least a portion is opposite to the first
member 21H, and a lower surface 30H to which the upper
surface of the substrate P (object) is able to be opposite.

[0475] The upper surface 29H includes a region 291H
which is nearest to the optical path AT, and a region 292H
which is disposed outside the region 291H with respect to
the optical path AT. The region 291H is upwardly and
outwardly inclined in the radial direction with respect to the
optical axis AX of the terminal optical element 13. The
region 292H is substantially perpendicular to the optical axis
AX of the terminal optical element 13.

[0476] The lower surface 30H is substantially perpendicu-
lar to the optical axis AX of the terminal optical element 13.
[0477] In the present embodiment, the part (lowermost
part) 47H of the protection part 211H (wall part S0H) is
disposed below the lower surface 30H of the second member
22H. In order words, the position of the part 47H is
positioned to be closer to the —-Z side (substrate side) than
the position of the lower surface 30H in the Z axis direction.
That is, the lower surface 30H is disposed above the part
47H and the region 251H.

[0478] The first member 21H includes a recessed part 16H
to which the second member 22H is able to be opposite. The
region 252H and the region 253H are disposed inside the
recessed part 16H. At least a portion of the second member
22H (part 221H) moves inside the recessed part 16H. At
least a portion of the second member 22H (part 221H)
moves below the region 252H and the region 253H.

[0479] The part 48H of the second member 22H nearest to
the optical path AT is disposed outside the part 47H (region
251H) of the first member 21H with respect to the optical
path AT. In the movement period of the second member 22H,
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the part 48H is disposed outside the part 47H (region 251H)
with respect to the optical path AT.

[0480] Also in the present embodiment, the change of the
pressure, in which the terminal optical element 13 receives
from the liquid LQ in the liquid immersion space LS, is
decreased.

Ninth Embodiment

[0481] A ninth embodiment will be described. In the
descriptions below, the same reference numerals are
assigned to the same or similar components as those of the
above-described embodiments, and descriptions thereof are
simplified or omitted here.

[0482] FIG. 21 is a view showing an example of a pro-
tection part 2111 (wall part 50I) according to the present
embodiment. The protection part 2111 includes an upper
surface 241, and a lower surface 251 in which at least a
portion is able to be opposite to the second member (22 or
the like).

[0483] The upper surface 241 includes a region 2411 which
is nearest to the optical path AT, and a region 2421 which is
disposed outside the region 2411 with respect to the optical
path AT.

[0484] The region 2411 is upwardly and outwardly
inclined in the radial direction with respect to the optical axis
AX of the terminal optical element 13. The region 242I is
substantially perpendicular to the optical axis AX of the
terminal optical element 13.

[0485] The lower surface 251 includes a region 2511 which
is nearest to the optical path AT, a region 2521 which is
disposed outside the region 2511 with respect to the optical
path AT, and a region 2531 which is disposed outside the
region 2521 with respect to the optical path AT.

[0486] The region 2511 is substantially perpendicular to
the optical axis AX of the terminal optical element 13. The
region 2521 is substantially parallel to the optical axis AX of
the terminal optical element 13. The region 2531 is substan-
tially perpendicular to the optical axis AX of the terminal
optical element 13. The region 2531 is disposed above the
region 2511. The lower surface 251 includes a step between
the region 2511 and the region 2531.

[0487] The protection part 2111 (wall part 50I) includes a
recessed part 161 to which the second member (22 or the
like) is able to be opposite. The region 2521 and the region
2531 are disposed inside the recessed part 161.

[0488] In the present embodiment, a part 471, which is
nearest to the optical path AT in the protection part 2111,
includes a corner portion Ksi which is formed between the
region 2411 and the region 2511. The corner portion Ksi is
the lowermost part of the protection part 2111. In the present
embodiment, the lowermost part of the protection part 2111
includes the corner portion Ksi and the region 2511.
[0489] The second member (22 or the like) may move
below the recessed part 161, and may move inside the
recessed part 161.

[0490] Also in the present embodiment, the change of the
pressure, in which the terminal optical element 13 receives
from the liquid LQ in the liquid immersion space LS, is
decreased.

Tenth Embodiment

[0491] A tenth embodiment will be described. In the
descriptions below, the same reference numerals are
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assigned to the same or similar components as those of the
above-described embodiments, and descriptions thereof are
simplified or omitted here.

[0492] FIG. 22 is a view showing an example of a pro-
tection part 211J (wall part 50J) according to the present
embodiment. The protection part 211J includes an upper
surface 24J, and a lower surface 25] in which at least a
portion is able to be opposite to the second member (22 or
the like).

[0493] The upper surface 24J includes a region 241J
which is nearest to the optical path AT, and a region 242]
which is disposed outside the region 241J with respect to the
optical path AT.

[0494] The region 241J is substantially parallel to the
optical axis AX of the terminal optical element 13. The
region 242] is substantially perpendicular to the optical axis
AX of the terminal optical element 13.

[0495] The lower surface 25J includes a region 2517
which is nearest to the optical path AT, a region 252] which
is disposed outside the region 251J with respect to the
optical path AT, and a region 253J which is disposed outside
the region 252J with respect to the optical path AT.

[0496] The region 251J is substantially perpendicular to
the optical axis AX of the terminal optical element 13. The
region 252] is substantially parallel to the optical axis AX of
the terminal optical element 13. The region 253] is substan-
tially perpendicular to the optical axis AX of the terminal
optical element 13. The region 253] is disposed above the
region 251J. The lower surface 25] includes a step between
the region 251J and the region 253J.

[0497] The protection part 211J (wall part 50J) includes a
recessed part 16] to which the second member (22 or the
like) is able to be opposite. The region 252] and the region
253] are disposed inside the recessed part 16J.

[0498] In the present embodiment, a part 47], which is
nearest to the optical path AT in the protection part 211J,
includes a corner portion Ksj which is formed between the
region 241J and the region 251J. Moreover, the part 47]
which is nearest to the optical path AT in the protection part
211J includes the region 241J.

[0499] In the present embodiment, the lowermost part of
the protection part 211J includes the corner portion Ks;j.
Moreover, the lowermost part of the protection part 211J
includes the region 251J.

[0500] That is, in the present embodiment, the lowermost
part which is nearest to the optical path AT in the protection
part 2117J includes the corner portion Ks;j.

[0501] The second member (22 or the like) may move
below the recessed part 16J, and may move inside the
recessed part 16J.

[0502] Also in the present embodiment, the change of the
pressure, in which the terminal optical element 13 receives
from the liquid LQ in the liquid immersion space LS, is
decreased.

Eleventh Embodiment

[0503] An eleventh embodiment will be described. In the
descriptions below, the same reference numerals are
assigned to the same or similar components as those of the
above-described embodiments, and descriptions thereof are
simplified or omitted here.

[0504] FIG. 23 is a view showing an example of a pro-
tection part 211K (wall part 50K) according to the present
embodiment. The protection part 211K includes an upper
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surface 24K, and a lower surface 25K in which at least a
portion is able to be opposite to the second member (22 or
the like).

[0505] The upper surface 24K includes a region 241K
which is nearest to the optical path AT, and a region 242K
which is disposed outside the region 241K with respect to
the optical path AT.

[0506] The region 241K is substantially parallel to the
optical axis AX of the terminal optical element 13. The
region 242K is substantially perpendicular to the optical axis
AX of the terminal optical element 13.

[0507] The lower surface 25K includes a region 251K
which is nearest to the optical path AT, a region 252K which
is disposed outside the region 251K with respect to the
optical path AT, and a region 253K which is disposed outside
the region 252K with respect to the optical path AT.
[0508] The region 251K is substantially perpendicular to
the optical axis AX of the terminal optical element 13. The
region 252K is upwardly and outwardly inclined in the
radial direction with respect to the optical axis AX of the
terminal optical element 13. The region 253K is substan-
tially perpendicular to the optical axis AX of the terminal
optical element 13. The region 253K is disposed above the
region 251K. The lower surface 25K includes a step between
the region 251K and the region 253K.

[0509] The protection part 211K (wall part 50K) includes
a recessed part 16K to which the second member (22 or the
like) is able to be opposite. The region 252K and the region
253K are disposed inside the recessed part 16K.

[0510] In the present embodiment, a part 47K, which is
nearest to the optical path AT in the protection part 211K,
includes a corner portion Ksk which is formed between the
region 241K and the region 251K. Moreover, the part 47K
which is nearest to the optical path AT in the protection part
211K includes the region 241K.

[0511] In the present embodiment, the lowermost part of
the protection part 211K includes the corner portion Ksk. In
addition, the lowermost part of the protection part 211K
includes the region 251K.

[0512] That is, in the present embodiment, the lowermost
part which is nearest to the optical path AT in the protection
part 211K includes the corner portion Ksk.

[0513] The second member (22 or the like) may move
below the recessed part 16K, and may move inside the
recessed part 16K.

[0514] Also in the present embodiment, the change of the
pressure, in which the terminal optical element 13 receives
from the liquid LQ in the liquid immersion space LS, is
decreased.

Twelfth Embodiment

[0515] A twelfth embodiment will be described. In the
descriptions below, the same reference numerals are
assigned to the same or similar components as those of the
above-described embodiments, and descriptions thereof are
simplified or omitted here.

[0516] FIG. 24 is a view showing an example of a pro-
tection part 2111 (wall part 50L) according to the present
embodiment. The protection part 211L includes an upper
surface 24L., and a lower surface 25L to which at least a
portion is able to be opposite to the second member (22 or
the like).
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[0517] The upper surface 24l includes a region 241L
which is nearest to the optical path AT, and a region 242L
which is disposed outside the region 2411 with respect to the
optical path AT.

[0518] The region 2411 is upwardly and outwardly
inclined in the radial direction with respect to the optical axis
AX of the terminal optical element 13. The region 2421 is
substantially perpendicular to the optical axis AX of the
terminal optical element 13.

[0519] The lower surface 251 includes a region 251L
which is nearest to the optical path AT, and a region 252
which is disposed outside the region 2511 with respect to the
optical path AT.

[0520] The region 2511 is upwardly and outwardly
inclined in the radial direction with respect to the optical axis
AX of the terminal optical element 13. The region 252L is
substantially perpendicular to the optical axis AX of the
terminal optical element 13. The region 252L is disposed
above the region 251L.

[0521] The protection part 211L (wall part 50L) includes
a recessed part 161 to which the second member (22 or the
like) is able to be opposite. The region 2511 and the region
2521 are disposed inside the recessed part 16L..

[0522] In the present embodiment, a part 471, which is
nearest to the optical path AT in the protection part 211L,
includes a corner portion Ksl which is formed between the
region 2411 and the region 251L.

[0523] In the present embodiment, the lowermost part of
the protection part 2111 includes the corner portion Ksl.
[0524] The second member (22 or the like) may move
below the recessed part 161, and may move inside the
recessed part 16L..

[0525] Also in the present embodiment, the change of the
pressure, in which the terminal optical element 13 receives
from the liquid LQ in the liquid immersion space LS, is
decreased.

Thirteenth Embodiment

[0526] A thirteenth embodiment will be described. In the
descriptions below, the same reference numerals are
assigned to the same or similar components as those of the
above-described embodiments, and descriptions thereof are
simplified or omitted here.

[0527] FIG. 25 is a view showing an example of a second
member 22M (part 221M) according to the present embodi-
ment. The second member 22M includes an upper surface
29M, a lower surface 30M to which the upper surface of the
substrate P (object) is able to be opposite, and an inner
surface 290M which faces the optical path AT.

[0528] The upper surface 29M includes a region 291M,
and a region 292M which is disposed outside the region
291M with respect to the optical path AT. The region 292M
is disposed above the region 291M.

[0529] The region 291M is upwardly and outwardly
inclined in the radial direction with respect to the optical axis
AX of the terminal optical element 13. The region 292M is
substantially perpendicular to the optical axis AX of the
terminal optical element 13.

[0530] The lower surface 30M includes a region 301M.
The region 301M is substantially perpendicular to the opti-
cal axis AX of the terminal optical element 13.

[0531] The inner surface 290M is substantially parallel to
the optical axis AX of the terminal optical element 13.
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[0532] In the present embodiment, the region 291M and
the inner surface 290M are end surfaces of the second
member 22M {facing the optical path AT. In the descriptions
below, among the region 291M and the inner surface 290M
of the second member 22M facing the optical path AT, the
inner surface 290M is appropriately referred to as a first
inner surface 290M, and the region 291M is appropriately
referred to as a second inner surface 291M.

[0533] The second inner surface 291M is disposed above
the first inner surface 290M. The lower end of the second
inner surface 291M is connected to the first inner surface
290M. The upper end of the second inner surface 291M is
connected to the region 292M of the upper surface 29M.
[0534] The first inner surface 290M and the second inner
surface 291M are not parallel with each other. With respect
to the Z axis direction parallel to the optical axis AX of the
terminal optical element 13, a size of the second inner
surface 291M is larger than a size of the first inner surface
290M.

[0535] In the present embodiment, the first inner surface
290M is substantially parallel to the optical axis AX of the
terminal optical element 13. The second inner surface 291M
is upwardly and outwardly inclined with respect to the
optical path AT.

[0536] Also in the present embodiment, the second mem-
ber 22M is able to move smoothly in the state where the end
surface of the second member 22M is disposed in the liquid
immersion space LS. Moreover, even when the second
member 22M moves in the state where the end surface of the
second member 22M is disposed in the liquid immersion
space LS, the change of the pressure of the liquid L.Q in the
liquid immersion space LS is suppressed.

Fourteenth Embodiment

[0537] A fourteenth embodiment will be described. In the
descriptions below, the same reference numerals are
assigned to the same or similar components as those of the
above-described embodiments, and descriptions thereof are
simplified or omitted here.

[0538] FIG. 26 is a view showing an example of a second
member 22N (part 221N) according to the present embodi-
ment. The second member 22N includes an upper surface
29N, a lower surface 30N to which the upper surface of the
substrate P (object) is able to be opposite, and an inner
surface 290N which faces the optical path AT.

[0539] The upper surface 29N includes a region 291N.
The region 291N is substantially perpendicular to the optical
axis AX of the terminal optical element 13.

[0540] The lower surface 30N includes a region 301N, and
a region 302N which is disposed outside the region 301N
with respect to the optical path AT. The region 302N is
disposed below the region 301N.

[0541] The region 301N is downwardly and outwardly
inclined in the radial direction with respect to the optical axis
AX of the terminal optical element 13. The region 302N is
substantially perpendicular to the optical axis AX of the
terminal optical element 13.

[0542] In the present embodiment, the inner surface 290N
and the region 301N are end surfaces of the second member
22N facing the optical path AT. In the descriptions below,
among the inner surface 290N and the region 301N of the
second member 22N facing the optical path AT, the inner
surface 290N is appropriately referred to as a first inner
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surface 290N, and the region 301N is appropriately referred
to as a second inner surface 301N.

[0543] The second inner surface 301N is disposed below
the first inner surface 290N. The upper end of the second
inner surface 301N is connected to the first inner surface
290N. The lower end of the second inner surface 301N is
connected to the region 302N of the lower surface 30N.
[0544] The first inner surface 290N and the second inner
surface 301N are not parallel with each other. With respect
to the Z axis direction parallel to the optical axis AX of the
terminal optical element 13, a size of the second inner
surface 301N is larger than a size of the first inner surface
290N.

[0545] In the present embodiment, the first inner surface
290N is substantially parallel to the optical axis AX of the
terminal optical element 13. The second inner surface 301N
is downwardly and outwardly inclined with respect to the
optical path AT.

[0546] Also in the present embodiment, the second mem-
ber 22N is able to move smoothly in the state where the end
surface of the second member 22N is disposed in the liquid
immersion space LS. Moreover, even when the second
member 22N moves in the state where the end surface of the
second member 22N is disposed in the liquid immersion
space LS, the change of the pressure of the liquid LQ in the
liquid immersion space LS is suppressed.

Fifteenth Embodiment

[0547] A fifteenth embodiment will be described. In the
descriptions below, the same reference numerals are
assigned to the same or similar components as those of the
above-described embodiments, and descriptions thereof are
simplified or omitted here.

[0548] FIG. 27 is a view showing an example of a second
member 22P (part 221P) according to the present embodi-
ment. The second member 22P includes an upper surface
29P, and a lower surface 30P to which the upper surface of
the substrate P (object) is able to be opposite.

[0549] The upper surface 29P includes a region 291P
which is substantially perpendicular to the optical axis AX
of the terminal optical element 13.

[0550] The lower surface 30P includes a region 301P, and
a region 302P which is disposed outside the region 301P
with respect to the optical path AT. The region 301P is
downwardly and outwardly inclined in the radial direction
with respect to the optical axis AX of the terminal optical
element 13. The region 302P is substantially perpendicular
to the optical axis AX of the terminal optical element 13.
[0551] A size of the region 302P is larger than a size of the
region 301P in the radial direction with respect to the optical
axis AX.

[0552] The region 301P faces the optical path AT. The
region 301P may also be referred to as an end surface of the
second member 22P facing the optical path AT.

[0553] A corner portion Ktp is formed between the region
291P and the region 301P. The part which is nearest to the
optical path AT in the second member 22P includes the
corner portion Ktp.

[0554] Also in the present embodiment, the second mem-
ber 22P is able to move smoothly in the state where the end
surface of the second member 22P is disposed in the liquid
immersion space LS. Moreover, even when the second
member 22P moves in the state where the end surface of the
second member 22P is disposed in the liquid immersion
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space LS, the change of the pressure of the liquid L.Q in the
liquid immersion space LS is suppressed.

Sixteenth Embodiment

[0555] A sixteenth embodiment will be described. In the
descriptions below, the same reference numerals are
assigned to the same or similar components as those of the
above-described embodiments, and descriptions thereof are
simplified or omitted here.

[0556] FIG. 28 is a view showing an example of a liquid
immersion member 5Q according to the present embodi-
ment. The liquid immersion member 5Q includes a first
member 21Q having a lower surface 25Q, and a second
member 22Q having an upper surface 29Q and a lower
surface 30Q.

[0557] The lower surface 25Q of the first member 21Q
includes a region 251Q), a region 252Q which is disposed
outside the region 251Q with respect to the optical path AT,
a region 253Q which is disposed outside the region 252Q
with respect to the optical path AT, a region 254Q which is
disposed outside the region 253Q with respect to the optical
path AT, a region 255Q which is disposed outside the region
254Q with respect to the optical path AT, a region 256Q
which is disposed outside the region 255Q with respect to
the optical path AT, and a region 257Q which is disposed
outside the region 256Q with respect to the optical path AT.
At least a portion of the lower surface 25Q is able to be
opposite to the upper surface 29Q of the second member
22Q.

[0558] A part 47Q), which is nearest to the optical path AT
in the first member 21Q), is disposed at the inner edge part
of the region 251Q.

[0559] The region 252Q is inclined with respect to the
optical axis AX of the terminal optical element 13. The
region 252Q is upwardly and outwardly inclined in the
radial direction with respect to the optical axis AX.

[0560] In the present embodiment, the region 251Q is
substantially perpendicular to the optical axis AX. That is,
the region 251Q) is substantially parallel to the XY plane.
The region 253Q is substantially perpendicular to the optical
axis AX. That is, the region 253Q is substantially parallel to
the XY plane. The region 252Q) is an inclined region which
connects the region 251Q and the region 253Q. A step is
formed between the region 251Q and the region 253Q.
[0561] In the present embodiment, the region 254Q is
substantially parallel to the optical axis AX.

[0562] In the present embodiment, the region 255Q is
substantially perpendicular to the optical axis AX. That is,
the region 255Q) is substantially parallel to the XY plane.
The region 256Q is substantially perpendicular to the optical
axis AX. That is, the region 256Q is substantially parallel to
the XY plane. The region 257Q is substantially perpendicu-
lar to the optical axis AX. That is, the region 257Q is
substantially parallel to the XY plane. The region 254Q is a
region which connects the region 253Q and the region 255Q.
A step is formed between the region 253Q and the region
255Q.

[0563] With respect to the Z axis direction, the region
255Q), the region 256Q), and the region 257Q) are disposed at
substantially the same position (height). The region 255Q),
the region 256Q), and the region 257Q are positioned in
substantially the same plane.

[0564] With respect to the Z axis direction, the position of
the region 251Q, and the positions of the region 252Q), the
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region 253Q), and the region 254Q are different from one
another. With the Z axis direction, the positions of the region
252Q), the region 253Q, and the region 254Q, and the
positions of the regions 255Q), the region 256Q), and the
region 257Q) are different.

[0565] The region 252Q), the region 253Q, and the region
254Q) are disposed above (at the +Z side of) the region 251Q.
The region 255Q), the region 256Q, and the region 257Q are
disposed below (at the —-Z sides of) the region 252Q), the
region 253Q), and the region 254Q.

[0566] In the present embodiment, the region 251Q is
disposed below (at the —-Z sides of) the region 255Q), the
region 256Q), and the region 257Q. Moreover, with respect
to the Z axis direction, the position of the region 251Q, and
the positions of the region 255Q, the region 256Q), and the
region 257Q may be substantially the same.

[0567] The first member 21Q includes a recessed part 16Q
to which the second member 22Q) is able to be opposite. The
region 252Q), the region 253Q), and the region 254Q are
disposed inside the recessed part 16Q.

[0568] The region 251Q, the region 252Q), the region
253Q), the region 254Q), the region 255Q), and the region
257QQ are non-recovery regions which are not able to recover
the liquid LQ. The region 256Q is a recovery region which
is able to recover the liquid LQ. The region 256Q) includes
a liquid recovery part 42Q.

[0569] The lower surface 30Q of the second member 22Q
includes a region 301Q, and a region 302Q which is dis-
posed outside the region 301Q with respect to the optical
path AT. At least a portion of the lower surface 30Q is able
to be opposite to the substrate P (object).

[0570] A part 48Q, which is nearest to the optical path AT
in the second member 22Q, is disposed at the inner edge part
of the region 301Q.

[0571] In the present embodiment, the region 301Q is
substantially perpendicular to the optical axis AX. That is,
the region 301Q) is substantially parallel to the XY plane.
The region 302Q) also is substantially perpendicular to the
optical axis AX. That is, the region 302Q also is substan-
tially parallel to the XY plane.

[0572] With respect to the Z axis direction, the region
301Q and the region 302Q) are disposed at substantially the
same position (height). The region 301Q and the region
302Q are disposed in substantially the same plane.

[0573] The region 301Q is a non-recovery region which is
not able to recover the liquid LQ. The region 302Q is a
recovery region which is able to recover the liquid LQ. The
region 302Q includes a liquid recovery part 43Q.

[0574] At least a portion of the second member 22Q is
movable below the recessed part 16QQ. At least a portion of
the second member 22Q is movable below the region 252Q
and the region 253Q.

[0575] As shown in FIG. 29, the second member 22Q) is
movable so that the part 48Q is continuously disposed
outside the part 47Q with respect to the optical path AT.
[0576] Also in the present embodiment, the change of the
pressure, in which the terminal optical element 13 receives
from the liquid LQ in the liquid immersion space LS, is
decreased.

Seventeenth Embodiment

[0577] A seventeenth embodiment will be described. In
the descriptions below, the same reference numerals are
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assigned to the same or similar components as those of the
above-described embodiments, and descriptions thereof are
simplified or omitted here.

[0578] FIG. 30 is a view showing an example of a liquid
immersion member 5T according to the present embodi-
ment. The liquid immersion member 5T includes a first
member 21T, and a second member 22T which is movable.
[0579] The first member 21T includes a liquid supply part
41T which is able to supply the liquid LQ to form the liquid
immersion space LS, a liquid supply part 53T which is able
to supply the liquid LQ, and a liquid recovery part 42T
which is able to recover the liquid LQ. Moreover, the first
member 21T includes a protection part 211T (wall part 507T)
which is disposed between the terminal optical element 13
and the second member 22T.

[0580] The second member 22T includes a liquid recovery
part 43T which is able to recover the liquid LQ. The liquid
recovery part 43T is able to be opposite to the substrate P
(object).

[0581] The liquid supply part 41T is disposed at the first
member 21T to face the third space SP3 between the outer
surface 131 of the terminal optical element 13 and the first
member 21T. In addition, the liquid supply part 41T may be
disposed at the first member 21T to face the optical path
space SPK which includes the optical path ATL of the
exposure light EL. emitted from the emitting surface 12.
[0582] The liquid recovery part 427 is disposed to face the
first space SP1 which is formed below the lower surface 25T
of the first member 21T.

[0583] The liquid supply part 53T is disposed to face the
first space SP1 which is formed below the lower surface 25T
of the first member 21T. The first space SP1 includes the
space between the first member 21T and the second member
22T.

[0584] The liquid supply part 53T is disposed in the
movement direction of the second member 22T with respect
to the optical path AT (the optical axis of the terminal optical
element 13). In the present embodiment, the liquid supply
part 53T is disposed at each of the +X side and —X side with
respect to the optical path AT (the optical axis AX of the
terminal optical element 13).

[0585] The liquid supply part 53T is disposed at the lower
surface 25T of the first member 21T. The lower surface 25T
is disposed at the surrounding of the lower end of the first
opening part 23T through which the exposure light EL is
able to pass.

[0586] The liquid supply part 53T is formed on the lower
surface 25T, and includes an opening (liquid supply port)
which is able to supply the liquid LQ. In the present
embodiment, a plurality of liquid supply ports is disposed in
the radial direction with respect to the optical axis AX of the
terminal optical element 13. In the example shown in FIG.
30, two liquid supply ports are disposed at the +X side lower
surface 25T with respect to the optical path AT. A plurality
of (two) liquid supply ports also are disposed at the —X side
lower surface 25T with respect to the optical path AT.

[0587] FIG. 30 shows a state where the second member
22T is disposed at the origin point (center position Jm). FIG.
31 shows a state where the second member 22T is disposed
at the first end position Jr and a state where the second
member 22T is disposed at the second end position Js. In
FIG. 31, the second member 22T which is disposed at the
first end position Jr is indicated by a solid line, and the
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second member 22T which is disposed at the second end
position Js is indicated by a chain line.

[0588] Asshown in FIGS. 30 and 31, in the state where the
second member 22T is disposed at the center position Jm, or
in the state where the second member 22T is disposed at the
second end position Is, the liquid supply part 53T, which is
disposed at the +X side lower surface 25T with respect to the
optical path AT, is opposite to the second member 22T.
[0589] As shown in FIG. 31, in the state where the second
member 22T is disposed at the first end position Jr, the liquid
supply part 53T, which is disposed at the +X side lower
surface 25T with respect to the optical path AT, is not
opposite to the second member 22T, and is opposite to the
substrate P(object).

[0590] That is, the second member 22T is movable to
change from one of the state where the second member 22T
is opposite to the liquid supply part 53T and the state where
the second member 22T is not opposite to the liquid supply
part 53T to the other state. In the movement of the second
member 22T in the X axis direction, the second member 22T
is changed from one of the state where the second member
22T is opposite to the liquid supply part 53T and the state
where second member 22T is not opposite to the liquid
supply part 53T to the other state.

[0591] Moreover, although it is not shown, in the state
where the second member 22T is disposed at the center
position Jm, or in the state where the second member 227 is
disposed at the first end position Jr, the liquid supply part
53T disposed at the —X side lower surface 25T with respect
to the optical path AT is opposite to the second member 227T.
[0592] In addition, in the state where the second member
22T is disposed at the second end position Js, the liquid
supply part 53T disposed at the —X side lower surface 25T
with respect to the optical path AT is not opposite to the
second member 22T, and is opposite to the substrate P
(object).

[0593] In at least a part of a period in which the second
member 22 moves, the liquid L.Q is supplied from the liquid
supply part 53T.

[0594] In the present embodiment, as shown in FIG. 30, in
the state where the second member 22T is opposite to the
liquid supply part 53T, the liquid LQ is supplied from the
liquid supply part 53T. The liquid supply part 53T supplies
the liquid LQ to the first space SP1 between the first member
21T and the second member 22T.

[0595] Moreover, in the present embodiment, as shown in
FIG. 31, in the state where the second member 22T is not
opposite to the liquid supply part 53T, the liquid LQ is
supplied from the liquid supply part 53T. The liquid supply
part 53T supplies the liquid LQ to the space between the first
member 21T and the substrate P (object).

[0596] When the second member 22T moves in the state
where the liquid immersion space LS is formed, if bubbles
occur in the liquid LQ of the optical path space SPK
including the optical path ATL of the exposure light EL, or
a gas portion occurs in the liquid LQ of the optical path
space SPK, or the like, the optical path space SPK may not
be sufficiently filled with the liquid LQ.

[0597] In the present embodiment, since the liquid supply
part 53T is provided, the bubbles (gas portion) are prevented
from occurring in the liquid LQ of the optical path space
SPK.

[0598] FIG. 32 shows an example of the liquid immersion
member which does not include the liquid supply part 53T.
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The second member 22T includes a second opening part 28T
through which the exposure light EL is able to pass. The
second member 22T moves in the state where the liquid
immersion space LS is formed, and thus, there is a possi-
bility that the interface 1.G2 of the liquid LQ between the
second member 22T and the substrate P (object) may move
in a way to approach the second opening part 28T. For
example, the substrate P (object) moves in the Y axis
direction while the second member 22T moves in the X axis
direction, and thus, there is a possibility that the interface
LG2 of the liquid LQ may move in a way to approach the
second opening part 28T. If the interface L.G2 of the liquid
LQ moves to approach the second opening part 28T and at
least a portion of the interface LG2 moves below the second
opening part 28T, there is a possibility that the bubbles (gas
portion) may occur in the liquid LQ of the optical path space
SPK.

[0599] FIG. 33 shows an example of the liquid immersion
member 5T according to the present embodiment. The liquid
supply part 53T is provided at the liquid immersion member
5T according to the present embodiment. Accordingly, even
when the second member 22T moves in the state where the
liquid immersion space LS is formed, the interface L.G2 of
the liquid LQ between the second member 22T and the
substrate P (object) is prevented from moving to approach
the second opening part 28T, or at least a portion of the
interface L.G2 is prevented from moving below the second
opening part 28T.

[0600] That is, even when the interface [.G2 is to approach
the second opening part 28T, as shown in FIG. 33, the liquid
LQ is supplied to the space between the first member 21T
and the substrate P (object) from the liquid supply part 53T,
and thus, at least a portion of the liquid LQ flows into the
second space SP2 between the second member 22T and the
substrate P (object). In other words, the liquid LQ supplied
from the liquid supply part 53T replenishes the second space
SP2 between the second member 22T and the substrate P
(object). Accordingly, the interface LG2 of the liquid LQ is
suppressed from approaching the second opening part 28T.
Therefore, occurrences of bubbles (gas portion) in the liquid
LQ of the optical path space SPK are suppressed.

[0601] As described above, also in the present embodi-
ment, the change of the pressure, in which the terminal
optical element 13 receives from the liquid LQ in the liquid
immersion space LS, is decreased. Moreover, in the present
embodiment, since the liquid supply part 53T is provided,
occurrences of the bubbles (gas portion) in the liquid LQ are
suppressed. Accordingly, occurrences of exposure failure
and occurrence of a defective device are suppressed.

Eighteenth Embodiment

[0602] An eighteenth embodiment will be described. In
the descriptions below, the same reference numerals are
assigned to the same or similar components as those of the
above-described embodiments, and descriptions thereof are
simplified or omitted here.

[0603] FIG. 34 is a view showing an example of a liquid
immersion member 5U according to the present embodi-
ment. The liquid immersion member 5U includes a first
member 21U, and a second member 22U which is movable.
[0604] The first member 21U includes a liquid supply part
41U which is able to supply the liquid L.Q to form the liquid
immersion space LS, a liquid supply part 53U which is able
to supply the liquid LQ, and a liquid recovery part 42U
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which is able to recover the liquid LQ. Moreover, the first
member 21U includes a protection part 211U (wall part
50U) which is disposed between the terminal optical ele-
ment 13 and the second member 22U.

[0605] The second member 22U includes a liquid recovery
part 43U which is able to recover the liquid LQ. The liquid
recovery part 43U is able to be opposite to the substrate P
(object).

[0606] The first member 21U includes a lower surface
25U to which the second member 22U is able to be opposite.
The first member 21U includes a recessed part 16U. The
second member 22U is able to be opposite to the recessed
part 16U. The second member 22U is movable below the
recessed part 16U.

[0607] In the present embodiment, the liquid supply part
53U is disposed inside the recessed part 16U. The liquid
supply part 53U is disposed at a region 253U of the lower
surface 25U which is disposed inside the recessed part 16U.
[0608] FIG. 34 shows a state where the second member
22U is disposed at the origin point (center position Jm). FIG.
35 shows a state where the second member 22U is disposed
at the first end position Jr and a state where the second
member 22U is disposed at the second end position Js. In
FIG. 35, the second member 22U which is disposed at the
first end position Jr is indicated by a solid line, and the
second member 22U which is disposed at the second end
position Js is indicated by a chain line.

[0609] As shown in FIGS. 34 and 35, in the state where the
second member 22U is disposed at the center position Jm, or
in the state where the second member 22U is disposed at the
second end position Js, the liquid supply part 53U, which is
disposed at the +X side lower surface 25U with respect to
the optical path AT, is opposite to the second member 22U.
[0610] As shown in FIG. 35, in the state where the second
member 22U is disposed at the first end position Jr, the
liquid supply part 53U, which is disposed at the +X side
lower surface 25U with respect to the optical path AT, does
not face the second member 22U, and faces the substrate
P(object).

[0611] That is, also in the present embodiment, the second
member 22U is movable to change from one of the state
where the second member 22U faces the liquid supply part
53U and the state where the second member 22U does not
face the liquid supply part 53U to the other state.

[0612] Moreover, although it is not shown, in the state
where the second member 22U is disposed at the center
position Jm, or in the state where the second member 22U
is disposed at the first end position Jr, the liquid supply part
53U disposed at the —X side lower surface 25U with respect
to the optical path AT faces the second member 22U.
[0613] In addition, in the state where the second member
22U is disposed at the second end position Js, the liquid
supply part 53U disposed at the -X side lower surface 25U
with respect to the optical path AT does not face the second
member 22U, and faces the substrate P (object).

[0614] As shown in FIG. 35, also in the present embodi-
ment, in the state where the second member 22U is opposite
to the liquid supply part 53U, the liquid LQ is supplied from
the liquid supply part 53U. The liquid supply part 53U
supplies the liquid LQ to the first space SP1 between the first
member 21U and the second member 22U.

[0615] Moreover, as shown in FIG. 35, in the state where
the second member 22U is not opposite to the liquid supply
part 53U, the liquid LQ is supplied from the liquid supply
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part 53U. The liquid supply part 53U supplies the liquid L.Q
to the space between the first member 21U and the substrate
P (object).

[0616] As described above, also in the present embodi-
ment, the change of the pressure, in which the terminal
optical element 13 receives from the liquid LQ in the liquid
immersion space LS, is decreased. Moreover, in the present
embodiment, since the liquid supply part 53U is provided,
occurrences of the bubbles (gas portion) in the liquid LQ are
suppressed. Accordingly, occurrence of exposure failure and
occurrences of a defective device are suppressed.

[0617] Moreover, in the seventeenth and -eighteenth
embodiments, in at least a part of the period of the state
where the second member 22T (22U) is opposite to the
liquid supply part 53T (53U), the liquid LQ may not be
supplied from the liquid supply part 53T (53U).

[0618] In addition, in the seventeenth and eighteenth
embodiments, in at least a part of the period of the state
where the second member 22T (22U) is not opposite to the
liquid supply part 53T (53U), the liquid LQ may not be
supplied from the liquid supply part 53T (53U).

[0619] Moreover, in the seventeenth and -eighteenth
embodiments, the liquid supplied from the liquid supply part
41T (41U) and the liquid supplied from the liquid supply
part 53T (53U) may be the same kind as each other, or may
not be the same kind as each other.

[0620] In addition, in the seventeenth and eighteenth
embodiments, the liquid supplied from the liquid supply part
41T (41U) and the liquid supplied from the liquid supply
part 53T (53U) may have the same degree of cleanness as
each other, or may not have the same degree of cleanness as
each other.

[0621] Moreover, in the seventeenth and -eighteenth
embodiments, the liquid supplied from the liquid supply part
41T (41U) and the liquid supplied from the liquid supply
part 53T (53U) may have the same temperature as each
other, or may not have the same temperature as each other.

Nineteenth Embodiment

[0622] A nineteenth embodiment will be described. In the
descriptions below, the same reference numerals are
assigned to the same or similar components as those of the
above-described embodiments, and descriptions thereof are
simplified or omitted here.

[0623] FIG. 36 is a view showing an example of the
exposure apparatus EX according to the present embodi-
ment. The exposure apparatus EX includes a liquid immer-
sion member 5W which forms the liquid immersion space
LS. The liquid immersion member 5W includes a first
member 21W which is disposed at the surrounding of the
terminal optical element 13, and a second member 22W in
which at least a portion is disposed below the first member
21W, is able to be opposite to the substrate P (object), and
is movable outside the optical path AT of the exposure light
EL.

[0624] The exposure apparatus EX includes a protection
member 54 which protects the terminal optical element 13.
The protection member 54 is a member separated from the
liquid immersion member SW. The protection member 54 is
disposed at at least a portion of the surrounding of the
terminal optical element 13. In the present embodiment, a
portion of the protection member 54 is disposed to face the
outer surface 131 of the terminal optical element 13 via a
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gap. A portion of the protection member 54 is disposed to
face the emitting surface 12 of the terminal optical element
13 via a gap.

[0625] The protection member 54 decreases the change in
the pressure in which the terminal optical element 13
receives from the liquid LQ in the liquid immersion space
LS. At least a portion of the protection member 54 is
disposed between the terminal optical element 13 and the
liquid immersion member 5W outside the optical path AT. At
least a portion of the protection member 54 is disposed
between the terminal optical element 13 and the second
member 22W outside the optical path AT.

[0626] For example, the protection member 54 may be
supported by a support apparatus which supports the pro-
jection optical system PL. For example, the protection
member 54 may be supported by the reference frame 8A.
For example, the protection member 54 may be supported by
the apparatus frame 8B.

[0627] As described above, also in the present embodi-
ment, the change of the pressure, in which the terminal
optical element 13 receives from the liquid LQ in the liquid
immersion space LS, is decreased. Accordingly, occurrences
of'exposure failure and occurrences of a defective device are
suppressed.

[0628] In addition, in the first to nineteenth embodiments,
the size (distance G156 or the like) in the Z axis direction of
the first space SP1 may be determined to decrease the
change in the pressure in which the terminal optical element
13 receives from the liquid LQ in the liquid immersion space
LS. In order to decrease the change in the pressure in which
the terminal optical element 13 receives from the liquid LQ
in the liquid immersion space LS, the size (distance G1b or
the like) in the Z axis direction of the first space SP1 may be
adjusted (changed).

[0629] Moreover, in the first to nineteenth embodiments,
as shown in FIG. 37, the second opening part (28 or the like)
provided at the second member (22 or the like) may be
formed in a hexagonal shape.

[0630] Moreover, in each of the above-described embodi-
ments, the first member (21 or the like) may not be an
annular shape. The first member (21 or the like) may be
disposed at at least a portion of the surrounding of the optical
path AT (terminal optical element 13). A plurality of the first
members (21 or the like) may be disposed at the surrounding
of the optical path AT.

[0631] Moreover, in each of the above-described embodi-
ments, the second member (22 or the like) may not be an
annular shape. The second member (22 or the like) may be
disposed at at least a portion of the surrounding of the optical
path AT (terminal optical element 13). A plurality of the
second members (22 or the like) may be disposed at the
surrounding of the optical path AT.

[0632] Inaddition, in each of the above-described embodi-
ments, the liquid recovery parts (42, 42Q, 427, or the like)
which recover the liquid from the first space SP1 may not be
provided. Moreover, instead of the liquid recovery part (42
or the like) provided at the first member (21 or the like), or
in addition to the liquid recovery part (42 or the like)
provided at the first member (21 or the like), a liquid
recovery part which recovers the liquid from the first space
SP1 may be provided at the second member (22 or the like).
[0633] In addition, in the first to nineteenth embodiments,
a thickness of the second member at the surrounding of the
second opening part (28 or the like) of the second member
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(22 or the like) may not be uniform. For example, as shown
in FIG. 40A, a recessed part 4000 is formed on the lower
surface of the second member, and thus, the thickness of the
second member on both sides of the second opening part in
the X axis direction may be thinner than the thickness of the
second member on both sides of the second opening part in
the Y axis direction. Accordingly, in the vicinity of the
second opening part, the size in the Z axis direction of the
second space SP2 on both sides of the second opening part
in the X axis direction is larger than the size in the Z axis
direction of the second space SP2 on both sides of the
second opening part in the Y axis direction. Accordingly, the
liquid LQ easily flows in the second space SP2 in the X axis
direction. Therefore, for example, even when the second
member moves in the X axis direction, the interface LG2 of
the liquid immersion space LS can be suppressed from
approaching the optical path ATL. In addition, the pressure
of'the liquid LQ in the liquid immersion space LS below the
terminal optical element 13 is able to be suppressed from
increasing, and an effect for suppressing the displacement of
the terminal optical element 13 is able to be expected. It is
needless to say that the shape, the position, and the size of
the recessed part 40000t the second member is not limited
to FIG. 40, which causes the size in the Z direction of a
portion of the second space SP2 on both sides of the second
opening part in the X axis direction to be larger than the size
in the Z axis direction of the second space SP2 on both sides
of the second opening part in the Y axis direction. For
example, as shown in FIGS. 40B and 40C, the recessed part
4000 may be formed at a position away from the second
opening part between the second opening part (28 or the
like) and the liquid recovery part (43 or the like).

[0634] Moreover, as shown in FIG. 40D, the recessed part
4000 may be provided at the lower surface of the second
member from the second opening part (28 or the like) to the
liquid recovery part (43 or the like) on both sides of the
second opening part in the X axis direction so that the size
in the Z axis direction of the second space SP2 is larger than
the size in the Z axis direction of the second space SP2 on
both sides of the second opening part in the Y axis direction.

[0635] In addition, in the first to nineteenth embodiments,
in order to decrease the change in the pressure in which the
terminal optical element 13 receives from the liquid LQ in
the liquid immersion space LS, a supply amount of the liquid
LQ from the liquid supply part 41 may be changed. For
example, when the second member (22 or the like) moves in
the -X axis direction, the liquid supply amount from the
liquid supply part 41 positioned at the +X side of the
terminal optical element 13 may be made smaller than the
liquid supply amount from the liquid supply part 41 posi-
tioned at the —X side of the terminal optical element 13, and
when the second member (22 or the like) moves in the +X
axis direction, the liquid supply amount from the liquid
supply part 41 positioned at the —X side of the terminal
optical element 13 may be made smaller than the liquid
supply amount from the liquid supply part 41 positioned at
the +X side of the terminal optical element 13.

[0636] Moreover, in the first to nineteenth embodiments,
in order to decrease the change in the pressure in which the
terminal optical element 13 receives from the liquid LQ in
the liquid immersion space LS, a liquid supply part different
from the liquid supply part 41 may be provided. For
example, as shown in FIG. 41(a), a liquid supply part 4141
may be provided at the first member 21. For example, when
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the second member (22 or the like) moves in the -X axis
direction, the liquid supply amount from the liquid supply
part 4141 positioned at the +X side of the terminal optical
element 13 may be made smaller than the liquid supply
amount from the liquid supply part 4141 positioned at the
-X side of the terminal optical element 13, and when the
second member (22 or the like) moves in the +X axis
direction, the liquid supply amount from the liquid supply
part 4141 positioned at the —-X side of the terminal optical
element 13 may be made smaller than the liquid supply
amount from the liquid supply part 4141 positioned at the
+X side of the terminal optical element 13. In this case, the
supply of the liquid LQ from the liquid supply part 41 is
performed to be similar to the above-described first to
nineteenth embodiments.

[0637] In addition, in the first to nineteenth embodiments,
a liquid recovery part, which decreases the change in the
pressure in which the terminal optical element 13 receives
from the liquid LQ in the liquid immersion space LS, may
be provided. For example, as shown in FIG. 41(b), a liquid
recovery part 4143 may be provided at the first member 21.
For example, when the second member (22 or the like)
moves in the —X axis direction, the liquid recovery amount
from the liquid recovery part 4143 positioned at the +X side
of the terminal optical element 13 may be made larger than
the liquid recovery amount from the liquid recovery part
4143 positioned at the —X side of the terminal optical
element 13, and when the second member (22 or the like)
moves in the +X axis direction, the liquid recovery amount
from the liquid recovery part 4143 positioned at the —X side
of the terminal optical element 13 may be made larger than
the liquid recovery amount from the liquid recovery part
4143 positioned at the +X side of the terminal optical
element 13.

[0638] Moreover, as described above, when the change of
the pressure, in which the terminal optical element 13
receives from the liquid LQ in the liquid immersion space
LS, is able to be decreased by at least one of the liquid
supply and the liquid recovery, the first member 21 may not
have the function which protects the terminal optical ele-
ment 13, and as shown in FIG. 36, the protection member 54
may not be provided.

[0639] Moreover, in the first to nineteenth embodiments,
the modifications, or the like, in order to decrease the change
in the pressure in which the terminal optical element 13
receives from the liquid LQ in the liquid immersion space
LS, the first member 21 may be moved. In this case, the first
member 21 may not have the function which protects the
terminal optical element 13, and as shown in FIG. 36, the
protection member 54 may not be provided.

[0640] In addition, in the first to nineteenth embodiments,
the modifications, or the like, an actuator which applies a
force to the terminal optical element 13 or the like may be
provided so that the position of the terminal optical element
13 is not changed or the terminal optical element 13 is not
inclined even when the pressure, in which the terminal
optical element 13 receives from the liquid LQ in the liquid
immersion space LS, is changed. In this case, the first
member 21 may not have the function which protects the
terminal optical element 13, and as shown in FIG. 36, the
protection member 54 may not be provided.

[0641] Moreover, in the first to nineteenth embodiments,
the modifications, or the like, the projection optical system
PL. may be adjusted or the position (movement) of the
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substrate stage 2 may be controlled so that a state of an
image projected on the substrate P is deteriorated or the
image is not projected at a position different from a desired
position on the substrate P even when the pressure, in which
the terminal optical element 13 receives from the liquid LQ
in the liquid immersion space LS, is changed. In this case,
the first member 21 may not have a function which protects
the terminal optical element 13, and as shown in FIG. 36, the
protection member 54 may not be provided.

[0642] Inaddition, in each of the above-described embodi-
ments, the controller 6 includes a computer system which
includes a CPU or the like. In addition, the controller 6
includes an interface which is able to perform communica-
tion with a computer system and an external apparatus. For
example, the storage apparatus 7 includes a memory such as
a RAM, a hard disk, and a recording medium such as a
CD-ROM. In the storage apparatus 7, an operating system
(OS) which controls the computer system is installed and a
program of controlling the exposure apparatus EX is stored.
[0643] Moreover, an input apparatus which is able to input
signals may be connected to the controller 6. The input
apparatus includes input equipment such as a keyboard or a
mouse, a communication apparatus or the like which is able
to input data from the external apparatus, and the like.
Moreover, a display apparatus such as a liquid crystal
display may also be provided.

[0644] The controller (computer system) 6 is able to read
various information which includes the programs which are
recorded in the storage apparatus 7. Programs are recorded
in the storage apparatus 7, and the programs make the
controller 6 perform the control of the liquid immersion
exposure apparatus which exposes the substrate by the
exposure light via the liquid filled in the optical path of the
exposure light between the emitting surface of the optical
member from which the exposure light is emitted and the
substrate.

[0645] According to the above-described embodiments,
the programs which are recorded in the storage apparatus 7
may make the controller 6 perform: forming a liquid immer-
sion space of a liquid on the substrate movable below the
optical member by using a liquid immersion member that
includes a first member which is disposed at at least a
portion of surrounding of the optical member, a second
member which includes at least a portion disposed below the
first member, which is capable of being opposite to the
object, and which is movable outside an optical path of the
exposure light, and a protection part which protects the
optical member; exposing the substrate by the exposure light
emitted from the emitting surface via the liquid in the liquid
immersion space; moving the second member with respect
to the first member in at least a part of an exposure of the
substrate; and decreasing a change of a pressure, which the
optical member receives from the liquid in the liquid immer-
sion space, by use of the protection part.

[0646] Moreover, according to the above-described
embodiments, the programs which are recorded in the stor-
age apparatus 7 may make the controller 6 perform: forming
a liquid immersion space of a liquid on the substrate
movable below the optical member by using a liquid immer-
sion member that includes a first member which is disposed
at at least a portion of surrounding of the optical member,
and a second member which includes at least a portion
disposed below the first member, which is capable of being
opposite to the object, and which is movable outside an
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optical path of the exposure light, in which the first member
includes a wall part disposed between the optical member
and the second member, the second member includes a
second upper surface and a second lower surface which is
capable of being opposite to a surface of the object, and a
lowermost part of the wall part is disposed at a same height
as the second upper surface or is disposed below the second
upper surface; exposing the substrate by the exposure light
emitted from the emitting surface via the liquid in the liquid
immersion space; and moving the second member with
respect to the first member in at least a part of an exposure
of the substrate.

[0647] In addition, according to the above-described
embodiments, the programs which are recorded in the stor-
age apparatus 7 may make the controller 6 perform: forming
a liquid immersion space of a liquid on the substrate
movable below the optical member by using a liquid immer-
sion member that includes a first member which is disposed
at at least a portion of surrounding of the optical member,
and a second member which includes at least a portion
disposed below the first member, which is capable of being
opposite to the object, and which is movable outside an
optical path of the exposure light, in which the first member
includes a wall part disposed between the optical member
and the second member, the second member includes a
second upper surface and a second lower surface which is
capable of being opposite to a surface of the object, and a
lowermost part of the wall part is disposed at a same height
as the second lower surface or is disposed below the second
lower surface; exposing the substrate by the exposure light
emitted from the emitting surface via the liquid in the liquid
immersion space; and moving the second member with
respect to the first member in at least a part of an exposure
of the substrate.

[0648] Moreover, according to the above-described
embodiments, the programs which are recorded in the stor-
age apparatus 7 may make the controller 6 perform: forming
a liquid immersion space of a liquid on the substrate
movable below the optical member by using a liquid immer-
sion member that includes a first member which is disposed
at at least a portion of surrounding of the optical member,
and a second member which includes at least a portion
disposed below the first member, which is capable of being
opposite to the object, and which is movable outside an
optical path of the exposure light, in which the first member
includes a wall part disposed between the optical member
and the second member, the second member includes a
second upper surface and a second lower surface which is
capable of being opposite to a surface of the object, a
lowermost part of the wall part is disposed above the second
upper surface of the second member, a gap is formed
between the first member and the second upper surface
outside the lowermost part with respect to the optical path,
and the distance between the lowermost part and the second
upper surface is smaller than a size of the gap in a direction
parallel to the optical axis of the optical member; exposing
the substrate by the exposure light emitted from the emitting
surface via the liquid in the liquid immersion space; and
moving the second member with respect to the first member
in at least a part of an exposure of the substrate.

[0649] In addition, according to the above-described
embodiments, the programs which are recorded in the stor-
age apparatus 7 may make the controller 6 perform: forming
a liquid immersion space of a liquid on the substrate
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movable below the optical member by using a liquid immer-
sion member that includes a first member which is disposed
at at least a portion of surrounding of an optical path of the
exposure light, and a second member which includes at least
a portion disposed below the first member, which is capable
of being opposite to the object, and which is movable
outside the optical path, in which the first member includes
a wall part disposed between the optical member and the
second member, the wall part includes a first part nearest to
the optical path, the second member includes a second part
nearest to the optical path, and the second part is continu-
ously disposed outside the first part with respect to the
optical path in a movement period of the second member;
exposing the substrate by the exposure light emitted from
the emitting surface via the liquid in the liquid immersion
space; and moving the second member with respect to the
first member in at least a part of an exposure of the substrate.

[0650] Moreover, according to the above-described
embodiments, the programs which are recorded in the stor-
age apparatus 7 may make the controller 6 perform: forming
a liquid immersion space of a liquid on the substrate
movable below the optical member by using a liquid immer-
sion member that includes a first member which is disposed
at at least a portion of surrounding of the optical member,
and a second member which includes at least a portion
disposed below the first member, which is capable of being
opposite to the object, and which is movable outside an
optical path of the exposure light emitted from the emitting
surface, in which the first member includes a first lower
surface in which at least a portion is able to be opposite to
the second member, and the first lower surface includes a
first region, and a second region which is disposed outside
the first region with respect to the optical path and which is
disposed above the first region; exposing the substrate by the
exposure light emitted from the emitting surface via the
liquid in the liquid immersion space; and moving the second
member with respect to the first member in at least a part of
an exposure of the substrate.

[0651] In addition, according to the above-described
embodiments, the programs which are recorded in the stor-
age apparatus 7 may make the controller 6 perform: forming
a liquid immersion space of a liquid on the substrate
movable below the optical member by using a liquid immer-
sion member that includes a first liquid supply part which is
configured to supply the first liquid, a first member which is
disposed at at least a portion of surrounding of the optical
member, a second member which includes at least a portion
disposed below the first member, which is capable of being
opposite to the object, and which is movable outside an
optical path of the exposure light, and a second liquid supply
part which is configured to supply a second liquid, in which
the second member is moved so that one of a first state and
a second state is changed to the other state, the first state
being a state in which the second member is opposite to the
second liquid supply part and the second state being a state
in which the second member is not opposite to the second
supply part; exposing the substrate by the exposure light
emitted from the emitting surface via the liquid in the liquid
immersion space; and moving the second member with
respect to the first member in at least a part of an exposure
of the substrate.

[0652] In addition, according to the above-described
embodiments, the programs which are recorded in the stor-
age apparatus 7 may make the controller 6 perform: forming
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a liquid immersion space of a liquid on the substrate
movable below the optical member by using a liquid immer-
sion member that includes a first member which is disposed
at at least a portion of surrounding of the optical member,
and a second member which includes at least a portion
disposed below the first member, which is capable of being
opposite to the object, and which is movable outside an
optical path of the exposure light; exposing the substrate by
the exposure light emitted from the emitting surface via the
liquid in the liquid immersion space; moving the second
member with respect to the first member in at least a part of
an exposure of the substrate; and decreasing a change of a
pressure, which the optical member receives from the liquid
in the liquid immersion space, by use of a protection part.
[0653] The programs which are stored in the storage
apparatus 7 are read by the controller 6, and thus, various
apparatuses of the exposure apparatus EX such as the
substrate stage 2, the measurement stage 3, and the liquid
immersion member 5 cooperate with one another and per-
form various processing such as the liquid immersion expo-
sure of the substrate P in the state where the liquid immer-
sion space LS is formed.

[0654] Moreover, in each of the above-described embodi-
ments, the optical path ATL on the emitting surface 12 side
(image surface side) of the terminal optical element 13 of the
projection optical system PL is filled with the liquid LQ.
However, for example, the projection optical system PL. may
be the projection optical system in which the optical path of
the incident side (object surface side) at the terminal optical
element 13 is also filled with the liquid LQ as disclosed in
PCT International Publication No. WO 2004/019128.
[0655] Inaddition, in each of the above-described embodi-
ments, the liquid LQ is water. However, the liquid may be
liquid other than the water. Preferably, the liquid LQ is
transparent with respect to the exposure light EL, has high
refractive index with respect to the exposure light EL., and
is stable with respect to the projection optical system PL or
the film of a photosensitive material (photoresist) which
forms the surface of the substrate P or the like. For example,
the liquid LQ may be fluorinated liquid such as hydrofluo-
roether (HFE), perfluorinated polyether (PFPE), and Fom-
blin® oil. Moreover, the liquid LQ may be various fluids,
such as, for example, supercritical liquid.

[0656] Moreover, in each of the above-described embodi-
ment, the substrate P includes a semiconductor wafer used to
manufacture a semiconductor device. However, for
example, the substrate P includes a glass substrate for a
display device, a ceramic wafer for a thin film magnetic
head, a mask or an original plate (synthetic quartz, silicon
wafer) of a reticle which is used in an exposure apparatus,
or the like.

[0657] Moreover, in each of the above-described embodi-
ments, the exposure apparatus EX is a scanning type expo-
sure apparatus (scanning stepper) of a step-and-scan system
in which the mask M and the substrate P synchronously
move and the patterns of the mask M are scanned and
exposed. However, for example, the exposure apparatus EX
may be a projection exposure apparatus (stepper) of a
step-and-repeat system in which patterns of the mask M are
collectively exposed in a state where the mask M and the
substrate P are stationary and the substrate P is sequentially
step-moved.

[0658] In addition, the exposure apparatus EX may be an
exposure apparatus (a collective exposure apparatus of a
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stitch system) in which, in the exposure of a step-and-repeat
system, after the reduced image of a first pattern is trans-
ferred on the substrate P using the projection optical system
in a state where the first pattern and the substrate P are
substantially stationary, the reduced image of a second
pattern is partially overlapped with the first pattern using the
projection optical system and is collectively exposed on the
substrate P in a state where the second pattern and the
substrate P are substantially stationary. Moreover, the expo-
sure apparatus of the stitch system may be an exposure
apparatus of a step-and-stitch system in which at least two
patterns are partially overlapped on the substrate P and
transferred thereto, and the substrate P is sequentially
moved.

[0659] In addition, for example, the exposure apparatus
EX may be an exposure apparatus in which patterns of two
masks are combined on the substrate via the projection
optical system and one shot region on the substrate is
approximately simultaneously double-exposed by single
scanning exposure, as disclosed in U.S. Pat. No. 6,611,316.
Moreover, the exposure apparatus EX may be an exposure
apparatus of a proximity system, a mirror projection aligner,
or the like.

[0660] Inaddition, in each of the above-described embodi-
ments, the exposure apparatus EX may be an exposure
apparatus of a twin stage type which includes a plurality of
substrate stages, as disclosed in U.S. Pat. No. 6,341,007,
U.S. Pat. No. 6,208,407, U.S. Pat. No. 6,262,796, or the like.
For example, as shown in FIG. 38, when the exposure
apparatus EX includes two substrate stages 2001 and 2002,
the object which is able to be disposed so as to be opposite
to the emitting surface 12 includes at least one of one
substrate stage, a substrate which is held by a first holding
part of the one substrate stage, another substrate stage, and
a substrate which is held by a first holding part of another
substrate stage.

[0661] Moreover, the exposure apparatus EX may be an
exposure apparatus which includes the plurality of substrate
stages and measurement stages.

[0662] The exposure apparatus EX may be an exposure
apparatus used to manufacture a semiconductor element
which exposes a semiconductor element pattern on the
substrate P, an exposure apparatus used to manufacture a
liquid crystal display element or a display, or an exposure
apparatus used to manufacture a thin film magnetic head, an
imaging element (CCD), a micromachine, a MEMS, a DNA
chip, or a reticle or mask, or the like.

[0663] Moreover, in each of the above-described embodi-
ments, the light transmission type mask is used in which a
predetermined light shielding pattern (or a phase pattern, a
dimming pattern) is formed on the substrate having light
transparency. However, instead of this mask, for example, as
disclosed in U.S. Pat. No. 6,778,257, a variable molding
mask (also referred to as an electronic mask, an active mask,
or an image generator) may be used which forms a trans-
parent pattern, a reflective pattern, or a light-emitting pattern
based on electronic data of the pattern to be exposed. In
addition, instead of the variable molding masks which
include a non-light emission type image display element, a
pattern-forming apparatus which includes a self light-emis-
sion type image display element may be provided.

[0664] In each of the above-described embodiments, the
exposure apparatus EX includes the projection optical sys-
tem PL. However, the components in each of the above-
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described embodiments may be applied to an exposure
apparatus and an exposing method which do not use the
projection optical system PL. For example, the components
in each of the above-described embodiments may be applied
to an exposure apparatus and an exposing method in which
the liquid immersion space is formed between an optical
member such as a lens and the substrate and the exposure
light is radiated to the substrate via the optical member.
[0665] Moreover, for example, the exposure apparatus EX
may be an exposure apparatus (a lithography system) in
which interference fringes are formed on the substrate P, and
thus, a line-and-space pattern is exposed on the substrate P,
as disclosed in PCT International Publication No. WO
2001/035168.

[0666] The exposure apparatuses EX of the above-de-
scribed embodiments are manufactured by assembling vari-
ous subsystems including each above-described component
s0 as to maintain predetermined mechanical accuracy, elec-
trical accuracy, and optical accuracy. In order to secure the
various accuracies, before and after the assembly, adjust-
ment for achieving optical accuracy with respect to various
optical systems, adjustment for achieving mechanical accu-
racy with respect to various mechanical systems, and adjust-
ment for achieving electrical accuracy with respect to vari-
ous electrical systems are performed. The process of
assembling the exposure apparatus from various subsystems
includes mechanical connections, wiring connections of
electric circuits, piping connections of air-pressure circuits,
or the like between various subsystems. Of course, the
respective assembly processes of each subsystem are needed
before the assembly process from various subsystems to the
exposure apparatus. After the assembly process of exposure
apparatus by various subsystems is terminated, a general
adjustment is performed, and thus, various accuracies in the
overall exposure apparatus are secured. Moreover, prefer-
ably, the manufacturing of the exposure apparatus is per-
formed in a clean room in which temperature, a degree of
cleanness, or the like is controlled.

[0667] As shown in FIG. 39, a micro-device such as a
semiconductor device is manufactured through a step 201 in
which the function and performance design of the micro-
device is performed, a step 202 in which a mask (reticle) is
manufactured based on the design step, a step 203 in which
a substrate which is a base material of the device is manu-
factured, a substrate processing step 204 which includes the
substrate processing (exposure processing) including expos-
ing the substrate by the exposure light from the pattern of the
mask and developing the exposed substrate according to the
above-described embodiments, a device assembly step
(which includes manufacturing processes such as a dicing
process, a bonding process, and a package process) 205, an
inspection step 206, or the like.

[0668] Moreover, the aspects of each of the above-de-
scribed embodiments may be appropriately combined. In
addition, some components may not be used. Moreover, as
long as legally permitted, the disclosures of all publications
and United States Patents with respect to the exposure
apparatuses or the like cited in each of the above-mentioned
embodiments and modifications are incorporated in the
disclosures of the present application.
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What is claimed is:

1. A liquid immersion exposure apparatus comprising:

a movable stage having a holder on which a substrate is
held;

a projection system having an optical member; and

a liquid immersion member to form a liquid immersion
space under the projection system, which includes (i) a
liquid supply part, (ii) a liquid recovery part, (iii) a first
member surrounding the optical member, and (iv) a
second member that is movable outside an optical path
of the exposure light relative to the first member,
wherein

the second member has the liquid recovery part,

the second member moves in a direction perpendicular to
an optical axis of the optical member so that a relative
speed between the second member and the movable
stage is smaller than a relative speed between the first
member and the movable stage,

the amount of the liquid to be supplied via the liquid
supply part is changed depending on the movement of
the second member,

the substrate is exposed with exposure light via liquid in
the liquid immersion space, and

the liquid is recovered via the liquid recovery part from
above the substrate such that the liquid immersion
space covers a portion of an upper surface of the
substrate.

2. The apparatus according to claim 1, wherein

the liquid immersion member has the liquid recovery part
as a first liquid recovery part and a second liquid
recovery part, and

the amount of the liquid to be recovered via the second
liquid recovery part is changed depending on the move-
ment of the second member.

3. A liquid immersion exposure apparatus comprising:

a movable stage having a holder on which a substrate is
held;

a projection system having an optical member; and

a liquid immersion member to form a liquid immersion
space under the projection system, which includes (i) a
liquid supply part, (ii) a first liquid recovery part (iii) a
second liquid recovery part, (iv) a first member sur-
rounding the optical member, and (v) a second member
that is movable outside an optical path of the exposure
light relative to the first member, wherein

the second member has the first liquid recovery part,

the second member moves in a direction perpendicular to
an optical axis of the optical member so that a relative
speed between the second member and the movable
stage is smaller than a relative speed between the first
member and the movable stage,

the amount of the liquid to be recovered via the second
liquid recovery part is changed depending on the move-
ment of the second member,

the substrate is exposed with exposure light via liquid in
the liquid immersion space, and

the liquid is recovered via the first liquid recovery part
from above the substrate such that the liquid immersion
space covers a portion of an upper surface of the
substrate.



