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(57) ABSTRACT

An exposure apparatus can suppress the occurrence of
residual liquid. An exposure apparatus includes: a first stage
that holds the substrate and is movable; a second stage that is
movable independently of the first stage; and a liquid immer-
sion mechanism that forms a liquid immersion region of a
liquid on an upper surface of at least one stage of the first stage
and the second stage; wherein, a recovery port that is capable
of'recovering the liquid is provided to the upper surface of the

31, 2005. second stage.
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EXPOSURE APPARATUS AND DEVICE
FABRICATING METHOD

[0001] This is a Divisional of U.S. patent application Ser.
No. 12/007,348, filed Jan. 9, 2008, which in turn is a Divi-
sional of U.S. patent application Ser. No. 11/666,420, which
is the U.S. National Stage of International Application No.
PCT/IP2005/020020 filed Oct. 31, 2005. The disclosure of
each of the above-identified applications is incorporated
herein by reference in its entirety. The present application
claims priority to Japanese Patent Application No. 2004-
318017 filed on Nov. 1, 2004, and the contents thereof are
incorporated herein by reference.

TECHNICAL FIELD

[0002] The present invention relates to an exposure appa-
ratus that exposes a substrate through a projection optical
system, and a device fabricating method.

BACKGROUND ART

[0003] Theprocess of photolithography, which is one of the
processes for manufacturing a microdevice such as a semi-
conductor device and a liquid crystal display device, uses an
exposure apparatus that projects the image of a pattern
formed on a mask onto a photosensitive substrate. This expo-
sure apparatus comprises a mask stage that supports a mask as
well as a substrate stage that supports a substrate, and projects
an image of'the pattern of the mask onto the substrate through
a projection optical system while successively moving the
mask stage and the substrate stage. In addition, there are
exposure apparatuses that are designed, for example, to
improve throughput by providing two independently move-
able stages on the image plane side of the projection optical
system. In microdevice fabrication, there is a demand to
increase the fineness of the patterns formed on substrates in
order to increase device density. To meet this demand, it is
preferable to further increase the resolution of exposure appa-
ratuses. As one means to achieve this increase in resolution,
an immersion exposure apparatus has been proposed, as dis-
closed in Patent Document 1 below, that forms a liquid
immersion region by filling a liquid between the projection
optical system and the substrate, and performs an exposure
process through the liquid of that liquid immersion region.
Patent Document 1 : PCT International Publication No. WO
99/49504

DISCLOSURE OF INVENTION

Problems to be Solved by the Invention

[0004] Inanimmersion exposure apparatus, there are cases
(for example, during maintenance) wherein it is desired to
recover all of the liquid of the liquid immersion region. In
such a case, if the liquid is not fully recovered and some
remains, then there is a possibility that the residual liquid will
scatter to the various equipment that constitute the exposure
apparatus and adversely affect that equipment. In addition,
there is a risk that the residual liquid will cause fluctuations in
the environment (for example, its humidity) wherein the
exposure apparatus is disposed, and thereby adversely affect,
for example, exposure and measurement accuracies.

[0005] A purpose of some aspects of the invention is to
provide an exposure apparatus that can maintain a desired
performance by suppressing the occurrence of residual lig-
uid, and a device fabricating method.
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Means for Solving the Problem

[0006] A first aspect of the present invention provides an
exposure apparatus that exposes a substrate through a projec-
tion optical system, comprising: a first stage that holds the
substrate and is movable within a two dimensional plane on
the image plane side of the projection optical system that is
substantially parallel to the image plane; a second stage that is
movable independently of the first stage within a two dimen-
sional plane on the image plane side of the projection optical
system that is substantially parallel to the image plane; and a
liquid immersion mechanism that forms a liquid immersion
region of a liquid on an upper surface of at least one stage of
the first stage and the second stage; wherein, a recovery port
that is capable of recovering the liquid is provided to or in the
vicinity of the upper surface of the second stage.

[0007] According to the first aspect of the invention, the
recovery port that recovers the liquid is provided to or in the
vicinity of the upper surface of the second stage, which is
disposed on the image plane side of the projection optical
system, and it is therefore possible to satisfactorily recover
the liquid and to suppress the occurrence of residual liquid.
[0008] A second aspect of the present invention provides a
device fabricating method, wherein an exposure apparatus
according to the above aspect is used.

[0009] According to the second aspect of the invention, it is
possible to fabricate a device with an exposure apparatus that
maintains a desired performance.

Effects of the Invention

[0010] According to the present invention, it is possible to
suppress the occurrence of residual liquid, and to perform the
exposure process and the measurement process with good
accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a schematic block diagram that shows the
exposure apparatus according to a first embodiment.

[0012] FIG. 2 is a cross sectional view of a substrate stage.
[0013] FIG. 3 is a plan view of the substrate stage.

[0014] FIG. 4 is a cross sectional view of a measurement
stage.

[0015] FIG. 5 is a plan view of the measurement stage.
[0016] FIG. 6 is a plan view of the substrate stage and the

measurement stage, viewed from above.

[0017] FIG. 7A is for explaining the operation of the sub-
strate stage and the measurement stage.

[0018] FIG. 7B is for explaining the operation of the sub-
strate stage and the measurement stage.

[0019] FIG. 8A is for explaining the operation of the sub-
strate stage and the measurement stage.

[0020] FIG. 8B is for explaining the operation of the sub-
strate stage and the measurement stage.

[0021] FIG. 9 is for explaining the state wherein the liquid
immersion area is moving.

[0022] FIG. 10 is for explaining the state wherein the liquid
of the liquid immersion area is being recovered.

[0023] FIG. 11 shows the exposure apparatus according to
a second embodiment.

[0024] FIG. 12 shows the exposure apparatus according to
a third embodiment.

[0025] FIG. 13 shows the exposure apparatus according to
a fourth embodiment.
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[0026] FIG. 14 shows the exposure apparatus according to
a fifth embodiment.

[0027] FIG. 15 is a flow chart diagram that depicts one
example of a process for fabricating a microdevice.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0028] The following explains the embodiments of the
present invention, referencing the drawings, but the present
invention is not limited thereto.

First Embodiment

[0029] FIG. 1 is a schematic block diagram that shows an
exposure apparatus according to a first embodiment. In FIG.
1, an exposure apparatus EX comprises: a movable mask
stage MST that holds a mask M; a movable substrate stage
ST1 that holds a substrate P; a movable measurement stage
ST2 on which measuring instruments that perform measure-
ments related to an exposure process are mounted; an illumi-
nation optical system IL that illuminates the mask M sup-
ported by the mask stage MST with exposure light EL; a
projection optical system PL, which projects an image of the
pattern of the mask M illuminated by the exposure light ELL
onto the substrate P held by the substrate stage ST1; and a
control apparatus CONT that performs supervisory control of
the entire operation of the exposure apparatus EX. The sub-
strate stage ST1 and the measurement stage ST2, which are
each movably supported on a base member BP, are indepen-
dently movable. A gas bearing 141 that noncontactually sup-
ports the substrate stage ST1 on an upper surface 13T of the
base member BP is provided to a lower surface Ul of the
substrate stage ST1. Likewise, a gas bearing 142 for noncon-
tactually supporting the measurement stage ST2 on the upper
surface BT of the base member BP is provided to a lower
surface U2 of the measurement stage ST2. The substrate stage
ST1 and the measurement stage ST2 are each independently
movable within a two dimensional plane (XY plane) on the
image plane side of the projection optical system PL that is
substantially parallel to that image plane.

[0030] The exposure apparatus EX of the present embodi-
ment is a liquid immersion exposure apparatus that adapts the
liquid immersion method to substantially shorten the expo-
sure wavelength, improve the resolution, as well as substan-
tially increase the depth of focus, and comprises a liquid
immersion mechanism 1 for forming a liquid immersion
region LR of a liquid LQ on the image plane side of the
projection optical system PL. The liquid immersion mecha-
nism 1 comprises: a nozzle member 70, which is provided in
the vicinity of the image plane side of the projection optical
system PL, has supply ports 12 that supply the liquid LQ and
recovery ports 22 that recover the liquid LQ; a liquid supply
mechanism 10 that supplies the liquid LQ to the image plane
side of the projection optical system PL through the supply
ports 12 provided to the nozzle member 70; and a liquid
recovery mechanism 20 that recovers the liquid L.Q on the
image plane side of the projection optical system PL through
the recovery ports 22 provided to the nozzle member 70. The
nozzle member 70 is annularly formed so that it surrounds a
tip portion of the projection optical system PL on the image
plane side. At least during the projection of the image of the
pattern of the mask M onto the substrate P, the liquid immer-
sion mechanism [ uses the liquid LQ that is supplied by the
liquid supply mechanism 10 to locally faun the liquid immer-
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sion region LR of the liquid L.Q, which is larger than a pro-
jection area AR and smaller than the substrate P, on one part
of the substrate P that includes the projection area AR of the
projection optical system PL. Specifically, the exposure appa-
ratus EX employs a local liquid immersion system that fills
the liquid LQ in the space of the optical path that is between
a lower surface LSA of a first optical element [.S1, which is
closest to the image plane of the projection optical system PL,
and one part of the upper surface of the substrate P that is
disposed on the image plane side of the projection optical
system PL, and then exposes the substrate P by projecting a
pattern of the mask M onto the substrate P by irradiating such
with the exposure light EL that passes through the mask M via
the projection optical system PL and the liquid L.Q that forms
the liquid immersion region LR.

[0031] Inaddition, the liquid immersion mechanism 1 can
locally form the liquid immersion region LR of the liquid LQ
not just on the upper surface of the substrate P, but also on at
least one of an upper surface F1 of the substrate stage ST1 and
an upper surface F2 of the measurement stage ST2. Further-
more, recovery ports 51 that can recover at least part of the
liquid LQ of the liquid immersion region LR are provided to
the measurement stage ST2.

[0032] Furthermore, the liquid immersion mechanism 1 is
not limited to the one disclosed in the present embodiment,
and various aspects can be employed. For example, it is
possible to employ the liquid immersion mechanism dis-
closed in, for example, U.S. Patent Publication No. 2004/
0160582.

[0033] The present embodiment will now be explained as
exemplified by a case wherein a scanning type exposure appa-
ratus (a so-called scanning stepper) is used as the exposure
apparatus EX that projects an image of the pattern formed on
the mask M onto the substrate P while synchronously moving
the mask M and the substrate P in mutually different scanning
directions (reverse directions). In the following explanation,
the directions in which the mask M and the substrate P syn-
chronously move within the horizontal plane are the X axial
directions (scanning directions), the directions orthogonal to
the X axial directions within the horizontal plane are the Y
axial directions (non-scanning directions), and the directions
that are perpendicular to the X and Y axial directions and that
coincide with an optical axis AX of the projection optical
system PL are the Z axial directions. In addition, the rota-
tional (inclined) directions about the X, Y, and Z axial direc-
tions and the 60X, 0Y, and 6Z directions, respectively. Further-
more, “substrate” herein includes one wherein the substrate,
for example, a semiconductor wafer is coated with a photo-
sensitive material (photoresist), and “mask” includes a reticle
wherein a device pattern is formed that is reduction projected
onto the substrate.

[0034] The substrate stage ST1 and the measurement stage
ST2 are each movable by the drive of a drive mechanism SD
that includes, for example, a linear motor. By controlling the
drive mechanism SD, the control apparatus CONT can move
the substrate stage ST1 and the measurement stage ST2
together in the XY plane while maintaining a prescribed state,
wherein the upper surface F1 of the substrate stage ST1 and
the upper surface F2 of the measurement stage ST2 are proxi-
mate (close) to or in contact with one another in a prescribed
area that includes the area directly below the projection opti-
cal system PL. By moving the substrate stage ST1 together
with the measurement stage ST2, the control apparatus
CONT can move the liquid immersion region LR between the
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upper surface F1 of the substrate stage ST1 and the upper
surface F2 of the measurement stage ST2 in a state wherein
the liquid LQ is retained between the projection optical sys-
tem PL and atleast one of the upper surface F1 of the substrate
stage ST1 and the upper surface F2 of the measurement stage
ST2.

[0035] In addition, a protruding portion (overhanging por-
tion) H1, which projects toward the measurement stage ST2,
is provided on the +Y side of the substrate stage ST1, and a
recessed portion 54 that corresponds to the overhanging por-
tion H1 is provided on the -Y side of the measurement stage
ST2. Furthermore, the overhanging portion H1 is also pro-
vided on the -Y side of the substrate stage ST1. Furthermore,
the +Y side area of the upper surface of the substrate stage
ST1 and the -Y side area of the upper surface of the measure-
ment stage ST2 are proximate to or in contact with one
another. In the present embodiment, because the overhanging
portion H1 is provided on the +Y side of the substrate stage
ST1 and the recessed portion 54 is provided on the -Y side of
the measurement stage ST2, the area of the upper surface of
the substrate stage ST1 in the vicinity of the overhanging
portion Hi and the area of the upper surface of the measure-
ment stage ST2 in the vicinity of the recessed portion 54 are
proximate to or in contact with one another. Furthermore, the
recovery ports 51 are provided in the vicinity of the area
where the upper surfaces of the measurement stage ST2 and
the substrate stage ST1 are proximate to or in contact with one
another; specifically, the recovery ports 51 are provided to the
inner side of the recessed portion 54.

[0036] Here, the “proximate state” between the substrate
stage ST1 and the measurement stage ST2 means the state
when the liquid immersion region LR has moved between the
upper surface F1 of the substrate stage ST1 and the upper
surface F2 of the measurement stage ST2, and the substrate
stage ST1 and the measurement stage ST2 have approached
one another to the extent that the liquid LQ does not leak out
from between them; furthermore, the permissible value of the
spacing between both stages ST1, ST2 differs depending on,
for example, the material properties and the surface treatment
of both stages, and the type of the liquid LQ.

[0037] The illumination optical system IL. comprises: an
exposure light source; an optical integrator that uniformizes
the luminous flux intensity of the light beam emitted from the
exposure light source; a condenser lens that condenses the
exposure light ELL from the optical integrator; a relay lens
system; and a field stop that sets an illumination region on the
mask M illuminated by the exposure light EL. The illumina-
tion optical system IL illuminates the prescribed illumination
region on the mask M with the exposure light EL, which has
a uniform luminous flux intensity distribution. Examples of
light that can be used as the exposure light EL. emitted from
the illumination optical system IL include: deep ultraviolet
(DUV) light such as the bright lines (g-rays, h-rays, and
i-rays) emitted from a mercury lamp and the like, and KrF
excimer laser light (248 nm wavelength); and vacuum ultra-
violet (VUV) light such as ArF excimer laser light (193 nm
wavelength) and F, laser light (157 nm wavelength). ArF
excimer laser light is used in the present embodiment.
[0038] In the present embodiment, pure water (purified
water) is used as the liquid LQ. Pure water is capable of
transmitting not only ArF excimer laser light, but also DUV
light such as the bright lines (g-rays, h-rays, and i-rays) emit-
ted from a mercury lamp and the like, and KrF excimer laser
light (248 nm wavelength).
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[0039] The movable mask stage MST holds the mask M.
The mask stage MST holds the mask M via vacuum chucking
(or electrostatic chucking). The mask stage MST, in a state
wherein it is holding the mask M, is movable in two dimen-
sions within a plane perpendicular to the optical axis AX of
the projection optical system PL, i.e., within the XY plane,
and is finely rotatable in the OZ directions by the drive of a
drive mechanism MD, which includes a linear motor that is
controlled by the control apparatus CONT. Movable mirrors
31 are provided on the mask stage MST. In addition, a laser
interferometer 32 is provided at a position opposing each
movable mirror 31. The laser interferometers 32 measure in
real time the position in the two dimensional directions, as
well as the rotational angle in the 67 directions (depending on
the case, including the rotational angles in the 6X and 0Y
directions) of the mask M on the mask stage MST. The mea-
surement results of the laser interferometers 32 are outputted
to the control apparatus CONT. Based on the measurement
results of the laser interferometers 32, the control apparatus
CONT controls the position of the mask M, which is held on
the mask stage MST, by driving the drive mechanism MD.

[0040] The projection optical system PL, which projects
the pattern of the mask M onto the substrate P at a prescribed
projection magnification 3, comprises a plurality of optical
elements that are held by a lens barrel PK. In the present
embodiment, the projection optical system PL is a reduction
system that has a projection magnification f of, for example,
Va, 15, or Y. Furthermore, the projection optical system PL
may also be a unity magnification system or an enlargement
system. In addition, the projection optical system PL may be:
a dioptric system that does not include reflecting optical ele-
ments; a catoptric system that does not include refracting
optical elements; or a catadioptric system that includes both
reflecting optical elements and refracting optical elements.
Among the plurality of optical elements that constitute the
projection optical system PL, the first optical element L.S1,
which is the closest to the image plane of the projection
optical system PL, protrudes from the lens barrel PK.

[0041] The substrate stage ST1 comprises a substrate
holder PH, which holds the substrate P, and a plate member T
that is held by the substrate holder PH, which is movable on
the image plane side of the projection optical system PL. The
substrate holder PH holds the substrate P via, for example,
vacuum chucking. The substrate stage ST1, in a state wherein
it is holding the substrate P via the substrate holder PH, is
movable in two dimensions within the XY plane that is sub-
stantially parallel to the image plane of the projection optical
system PL on the image plane side of the projection optical
system PL, and can be finely rotated in the 67 directions by
the drive of the drive mechanism SD, which includes a linear
motor that is controlled by the control apparatus CONT. Fur-
thermore, the substrate stage ST1 is also movable in the Z
axial directions and the 6X and 0Y directions. Accordingly,
the upper surface of the substrate P held by the substrate stage
ST1 is movable in the directions of six degrees of freedom,
i.e., the X,Y, and Z axial directions and the 0X, 0Y, and 67
directions. Movable mirrors 33 are each provided to a side
surface of the substrate stage ST1. In addition, a laser inter-
ferometer 34 is provided at a position opposing each movable
mirror 33. The laser interferometers 34 measure in real time
the position in the two dimensional directions as well as the
rotational angle of the substrate P on the substrate stage ST1.
In addition, the exposure apparatus EX comprises an oblique
incidence type focus leveling detection system (not shown)
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that detects surface position information of the upper surface
of'the substrate P that is supported by the substrate stage ST1
as disclosed in, for example, Japanese Unexamined Patent
Application, Publication No. H08-37149. The focus leveling
detection system detects the surface position information (po-
sitional information in the Z axial directions, and inclination
information in the 6X and 8Y directions of the substrate P) of
the upper surface of the substrate P. Furthermore, the focus
leveling detection system may also employ a system that uses
an electrostatic capacitance type sensor. The measurement
results of the laser interferometers 34 are output to the control
apparatus CONT. The detection results of the focus leveling
detection system are also output to the control apparatus
CONT. Based on the detection results of the focus leveling
detection system, the control apparatus CONT aligns the
upper surface of the substrate P with the image plane of the
projection optical system PL by driving the drive mechanism
SD and controlling the focus position (Z position) and incli-
nation angle (60X and 0Y) ofthe substrate P; in addition, based
on the measurement results of the laser interferometers 34,
the control apparatus CONT controls the position of the sub-
strate P in the X and Y axial directions and the 0Z directions.

[0042] The measurement stage ST2 mounts various mea-
suring instruments (including a measuring member) that per-
form measurements related to the exposure process, and is
movable on the image plane side of the projection optical
system PL. Examples of such measuring instruments include:
a fiducial mark plate whereon a plurality of fiducial (refer-
ence) marks are formed as disclosed in, for example, Japanese
Unexamined Patent Application, Publication No. H5-21314;
a nonuniformity sensor for measuring the luminous flux
intensity nonuniformity as disclosed in, for example, Japa-
nese Unexamined Patent Application, Publication No. S57-
117238 and for measuring the amount of fluctuations in the
transmittance of a projection optical system PL for exposure
light EL as disclosed in Japanese Unexamined Patent Appli-
cation, Publication No. 2001-267239; an aerial image mea-
suring sensor as disclosed in Japanese Unexamined Patent
Application, Publication No. 2002-14005; and an irradiance
sensor (luminous flux intensity sensor) as disclosed in Japa-
nese Unexamined Patent Application, Publication No. H11-
16816. Like the upper surface F1 of the substrate stage ST1,
the upper surface F2 of the measurement stage ST2 is a flat
surface (flat portion).

[0043] In the present embodiment, to perform immersion
exposure, in which the substrate P is exposed with the expo-
sure light EL through the projection optical system PL and the
liquid LQ, the abovementioned nonuniformity sensor, aerial
image measuring sensor, and irradiance sensor, which are
employed in measurements that use the exposure light EL,
receive the exposure light EL through the projection optical
system PL and the liquid LQ. Furthermore, for example, one
part of the optical system of each sensor may be mounted on
the measurement stage ST2, or the entire sensor may be
disposed thereon.

[0044] In a state wherein the measuring instruments are
mounted, the measurement stage ST2 can be moved in two
dimensions within the XY plane that is substantially parallel
to the image plane of the projection optical system PL on the
image plane side thereof, and can be finely rotated in the 67
directions by the drive of the drive mechanism SD, which
includes a linear motor that is controlled by the control appa-
ratus CONT. Furthermore, the measurement stage ST2 is also
movable in the Z axial directions and the 6X and 0Y direc-
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tions. Namely, like the substrate stage ST1, the measurement
stage ST2 is movable in the directions of six degrees of
freedom, i.e., the X, Y, and Z axial directions and the 6X, 0Y,
and 07 directions. Movable mirrors 37 are each provided to a
side surface of the measurement stage ST2. In addition, a
laser interferometer 38 is provided at a position opposing
each movable mirror 37. The laser interferometers 38 mea-
sure in real time the position in the two dimensional directions
and the rotational angle of the measurement stage ST2.
[0045] An off axis alignment system ALG, which detects
alignment marks on the substrate P and fiducial marks on the
fiducial mark plate, is provided in the vicinity of the tip of the
projection optical system PL. With the alignment system
ALG of the present embodiment, a FIA (Field Image Align-
ment) system of the type disclosed in, for example, Japanese
Unexamined Patent Application, Publication No. H4-65603
is employed that irradiates a target mark on the substrate P
with a broadband detection light beam that does not photo-
sensitize the photosensitive material on the substrate P; uses
an imaging device (e.g., a CCD) to capture an image of an
index (an index pattern on an index plate provided in the
alignment system ALG), which is not shown, and an image of
the target mark that is imaged on a light receiving surface by
the light reflected from that target mark; and measures the
position of the mark by image processing these imaging sig-
nals.

[0046] In addition, two mask alignment systems RAa,
RADb, each of which comprises a TTR type alignment system,
are provided in the vicinity of the mask stage MST spaced
apart in the Y axial directions by a prescribed spacing,
wherein light of the exposure light wavelength is used to
simultaneously observe an alignment mark on the mask M
and a corresponding fiducial mark on the fiducial mark plate
through the projection optical system PL. The mask align-
ment system of the present embodiment employs a VRA
(Visual Reticle Alignment) system that detects the position of
a mark by irradiating the mark with light and image process-
ing the image data of the mark imaged by, for example, a CCD
camera, as disclosed in, for example, Japanese Unexamined
Patent Application, Publication No. H7-176468.

[0047] The liquid supply mechanism 10 and the liquid
recovery mechanism 20 ofthe liquid immersion mechanism 1
will now be explained. The liquid supply mechanism 10
supplies the liquid LQ to the image plane side of the projec-
tion optical system PL and comprises a liquid supply section
11, which is capable of feeding the liquid LQ, as well as a
supply pipe 13, which has one end portion that is connected to
the liquid supply section 11. The other end portion of the
supply pipe 13 is connected to the nozzle member 70. An
internal passageway (supply passageway) that connects the
supply ports 12 and the other end portion of the supply pipe 13
is formed inside the nozzle member 70. The liquid supply
section 11 comprises, for example, a tank that stores the liquid
LQ, a pressure pump, and a filter unit that removes foreign
matter from the liquid LQ. The control apparatus CONT
controls the liquid supply operation of the liquid supply sec-
tion 11. Furthermore, the tank, the pressure pump, and the
filter unit do not all need to be provided to the liquid supply
mechanism 10 of the exposure apparatus EX, and at least one
of'them can be substituted with equipment at, for example, the
plant where the exposure apparatus EX is installed.

[0048] The liquid recovery mechanism 20 recovers the lig-
uid LQ on the image plane side of the projection optical
system PL and comprises: a liquid recovery section 21 that is
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capable of recovering the liquid LQ; and a recovery pipe 23,
one end portion of which is connected to the liquid recovery
section 21. The other end portion of the recovery pipe 23 is
connected to the nozzle member 70. An internal passageway
(recovery passageway) that connects the recovery ports 22
with the other end portion of the recovery pipe 23 is formed
inside the nozzle member 70. The liquid recovery section 21
is provided with, for example: a vacuum system (a suction
apparatus) such as a vacuum pump; a gas-liquid separator that
separates the recovered liquid LQ and gas; and a tank that
stores the recovered liquid LQ. Furthermore, the tank, the
vacuum system, and the gas-liquid separator do not all need to
be provided to the liquid recovery mechanism 20 of the expo-
sure apparatus EX, and at least one of them can be substituted
with equipment at, for example, the plant where the exposure
apparatus EX is installed.

[0049] The supply ports 12, which supply the liquid LQ,
and the recovery ports 22, which recover the liquid LQ, are
folioed in a lower surface 70A of the nozzle member 70. The
lower surface 70A of the nozzle member 70 is provided at a
position that opposes the upper surface of the substrate P and
the upper surfaces F1, F2 of the stages ST1, ST2. The nozzle
member 70 is an annular member that is provided so that it
surrounds a side surface of the first optical element [.S1, and
a plurality of the supply ports 12 are provided in the lower
surface 70 A of the nozzle member 70 so that it surrounds the
first optical element [.S1 of the projection optical system PL
(the optical axis AX of the projection optical system PL). In
addition, the recovery ports 22 are provided in the lower
surface 70A of the nozzle member 70 spaced apart from the
outer side of the supply ports 12 with respect to the first
optical element [.S1, and are provided so that they surround
the first optical element [.S1 and the supply ports 12.

[0050] Furthermore, the control apparatus CONT locally
forms the liquid immersion region LR of the liquid L.Q on the
substrate P by using the liquid supply mechanism 10 to supply
aprescribed amount of the liquid LQ onto the substrate F, and
by using the liquid recovery mechanism 20 to recover a pre-
scribed amount of the liquid LQ on the substrate P. When
forming the liquid immersion region LR of the liquid L.Q, the
control apparatus CONT drives the liquid supply section 11
and the liquid recovery section 21. When the liquid LQ is sent
from the liquid supply section 11 under the control of the
control apparatus CONT, the liquid LQ sent from the liquid
supply section 11 flows through the supply pipe 13 and then
is supplied through the supply passageway of the nozzle
member 70 to the image plane side of the projection optical
system PL from the supply ports 12. In addition, when the
liquid recovery section 21 is driven under the control of the
control apparatus CONT, the liquid L.Q on the image plane
side of the projection optical system PL flows into the recov-
ery passageway of the nozzle member 70 through the recov-
ery ports 22, flows through the recovery pipe 23, and is then
collected by the liquid recovery section 21.

[0051] The following explains the substrate stage ST1
(substrate holder PH), referencing FIG. 2 and FIG. 3. FIG. 2
is a side cross sectional view of the substrate holder PH in a
state wherein the substrate P and the plate member T are
vacuum chucked, and FIG. 3 is a plan view of the substrate
stage ST1 viewed from above.

[0052] InFIG. 2, the substrate holder PH comprises a base
material PHB, a first holding portion PH1, which is formed in
the base material PHB and vacuum chucks the substrate P, and
a second holding portion PH2, which is formed in the base
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material PHB and detachably holds the plate member T,
wherein an upper surface Ta is formed that is substantially
flush with an upper surface Pa of the substrate P, at the cir-
cumference of the substrate P held by the first holding portion
PH1. The plate member T is different from the base material
PHB, and is provided so that it can be detached (i.e., it is
replaceable) from the base material PHB of the substrate
holder PH. In addition, as shown in FIG. 3, the plate member
T is a substantially annular member, and a substantially cir-
cular hole TH, wherein the substrate P can be disposed, is
formed at the center portion thereof. Furthermore, the plate
member T held by the second holding portion PH2 is disposed
so that it surrounds the circumference of the substrate P that is
held by the first holding portion PHI. In the present embodi-
ment, the substrate stage ST1 refers to the state wherein the
plate member T is vacuum chucked to the base material PHB.
[0053] The plate member T is liquid repellent with respect
to the liquid LQ. The plate member T is made of a liquid
repellent material, for example, a fluororesin such as polytet-
rafluoroethylene (Teflon™), or an acrylic resin. Furthermore,
the plate member T may be made of, for example, a metal and
its surface may be coated with a liquid repellent material such
as a fluororesin.

[0054] In FIG. 2, the upper surface Ta and a lower surface
Tb of the plate member T are each a flat surface (flat portion).
In addition, the plate member T has substantially the same
thickness as the substrate P. Furthermore, the upper surface
(flat surface) Ta of the plate member T that is held by the
second holding portion PH2 is substantially flush with the
upper surface Pa of the substrate P that is held by the first
holding portion PH1. Namely, at the circumference of the
substrate P that is held by the first holding portion PH1, the
plate member T that is held by the second holding portion
PH2 forms the flat surface Ta, which is substantially flush
with the upper surface Pa of that substrate P. In the present
embodiment, the upper surface of the substrate stage ST1 is
formed so that, when the substrate P is held thereon, the
substantially entire area of that upper surface of the substrate
stage ST1, including the upper surface Pa of the held substrate
P, forms a flat surface (full flat surface).

[0055] The external form of the plate member T is rectan-
gular in a plan view, and is formed so that it is larger than the
external form of the base material PHB. Namely, a peripheral
edge portion of the plate member T that is held by the second
holding portion PH2 forms the overhanging portion (protrud-
ing portion) H1, which projects from the side surface to the
outer side of the base material PHB. The area of the over-
hanging portion H1 on the +Y side forms a protruding portion
that projects toward the measurement stage ST2. In the
present embodiment, the upper surface Ta of the plate mem-
ber T, which includes the upper surface of the overhanging
portion H1, forms the upper surface F1 of the substrate stage
ST1. Furthermore, the area of the upper surface F1 of the
substrate stage ST1 on the +Y side, i.e., the +Y side upper
surface F1 (Ta) of the overhanging portion H1, and the area of
the upper surface F2 of the measurement stage ST2 onthe -Y
side are proximate to or in contact with one another.

[0056] In the present embodiment, the movable mirrors 33
are provided in an area below the overhanging portion H1.
Thereby, even if the liquid LQ flows out from the upper
surface F1 (Ta), the overhanging portion H1 can prevent the
liquid LQ from adhering to the movable minors 33.

[0057] As shown in FIG. 2 and FIG. 3, the first holding
portion PH1 of the substrate holder PH comprises protruding
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first support portions 46, which are formed on the base mate-
rial PHB, and an annular first circumferential wall portion 42,
which is formed on the base material PHB so that it surrounds
the first support portions 46. The first support portions 46
support a lower surface Pb of the substrate P, and a plurality of
first support portions 46 are uniformly formed on the inner
side of the first circumferential wall portion 42. In the present
embodiment, the first support portions 46 comprise a plurality
of support pins. In accordance with the shape of the substrate
P, the first circumferential wall portion 42 is formed substan-
tially annular in a plan view, and an upper surface 42A of the
first circumferential wall portion 42 is formed so that it
opposes a circumferential edge area (edge area) of the lower
surface Pb of the substrate P. A first space 131, which is
surrounded by the base material PHB, the first circumferen-
tial wall portion 42, and the lower surface Pb of the substrate
P, is formed on the lower surface Pb side of the substrate P
held by the first holding portion PH1.

[0058] First suction ports 41 are formed on the base mate-
rial PHB on the inner side of the first circumferential wall
portion 42. The first suction ports 41 are for vacuum chucking
the substrate P, and a plurality of first suction ports 41 are
provided at prescribed positions on the upper surface of the
base material PHB, excluding the areas where the first sup-
port portions 46 are provided, on the inner side of the first
circumferential wall portion 42. In the present embodiment,
the plurality of first suction ports 41 are uniformly disposed
on the inner side of the first circumferential wall portion 42.
Each first suction port 41 is connected to a first vacuum
system 40 through a passageway 45. The first vacuum system
40 is for negatively pressurizing the first space 131, which is
surrounded by the base material PHB, the first circumferen-
tial wall portion 42, and the lower surface Pb of the substrate
P, and includes a vacuum pump. As discussed above, the first
support portions 46 comprise support pins, and the first hold-
ing portion PH1 according to the present embodiment con-
stitutes one part of a so-called pin chuck mechanism. The first
circumferential wall portion 42 functions as an outer wall
portion that surrounds the outer side of the first space 131,
which includes the first support portions 46, and the control
apparatus CONT vacuum chucks the substrate P to the first
support portions 46 by driving the first vacuum system 40 so
that it suctions gas (air) out of the interior of the first space 131
that is surrounded by the base material PHB, the first circum-
ferential wall portion 42, and the substrate P, thereby nega-
tively pressurizing the first space 131.

[0059] The second holding portion PH2 of the substrate
holder PH comprises a substantially annular second circum-
ferential wall portion 62, which is formed on the base material
PHB so that it surrounds the first circumferential wall portion
42 of the first holding portion PH1, an annular third circum-
ferential wall portion 63, which is provided on the outer side
of the second circumferential wall portion 62 and is formed
on the base material PHB so that it surrounds the second
circumferential wall portion 62, and protruding second sup-
port portions 66, which are formed on the base material PHB
between the second circumferential wall portion 62 and the
third circumferential wall portion 63. The second support
portions 66 support the lower surface Tb of the plate member
T, and a plurality of second support portions 66 are uniformly
formed between the second circumferential wall portion 62
and the third circumferential wall portion 63. Like the first
support portions 46, the second support portions 66 in the
present embodiment comprise a plurality of support pins. The
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second circumferential wall portion 62 is provided on the
outer side of the first circumferential wall portion 42 with
respect to the first space 131, and the third circumferential
wall portion 63 is provided farther on the outer side of the
second circumferential wall portion 62 with respect to the first
space 131. In addition, the second circumferential wall por-
tion 62 is formed in accordance with the shape of the hole TH
of the plate member T so that it is substantially annular in a
plan view. The third circumferential wall portion 63 is formed
substantially rectangular in a plan view on the inner side of an
edge portion on the outer side of the plate member T. An upper
surface 62A of the second circumferential wall portion 62 is
formed so that it opposes an inner edge area (an inner side
edge area) of the lower surface Tb of the plate member T in the
vicinity of the hole TH. An upper surface 63A of the third
circumferential wall portion 63 is formed so thatitopposes an
area of the lower surface Tb of the plate member T that is
slightly on the inner side of the outer edge area (the outer side
edge area). A second space 132, which is surrounded by the
base material PHB, the second and third circumferential wall
portions 62, 63, and the lower surface Tb of the plate member
T, is formed on the lower surface Tb side of the plate member
T held by the second holding portion PH2.

[0060] Second suction ports 61 are formed on the base
material PHB between the second circumferential wall por-
tion 62 and the third circumferential wall portion 63. The
second suction ports 61 are for vacuum chucking the plate
member T, and a plurality of the second suction ports 61 are
provided between the second circumferential wall portion 62
and the third circumferential wall portion 63 at prescribed
positions on the upper surface of the base material PHB,
excluding the areas of the second support portions 66. In the
present embodiment, the plurality of second suction ports 61
are uniformly disposed between the second circumferential
wall portion 62 and the third circumferential wall portion 63.

[0061] Each of the second suction ports 61 is connected to
a second vacuum system 60 through a passageway 65. The
second vacuum system 60 is for negatively pressurizing the
second space 132, which is surrounded by the base material
PHB, the second and third circumferential wall portions 62,
63, and the lower surface Tb of the plate member T, and
includes a vacuum pump. As discussed above, the second
support portions 66 comprise support pins, and, like the first
holding portion PH1, the second holding portion PH2 accord-
ing to the present embodiment constitutes one part of the
so-called pin chuck mechanism. The second and third cir-
cumferential wall portions 62, 63 function as outer wall por-
tions that enclose the outer sides of the second space 132,
which includes the second support portions 66, and the con-
trol apparatus CONT vacuum chucks the plate member T to
the second support portions 66 by driving the second vacuum
system 60 so as to suction the gas (air) out of the interior of the
second space 132 that is surrounded by the base material
PHB, the second and third circumferential wall portions 62,
63, and the plate member T, thereby negatively pressurizing
the second space 132.

[0062] Furthermore, although a pin chuck mechanism is
employed when vacuum chucking the substrate P in the
present embodiment, other chuck mechanisms may be
employed. Likewise, although a pin chuck mechanism is
employed when vacuum chucking the plate member T, other
chuck mechanisms may be employed. In addition, although
vacuum chuck mechanisms are employed when vacuum
chucking the substrate P and the plate member T in the
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present embodiment, at least one of them may use another
mechanism such as an electrostatic chuck mechanism.
[0063] The first vacuum system 40 that negatively pressur-
izes the first space 131 and the second vacuum system 60 that
negatively pressurizes the second space 132 are mutually
independent. The control apparatus CONT can separately
control the operation of the first vacuum system 40 and the
second vacuum system 60, and the operation of suctioning the
first space 131 by the first vacuum system 40 and the opera-
tion of suctioning the second space 132 by the second vacuum
system 60 can be performed independently. In addition, the
control apparatus CONT controls the first vacuum system 40
and the second vacuum system 60, and can make the pressure
of'the first space 131 and the pressure of the second space 132
different from one another.

[0064] As shown in FIG. 2 and FIG. 3, a gap A of approxi-
mately 0.1-1.0 mm is formed between the edge portion on the
outer side of the substrate P held by the first holding portion
PH1 and the edge portion on the inner side (hole TH side) of
the plate member T provided at the circumference of the
substrate P. In the present embodiment, the gap A is approxi-
mately 0.3 mm. In addition, as shown in FIG. 3, a notched
portion NT, which is a notch for alignment, is fainted in the
substrate P in the present embodiment. The shape of the plate
member T is set in accordance with the external form (shape
of'the notched portion NT) of the substrate P so that the gap in
the notched portion NT between the substrate P and the plate
member T is also approximately 0.1 to 1.0 mm. Specifically,
a projection portion 150 that projects toward the inner side of
the hole TH is provided to the plate member T so that it
corresponds to the shape of the notched portion NT of the
substrate P. Thereby, the gap A of approximately 0.1 to 1.0
mm is secured between the plate member T and the entire area
of the edge portion of the substrate P, which includes the
notched portion NT. In addition, a protruding portion 62N
that corresponds to the shape of the projection portion 150 of
the plate member T is formed in the second circumferential
wall portion 62 of the second holding portion PH2 and its
upper surface 62A. In addition, a recessed portion 42N that
corresponds to the shape of the protruding portion 62N ofthe
second circumferential wall portion 62 and the notched por-
tion NT of the substrate P is formed in the first circumferential
wall portion 42 of the first holding portion PH1 and its upper
surface 42A. The recessed portion 42N of the first circumfer-
ential wall portion 42 is provided at a position that opposes
the protruding portion 62N of the second circumferential wall
portion 62, and a prescribed gap is formed between the
recessed portion 42N and the protruding portion 62N.
[0065] Furthermore, although the above explained an
example of using the notched portion NT as the notch of the
substrate P, the prescribed gap A between the substrate P and
the plate member T that surrounds such may be secured in
cases such as when there is no notch, or when an orientation
flat portion is formed in the substrate P as the notch by
shaping the plate member T, the first circumferential wall
portion 42, and the second circumferential wall portion 62 in
accordance with the external form of the substrate P.

[0066] The following explains the measurement stage ST2,
referencing FIG. 4 and FIG. 5. As discussed above, the mea-
surement stage ST2 mounts the measuring instruments that
perform measurements related to the exposure process, and
its upper surface F2 fauns a flat surface. In FIG. 5, a fiducial
mark plate FM wherein a plurality of fiducial marks are
formed, a nonuniformity sensor 300, and an aerial image
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measuring sensor 400 are schematically shown as examples
of measuring instruments (measuring members).

[0067] The measurement stage ST2 comprises a recovery
mechanism 50 that is capable of recovering the liquid LQ.
The recovery mechanism 50 comprises the recovery ports 51,
which are provided to the measurement stage ST2 and are
capable of recovering the liquid LQ, and a passageway 52,
which is connected to those recovery ports 51 and to a vacuum
system 53. Furthermore, a gas-liquid separator (not shown)
that separates gas from the recovered liquid L.Q is provided
along the passageway 52 between the recovery ports 51 and
the vacuum system 53. The recovery mechanism 50 is
capable of recovering the liquid LQ through the recovery
ports 51 by the drive of the vacuum system 53. The liquid LQ
recovered by the recovery ports 51 flows through the passage-
way 52 and then is stored in a tank (not shown).

[0068] The measurement stage ST2 comprises a recessed
portion 54 that corresponds to the overhanging portion H1 of
the substrate stage ST1. The recessed portion 54 is formed in
an area (=Y side area) of the upper surface of the measure-
ment stage ST2 that is proximate to or in contact with the
substrate stage ST1, and is formed as a notch in one part of the
upper surface F2 of the measurement stage ST2 on the -Y
side. Furthermore, a groove portion 55, which extends in the
X axial directions, is formed on the inner side of the recessed
portion 54 of the measurement stage ST2. The recovery ports
51 are provided in the groove portion 55 formed in the
recessed portion 54. As shown in FIG. 5, the recovery ports 51
are substantially circular in a plan view, and a plurality thereof
are provided lined up in the X axial directions in a bottom
surface 55B of the groove portion 55. Furthermore, each of
the plurality of recovery ports 51 is connected to the vacuum
system 53 through the passageway 52. Here, the bottom sur-
face 55B of the groove portion 55 is a flat surface that faces the
+Z side.

[0069] The recessed portion 54 (groove portion 55) is
formed in the area (-Y side area) of the upper surface of the
measurement stage ST2 that is proximate to or in contact with
the substrate stage ST1, and therefore the recovery ports 51,
which are formed on the inner side of that recessed portion 54
(groove portion 55), are provided in the vicinity of the area of
the measurement stage ST2 that is proximate to or in contact
with the substrate stage ST1.

[0070] An area of the upper surface F2 of the measurement
stage ST2 that is proximate to or in contact with the over-
hanging portion H1 of the substrate stage ST1 (plate member
T) is formed by a liquid repellent member 56. The liquid
repellent member 56 may be made of a material, for example
a fluororesin such as polytetrafluoroethylene (Teflon™), or
an acrylic resin, that is liquid repellent with respect to the
liquid LQ. In addition, the liquid repellent member 56 also
forms a wall surface that faces the -Y side of the inner edge
area of the recessed portion 54. The liquid repellent member
56 is detachable from the measurement stage ST2 (i.e., it is
replaceable).

[0071] FIG. 6 is a plan view of the substrate stage ST1 and
the measurement stage ST2, viewed from above. In FIG. 6,
the drive mechanism SD comprises linear motors 80, 81, 82,
83, 84, 85 for driving the substrate stage ST1 and the mea-
surement stage ST2. The drive mechanism SD comprises a
pair of Y axis linear guides 91, 93 that each extend in the Y
axial directions. The Y axis linear guides 91, 93 are disposed
spaced apart by a prescribed spacing in the X axial directions.
Each of the Y axis linear guides 91, 93 comprises a magnet
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unit with a built-in permanent magnet group that consists of
multiple sets of north pole magnets and south pole magnets
that are disposed alternately and at prescribed intervals along,
for example, the Y axial directions. Moreover, two sliders 90,
94 are supported on the Y axis linear guide 91 so that they are
movable in the Y axial directions in a noncontactual state.
Likewise, two sliders 92, 95 are supported on the other Y axis
linear guide 93 so that they are movable in the Y axial direc-
tions in a noncontactual state. Each of the sliders 90, 92, 94,
95 comprises a coil unit with built-in armature coils disposed
at prescribed intervals along, for example, the Y axis. Namely,
in the present embodiment, the sliders 90, 94, which each
comprise a coil unit, and the Y axis linear guide 91, which
comprises a magnet unit, constitute the moving coil type Y
axis linear motors 82, 84. Likewise, the sliders 92, 95 and the
Y axis linear guide 93 constitute the moving coil type Y axis
linear motors 83, 85.

[0072] One end portion and the other end portion of each of
the sliders 90, 92, which constitute the Y axis linear motors
82, 83, are fixed in the longitudinal direction of an X axis
linear guide 87, which extends in the X axial directions. In
addition, one end portion and the other end portion of each of
the sliders 94, 95, which constitute the Y axis linear motors
84, 85, are fixed in the longitudinal direction of an X axis
linear guide 89, which extends in the X axial directions.
Accordingly, the X axis linear guide 87 is movable in the Y
axial directions by the Y axis linear motors 82, 83, and the X
axis linear guide 89 is movable in the Y axial directions by the
Y axis linear motors 84, 85.

[0073] The X axis linear guides 87, 89 each comprise a coil
unit that has built-in armature coils, which, for example, are
disposed at prescribed intervals along the X axial directions.
The X axis linear guide 89 is provided in a state wherein it is
inserted in an opening that is formed in the substrate stage
ST1. A magnet unit 88, which comprises a permanent magnet
group that consists of multiple sets of north pole magnets and
south pole magnets disposed alternately and at prescribed
intervals along, for example, the X axial directions, is pro-
vided in the inner portion of the opening of the substrate stage
ST1. The magnet unit 88 and the X axis linear guide 89
constitute the moving magnet type X axis linear motor 81 that
drives the substrate stage ST1 in the X axial directions. Like-
wise, the X axis linear guide 87 is provided in a state wherein
it is inserted in an opening formed in the measurement stage
ST2. A magnet unit 86 is provided the opening of the mea-
surement stage ST2. The magnet unit 86 and the X axis linear
guide 87 constitute the moving magnet type X axis linear
motor 80 that drives the measurement stage ST2 in the X axial
directions.

[0074] Furthermore, making the thrust generated by each
of the two Y axis linear motors 84, 85 (or 82, 83) slightly
different makes it possible to control the substrate stage ST1
(or the measurement stage ST2) in the 67 directions. In addi-
tion, the substrate stage ST1 and the measurement stage ST2
are each shown in the drawings as single stages, but they each
actually comprise an XY stage, which is driven by its respec-
tive'Y axis linear motor, and a Z tilt stage, which is mounted
to an upper portion of the XY stage via a Z leveling drive
mechanism (e.g., a voice coil motor) and is finely driven
relative to the Z axial directions and the 6X and 0Y directions
with respect to the XY stage. Furthermore, the substrate
holder PH (refer to FIG. 1), which holds the substrate P, is
supported by the Z tilt stage.
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[0075] The following explains a parallel process operation
that uses the substrate stage ST1 and the measurement stage
ST2, referencing FIG. 6 through FIG. 8B.

[0076] As shown in FIG. 6, when performing immersion
exposure of the substrate P, the control apparatus CONT
makes the measurement stage ST2 stand by at a prescribed
stand-by position where it will not collide with the substrate
stage ST1. Furthermore, in a state wherein the substrate stage
ST1 and the measurement stage ST2 are spaced apart, the
control apparatus CONT performs a step-and-scan type
immersion exposure of the substrate P, which is held by the
substrate stage ST1. When performing the immersion expo-
sure of the substrate P, the control apparatus CONT uses the
liquid immersion mechanism 1 to form the liquid immersion
region LR of the liquid LQ on the substrate stage ST1.
[0077] After completing the immersion exposure of the
substrate P on the substrate stage ST1, the control apparatus
CONT uses the drive mechanism SD to drive at least one of
the substrate stage ST1 and the measurement stage ST2, and,
as shown in FIG. 7A, causes the upper surface F2 of the
measurement stage ST2 to be in contact with (or proximate
to) the upper surface F1 of the substrate stage ST1. In greater
detail, the linear edge of the upper surface F1 (plate member
T) of the substrate stage ST1 on the +Y side and the linear
edge of the upper surface F2 (liquid repellent member 56) of
the measurement stage ST2 on the -Y side are caused to be in
contact with (or proximate to) one another.

[0078] Next, the control apparatus CONT uses the drive
mechanism SD to simultaneously move the substrate stage
ST1 and the measurement stage ST2 in the -Y direction,
while maintaining the relative positional relationship of the
substrate stage ST1 and the measurement stage ST2 in the’Y
axial directions. Namely, while maintaining a prescribed state
wherein the upper surface F1 of the substrate stage ST1 and
the upper surface F2 of the measurement stage ST2 contact
(or are proximate to) one another, the control apparatus
CONT moves them together in the —-Y direction within a
prescribed area that includes a position that is directly below
the projection optical system PL.

[0079] By moving the substrate stage ST1 and the measure-
ment stage ST2 together, the control apparatus CONT moves
the liquid LQ, which is retained between the substrate P and
the first optical element L.S1 of the projection optical system
PL, from the upper surface F1 of the substrate stage ST1 to the
upper surface F2 of the measurement stage ST2. With the
movement of the substrate stage ST1 and the measurement
stage ST2 inthe -Y direction, the liquid immersion region LR
of'the liquid LQ, which is formed between the substrate P and
the first optical element L.S1 of the projection optical system
PL, moves to the upper surface of the substrate P, the upper
surface F1 of the substrate stage ST1, and the upper surface
F2 of the measurement stage ST2, in that order. Furthermore,
along the way of moving from the upper surface F1 of the
substrate stage ST1 to the upper surface F2 of the measure-
ment stage ST2, the liquid immersion region LR of the liquid
LQ spans the upper surface F1 of the measurement stage ST1
and the upper surface F2 of the measurement stage ST2, as
shown in FIG. 7B.

[0080] When the substrate stage ST1 and the measurement
stage ST2 further move together a prescribed distance in the
-Y direction from the state shown in FIG. 7B, they transition
to a state wherein the liquid LQ is held between the measure-
ment stage ST2 and the first optical element LS1 of the
projection optical system PL, as shown in FIG. 8A. Namely,
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the liquid immersion region LR of the liquid LQ is disposed
on the upper surface F2 of the measurement stage ST2.
[0081] Next, the control apparatus CONT uses the drive
mechanism SD to move the substrate stage ST1 to a pre-
scribed substrate exchange position and exchanges the sub-
strate P. In addition, in parallel therewith, prescribed mea-
surement processes that use the measurement stage ST2 are
performed as needed. An example of such a measurement
process is the baseline measurement of the alignment system
ALG. Specifically, the control apparatus CONT uses the
mask alignment systems RAa, RAb, which were discussed
above, to simultaneously detect a pair of first fiducial marks
on the fiducial mark plate FM that is provided on the mea-
surement stage ST2 and corresponding mask alignment
marks on the mask M, and thereby detects the positional
relationship between the first fiducial marks and the corre-
sponding mask alignment marks. Simultaneous therewith, by
detecting a second fiducial mark on the fiducial mark plate
FM with the alignment system ALG, the control apparatus
CONT detects the positional relationship between the second
fiducial mark and a detection reference position of the align-
ment system ALG. Furthermore, based on the positional rela-
tionship between the abovementioned first fiducial marks and
the corresponding mask alignment marks, the positional rela-
tionship between the second fiducial mark and the detection
reference position of the alignment system ALG, and the
already known positional relationship between the first fidu-
cial marks and the second fiducial mark, the control apparatus
CONT derives the distance (positional relationship) between
the center of the projection of the mask pattern projected by
the projection optical system PL and the detection reference
position of the alignment system ALG, i.e., it derives baseline
information of the alignment system ALG. FIG. 8B shows the
state at this time.

[0082] Furthermore, the detection of'the first fiducial marks
by the mask alignment system and the detection of the second
fiducial mark by the alignment system ALG do not necessar-
ily need to be performed simultaneously, and may be per-
formed in a sequential time series; in addition, the position of
the measurement stage ST2 when detecting the first fiducial
marks and the position of the measurement stage ST2 when
detecting the second fiducial mark may be different.

[0083] Furthermore, after completing the process dis-
cussed above on both stages ST1, ST2, the control apparatus
CONT performs the alignment process on the exchanged
substrate P by, for example, causing the upper surface F2 of
the measurement stage ST2 and the upper surface F1 of the
substrate stage ST1 to be in contact with (or proximate to) one
another and, in a state wherein that relative positional rela-
tionship is maintained, moves them within the XY plane.
Specifically, the control apparatus CONT uses the alignment
system ALG to detect the alignment marks on the exchanged
substrate P and determines the positional coordinates (array
coordinates) of each of the plurality of shot regions provided
on the substrate P.

[0084] Subsequently, in the reverse sequence of that
described earlier, the control apparatus CONT moves both
stages ST1, ST2 together in the +Y direction while maintain-
ing the relative positional relationship of the substrate stage
ST1 and the measurement stage ST2 in the Y axial directions,
and, after moving the substrate stage ST1 (substrate P) to
below the projection optical system PL, retracts the measure-
ment stage ST2 to a prescribed position. Thereby, the liquid
immersion region LR is disposed on the upper surface F1 of
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the substrate stage ST1. Also, when moving the liquid immer-
sion region LR of the liquid LQ from the upper surface F2 of
the measurement stage ST2 to the upper surface F1 of the
substrate stage ST1, the liquid immersion region LR spans the
upper surface F1 of the substrate stage ST1 and the upper
surface F2 of the measurement stage ST2.

[0085] Subsequently, the control apparatus CONT per-
forms a step-and-scan type immersion exposure operation on
the substrate P and sequentially transfers the pattern of the
mask M to each of the plurality of shot regions on the sub-
strate P. Furthermore, the alignment of each of the shot
regions on the substrate P with the mask M is performed
based on the positional coordinates of the plurality of shot
regions on the substrate P, which were obtained as a result of
the substrate alignment process discussed above, and the
baseline information, which was measured immediately
beforehand.

[0086] Furthermore, the alignment process may be
executed in a state wherein the substrate stage ST1 and the
measurement stage ST2 are spaced apart, or one part of the
alignment process may be executed in a state wherein the
substrate stage ST1 and the measurement stage ST2 are
spaced apart and the remaining part may be executed in a state
wherein the substrate stage ST1 and the measurement stage
ST2 are in contact with (or proximate to) one another. In
addition, the measurement operation is not limited to the
baseline measurement discussed above; for example, the
measurement stage ST2 may be used to perform, for example,
luminous flux intensity measurement, luminous flux intensity
nonuniformity measurement, or aerial image measurement in
parallel with, for example, substrate exchange, and the pro-
cess of, for example, calibrating the projection optical system
PL may be performed based on those measurement results,
which are taken into account when subsequently exposing the
substrate P.

[0087] Inthepresent embodiment, after the exposure ofone
substrate P is complete, it is possible to start the next exposure
of another substrate P without going through the process of
recovering all of the liquid LQ and then resupplying such,
which makes it possible to improve throughput. In addition,
various measurement operations are performed at the mea-
surement stage ST2 during the substrate exchange operation
with the substrate stage ST1, and those measurement results
can be taken into account in the exposure operation of the
subsequent substrate P, which makes it possible to perform
highly accurate exposure operation without leading to a
decline in throughput attendant with the measurement opera-
tions. In addition, the liquid LQ is always present on the
image plane side of the projection optical system PL, which
makes it possible to effectively prevent the occurrence of
adhered residue (a so-called watermark) of the liquid LQ.
[0088] FIG.9 shows a state wherein the substrate stage ST1
and the measurement stage ST2 are moved together while
maintaining a first state wherein the upper surface F1 of the
substrate stage ST1 and the upper surface F2 of the measure-
ment stage ST2 are proximate to (or in contact with) one
another. When the substrate stage ST1 and the measurement
stage ST2 are in the state (first state) shown in FIG. 9, the
overhanging portion H1 of the substrate stage ST1 is disposed
over the recessed portion 54 of the measurement stage ST2.
Thereby, in the first state, the recovery ports 51 provided on
the inner side of the recessed portion 54 transition to a state
wherein they are closed by the overhanging portion H1. In
addition, the vicinity of the areas wherein the upper surface
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F1 of the substrate stage ST1 and the upper surface F2 of the
measurement stage ST2 are mutually proximate to (or in
contact with) one another are formed by the plate member T
and the liquid repellent member 56, respectively, and are
liquid repellent. Accordingly, even if the liquid LQ of the
liquid immersion region LR is disposed on a gap GI between
the upper surface F1 of the substrate stage ST1 (plate member
T) and the upper surface F2 of the measurement stage ST2
(liquid repellent member 56), the surface tension of the liquid
LQ can suppress the occurrence of a problem wherein the
liquid LQ leaks out through the gap G1. Furthermore, the
plate member T and the liquid repellent member 56 are
replaceably provided, which makes it possible to provide the
stages ST1, ST2 with a plate member T and a liquid repellent
member 56 that are made of a material that has physical
properties that are optimal for the type (physical properties)
of'the liquid LQ used so that the liquid LQ does not leak out
from the gap G1. In addition, if the liquid repellency perfor-
mance of a member deteriorates, it can be replaced.

[0089] Inaddition, inthe prescribed state wherein the upper
surface F1 of the substrate stage ST1 and upper surface F2 of
the measurement stage ST2 are proximate to (or in contact
with) one another, the upper surface F1 of the substrate stage
ST1 and the upper surface F2 of the measurement stage ST2
are substantially flush with one another, which makes it pos-
sible to satisfactorily move the liquid immersion region LR of
the liquid LQ between the upper surface F1 of the substrate
stage ST1 and the upper surface F2 of the measurement stage
ST2.

[0090] Furthermore, by moving the substrate stage ST1 and
the measurement stage ST2 together in a state wherein the
recovery ports 51 are closed by the overhanging portion H1,
the control apparatus CONT moves the liquid immersion
region LR between the upper surface F1 of the substrate stage
ST1 and the upper surface F2 of the measurement stage ST2
in a state wherein the liquid LQ is held between the projection
optical system PL and at least one of the upper surface F1 of
the substrate stage ST1 and the upper surface F2 of the mea-
surement stage ST2.

[0091] Inaddition, evenifthe liquid L.Q leaks out of the gap
G1 when the liquid immersion region LR is moved in the first
state, the groove portion 55 is provided on the lower side of
the gap (1, and the liquid LQ that leaks out is consequently
trapped by the groove portion 55. Accordingly, it is possible
to prevent the occurrence of the problem wherein the liquid
LQ flows out, for example, to the outer sides of the stages
ST1, ST2 or onto the base member BP. In addition, because
the recovery ports 51 of the recovery mechanism 50 are
provided on the inner side of the groove portion 55, the liquid
LQ that leaks out from the gap G1 can be recovered through
the recovery ports 51.

[0092] FIG. 10 shows a state (second state) wherein the
liquid LQ is being recovered through the recovery ports 51.
For example, in cases when all of the liquid LQ of the liquid
immersion region LR is recovered, such as when mainte-
nance of the exposure apparatus EX is performed, the control
apparatus CONT sets the relative positional relationship
between the substrate stage ST1 and the measurement stage
ST2 to the second state shown in FIG. 10, which is different
from the first state. Namely, the control apparatus CONT
controls the drive of the drive mechanism SD to form a gap G2
between the upper surface F1 of the substrate stage ST1 and
the upper surface F2 of the measurement stage ST2, thereby
exposing the groove portion 55 and the recovery ports 51
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provided on the inner side thereof. At this time, one part ofthe
lower surface Tb of the overhanging portion H1 (plate mem-
ber T) is disposed so that it overlaps an upper surface 58 above
the groove portion 55, which is an area of one part of the
recessed portion 54 of the measurement stage ST2. A pre-
scribed gap 3 is formed between the lower surface Tb of the
plate member T and the upper surface 58. Furthermore, in the
second state wherein the gap G2 is formed between the upper
surface F1 of the substrate stage ST1 and the upper surface F2
of the measurement stage ST2 and the recovery ports 51 are
exposed, the liquid LQ is recovered by the recovery ports 51
of the measurement stage ST2 while moving the substrate
stage ST1 and the measurement stage ST2 together. By mov-
ing the substrate stage ST1 and the measurement stage ST2
and disposing the gap G2 below the projection optical system
PL, the liquid LQ held below the projection optical system PL.
flows into the groove portion 55 through the gap G2 by the
force of gravity, and is collected through the recovery ports
51. In addition, when the gap G2 is formed and the liquid LQ
is being recovered, the prescribed gap G3 formed between the
lower surface Tbh of the plate member T and the upper surface
58 makes it possible to suppress the flow of the liquid LQ,
which flowed in from the gap G2, out through the gap G3 by
the surface tension of the liquid L.Q. Furthermore, in the state
shown in FIG. 10, the recovery mechanism 50 may recover
the liquid L.Q in a state wherein the substrate stage ST1 and
the measurement stage ST2 are stopped.

[0093] In addition, control apparatus CONT performs the
operation of recovering the liquid LQ via the recovery ports
51 provided to the measurement stage ST2 in parallel with the
operation of recovering the liquid via the recovery ports 22 of
the nozzle member 70 of the liquid immersion mechanism 1.
For example, when the liquid immersion region LR is on the
upper surface F1 of the substrate stage ST1 or on the upper
surface F2 of the measurement stage ST2, the control appa-
ratus CONT uses the drive mechanism SD to move the stages
ST1, ST2 while recovering the liquid LQ via the recovery
ports 22 of the nozzle member 70, and thereby moves the
liquid immersion region LR to the gap G2. Furthermore,
when the liquid LQ of the liquid immersion region LR begins
to flow into the groove portion 55 (or before it begins to flow
in, or after a prescribed time has elapsed since it began to flow
in), the control apparatus CONT drives the recovery mecha-
nism 50 and starts the operation of recovering the liquid L.Q
viathe recovery ports 51 that are provided to the measurement
stage ST2. At this time, the operation of recovering the liquid
via the recovery ports 22 of the nozzle member 70 of the
liquid immersion mechanism 1 continues. The recovery ports
22 of the liquid immersion mechanism 1 recover the liquid
LQ from above the measurement stage ST2. The liquid LQ of
the liquid immersion region LR flows into the groove portion
55 by the force of gravity, and is recovered by the recovery
ports 51 of the measurement stage ST2 and by the recovery
ports 22 of the liquid immersion mechanism 1, which are
provided above the measurement stage ST2.

[0094] As explained above, the recovery ports 51 that are
provided to the measurement stage ST2 can satisfactorily
recover the liquid LQ. Providing the recovery ports 51 to the
measurement stage ST2 disposed on the image plane side of
the projection optical system PL. makes it possible to rapidly
and satisfactorily recover the liquid LQ by the force of grav-
ity. In addition, because the recovery ports 51 are provided to
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the measurement stage ST2, it is possible to suppress adverse
effects upon the substrate stage ST1 when recovering the
liquid LQ.

[0095] In addition, according to the present embodiment, it
is possible to switch between one state, wherein the liquid
immersion region LR moves between the upper surface F1 of
the substrate stage ST1 and the upper surface F2 of the mea-
surement stage ST2, and another state, wherein the liquid LQ
is recovered using the recovery ports 51, merely by changing
the relative positional relationship between the substrate
stage ST1 and the measurement stage ST2, and it is also
possible, with a simple configuration, to rapidly recover the
liquid LQ while preventing it from leaking out.

Second Embodiment

[0096] The followingexplains the second embodiment, ref-
erencing FIG. 11. In the explanation below, constituent parts
that are identical or equivalent to those in the embodiments
discussed above are assigned identical symbols, and the
explanations thereof are therefore abbreviated or omitted.

[0097] The distinctive feature of the second embodiment is
that a liquid recovery member 57 is disposed on the inner side
of the groove portion 55. The liquid recovery member 57 is
disposed on the recovery ports 51. The liquid recovery mem-
ber 57 comprises a sponge member that consists of, for
example, a ceramic porous member or a synthetic resin. The
liquid LQ can be satisfactorily held by disposing the liquid
recovery member 57 in this manner. In addition, disposing the
liquid recovery member 57 in the groove portion 55 makes it
possible to omit the recovery mechanism 50, which includes
the recovery ports 51. Because the liquid LQ is held by the
liquid recovery member 57 even if the recovery mechanism
50 is omitted, it is possible to prevent the problem wherein the
liquid LQ flows out, for example, onto the base member BP.
In addition, making the liquid recovery member 57 replace-
able makes it possible to replace the one that holds the liquid
LQ or a contaminated one with a new one.

Third Embodiment

[0098] The following explains the third embodiment, ref-
erencing FIG. 12. The distinctive feature of the third embodi-
ment is that the recovery ports 51 are provided to the upper
surface F2 of the measurement stage ST2. Namely, in the
present embodiment, the recovery ports 51 are not formed on
the inner side of the recessed portion 54. Furthermore, the
recessed portion 54 that corresponds to the overhanging por-
tion H1 of the substrate stage ST1 is formed on the -Y side
area of the upper surface of the measurement stage ST2.
Furthermore, in the third embodiment as well, a plurality of
the recovery ports 51 can be provided along the X directions.

[0099] When recovering the liquid LQ, the control appara-
tus CONT disposes the liquid immersion region LR on the
upper surface F2 of the measurement stage ST2 and recovers
the liquid L.Q through the recovery ports 51 that are formed in
that upper surface F2. In the present embodiment, because the
recovery ports 51 and the liquid LQ directly contact one
another, the liquid LQ can be satisfactorily recovered. Fur-
thermore, in the third embodiment, it is also possible to omit
the overhanging portion (protruding portion) H1 of the sub-
strate stage ST1 and the recessed portion 54 of the measure-
ment stage ST2.
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Fourth Embodiment

[0100] The following explains the fourth embodiment, ref-
erencing FIG. 13. The distinctive feature of the fourth
embodiment is that a protruding portion H1', which projects
from the substrate stage ST1 toward the measurement stage
ST2, is provided at substantially the center portion of the side
surface of the substrate stage ST1 in the Z axial directions.
Namely, in the present embodiment, the protruding portion
H1' does not form the upper surface F1 of the substrate stage
ST1. In addition, a recessed portion 54' that corresponds to
the protruding portion H1' is formed in the measurement
stage ST2.

Fifth Embodiment

[0101] FIG. 14 shows the fifth embodiment. As shown in
FIG. 14, the protruding portion H1' may be provided at sub-
stantially the center portion of the side surface of the mea-
surement stage ST2 in the Z axial directions, and the recessed
portion 54' may be provided in the substrate stage ST1. Fur-
thermore, the groove portion 55 may be formed in the pro-
truding portion H1' and the recovery ports 51 may be pro-
vided on the inner side of that groove portion 55. In addition,
in the present embodiment, when moving the liquid immer-
sion region LR between the upper surface F1 of the substrate
stage ST1 and the upper surface F2 of the measurement stage
ST2, the substrate stage ST1 and the measurement stage ST2
may approach one another and the protruding portion H1'
may be disposed on the inner side of the recessed portion 54'.
[0102] Furthermore, in the second through fifth embodi-
ments discussed above, it is also possible to jointly use the
recovery ports 22 of the liquid immersion mechanism 1 when
recovering all of the liquid LQ.

[0103] In addition, in the first and second embodiments
discussed above, the groove portion 55 of the measurement
stage ST2 is continuously formed from one end to the other
end of the measurement stage ST2 in the X axial directions,
but may be provided at just one part in the X axial directions,
or may be discontinuously formed.

[0104] In addition, in the first and fifth embodiments dis-
cussed above, the recovery ports 51 are disposed in the bot-
tom surface of the groove portion 55, but, instead of forming
the recovery ports, at least one thin tube that has micropores
that form the recovery ports may be disposed inside the
groove portion 55. In this case, the thin tube itself constitutes
one part of the passageway 52.

[0105] In addition, in the first, second and fifth embodi-
ments discussed above, the bottom surface of the groove
portion 55 is a flat surface, but it may be inclined with respect
to the XY plane. In this case, at least one recovery port 51 may
be disposed in the vicinity below that inclined bottom surface.
In addition, making that inclined bottom surface liquid repel-
lent in advance makes it possible to recover the liquid inside
the groove portion 55 more reliably.

[0106] In addition, in the first through fifth embodiments
discussed above, the number and arrangement of the recovery
ports of the measurement stage ST2 can be suitably modified.
[0107] In addition, in the first through fifth embodiments
discussed above, the recovery ports can also be made movable
in the Z axial directions.

[0108] In addition, in the first through fifth embodiments
discussed above, the recovery ports can also be formed with a
lyophilic material (e.g., a metal such as titanium).
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[0109] In addition, in the first through fifth embodiments
discussed above, if a plurality of the recovery ports 51 is
provided along the X axial directions, then a lyophilic fine
groove (e.g., having a width of approximately 0.5 mm) may
be formed in, for example, the bottom surface of the groove
portion 55, wherein the plurality of recovery ports 51 are
formed, or in the stage upper surface F2 so as to connect
adjoining recovery ports. In this case, the liquid inside that
fine groove is collected by the capillary phenomenon, and can
be efficiently recovered from the recovery ports 51.

[0110] In addition, in the first through fifth embodiments
discussed above, moving the recovery ports 51 (groove por-
tion 55) when recovering the liquid in the space ofthe optical
path on the image plane side of the projection optical system
PL from the recovery ports 51 (groove portion 55) makes it
possible to recover the liquid more reliably. For example, the
liquid can be recovered from the recovery ports 51 (groove
portion 55) while, for example, alternately moving the mea-
surement stage ST2 (substrate stage ST1) in the +Y and the
-Y directions.

[0111] In addition, in the first through fifth embodiments
discussed above, the plate member T of the substrate stage
ST1 is detachably configured, but it does not necessarily need
to be detachable, and may be integrally formed with the base
material PHB.

[0112] In addition, in the first through fifth embodiments
discussed above, the recovery ports 51 are provided to the
measurement stage ST2, but they may be provided to the
substrate stage ST1 instead of the measurement stage ST2, or
they may be provided to each of the two stages.

[0113] In addition, in the first through fifth embodiments
discussed above, it is preferable to provide in advance a buffer
space of a prescribed volume, for example, along the recovery
pipe 23 between the vacuum system (suction system) and the
recovery ports 22 of the liquid recovery mechanism 20, or
along the passageway 52 between the vacuum system (suc-
tion system) 53 and the recovery ports 51. The provision of
such a buffer space makes it possible to continue the suction
(recovery) of the liquid inside, for example, the recovery pipe
23 or the groove portion 55 (passageway 52) for a prescribed
time because that buffer space is negatively pressurized even
if the air intake (exhaust air) operation by the vacuum system
is stopped due to, for example, a power failure.

[0114] In addition, each of the embodiments discussed
above comprises a plurality of (e.g., two) movable substrate
stages that hold the substrate P, as disclosed in, for example,
Japanese Unexamined Patent Application, Publication No.
H10-163099, Japanese Unexamined Patent Application, Pub-
lication No. H10-214783, and Published Japanese Transla-
tion No. 2000-505958 of the PCT International Application,
and can also be adapted to a so-called multistage type expo-
sure apparatus.

[0115] As discussed above, the liquid LQ in the present
embodiment is pure water. Pure water is advantageous
because it can be easily obtained in large quantities at, for
example, a semiconductor fabrication plant, and does not
adversely impact, for example, the optical element (lens) and
the photoresist on the substrate P. In addition, because pure
water does not have an adverse impact on the environment
and has an extremely low impurity content, it can also be
expected to have the effect of cleaning the upper surface of the
substrate P and the tip surface of the optical element of the
projection optical system PL. Furthermore, the exposure
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apparatus may be provided with an ultrapure water manufac-
turing apparatus if the pure water supplied from, for example,
the plant is of low purity.

[0116] Further, the refractive index n of pure water (water)
with respect to the exposure light EL that has a wavelength of
approximately 193 nm is said to be substantially 1.44; there-
fore, the use of ArF excimer laser light (193 nm wavelength)
as the light source of the exposure light ELL shortens the
wavelength on the substrate P to 1/n, i.e., approximately 134
nm, and thereby a high resolution is obtained. Furthermore,
because the depth of focus increases approximately n times,
i.e., approximately 1.44 times, that of in air, the numerical
aperture of the projection optical system PL can be further
increased if it is preferable to ensure a depth of focus that is
approximately the same as that when used in air, and the
resolution is also improved from this standpoint.

[0117] The projection optical system of the embodiments
discussed above fills the liquid in the space of the optical path
on the image plane side of the tip optical element, butitis also
possible to employ a projection optical system that also fills
the liquid in the space of the optical path on the mask side of
the tip optical element, as disclosed in PCT International
Publication No. W0O2004/019128.

[0118] Furthermore, although the liquid LQ in the present
embodiment is water, it may be a liquid other than water; for
example, if the light source of the exposure light EL isan F,
laser, then this F, laser light will not transmit through water,
so it would be acceptable to use as the liquid LQ a fluorine
based fluid that is capable of transmitting F, laser light, such
as perfluorinated polyether (PFPE) or fluorine based oil. In
this case, the parts (components) that make contact with the
liquid LQ are treated in order to make them lyophilic by
forming a thin film with, for example, a substance that has a
molecular structure that contains fluorine and that has low
polarity. In addition, it is also possible to use as the liquid L.Q
a liquid (e.g., cedar oil) that is transparent to the exposure
light EL, has the highest possible refractive index, and is
stable with respect to the projection optical system PL. and the
photoresist coated on the front surface of the substrate P. In
this case as well, the surface treatment is performed in accor-
dance with the polarity of the liquid LQ used.

[0119] Furthermore, the substrate P in each of the above-
mentioned embodiments is not limited to a semiconductor
wafer for fabricating semiconductor devices; for example, a
glass substrate for a display device, a ceramic wafer for a thin
film magnetic head, a mask or the original plate of a reticle
(synthetic quartz, silicon wafer) used by an exposure appara-
tus can be employed as the substrate P.

[0120] The exposure apparatus EX can also be adapted to a
step-and-scan type scanning exposure apparatus (scanning
stepper) that scans and exposes the pattern of the mask M by
synchronously moving the mask M and the substrate P, as
well as to a step-and-repeat type projection exposure appara-
tus (stepper) that performs full field exposure of the pattern of
the mask M with the mask M and the substrate P in a station-
ary state, and sequentially steps the substrate P.

[0121] In addition, the exposure apparatus EX can also be
adapted to an exposure apparatus that uses a projection opti-
cal system (e.g., a dioptric projection optical system, which
does not include a reflecting element, with a & reduction
magnification) to perform full field exposure of a reduced
image of a first pattern onto the substrate P in a state wherein
the first pattern and the substrate P are substantially station-
ary. In this case, the exposure apparatus EX can also be
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adapted to a stitching type full field exposure apparatus that
subsequently further uses that projection optical system to
perform full field exposure of a reduced image of a second
pattern, in a state wherein the second pattern and the substrate
P are substantially stationary, onto the substrate P so that the
second pattern partially overlaps the first. In addition, the
stitching type exposure apparatus can also be adapted to a
step-and-stitch type exposure apparatus that transfers at least
two patterns onto the substrate P so that they partially overlap,
and sequentially steps the substrate P.

[0122] The type of exposure apparatus EX is not limited to
semiconductor device fabrication exposure apparatuses that
expose the pattern of a semiconductor device on the substrate
P, but can also be widely adapted to exposure apparatuses for
fabricating liquid crystal devices or displays, and exposure
apparatuses for fabricating, for example, thin film magnetic
heads, imaging devices (CCDs), or reticles and masks.
[0123] The exposure apparatus EX of the embodiments in
the present application is manufactured by assembling vari-
ous subsystems, including each constituent element recited in
the claims of the present application, so that prescribed
mechanical, electrical, and optical accuracies are maintained.
To ensure these various accuracies, adjustments are per-
formed before and after this assembly, including an adjust-
ment to achieve optical accuracy for the various optical sys-
tems, an adjustment to achieve mechanical accuracy for the
various mechanical systems, and an adjustment to achieve
electrical accuracy for the various electrical systems. The
process of assembling the exposure apparatus from the vari-
ous subsystems includes the mutual mechanical connection
of'the various subsystems, the wiring and connection of elec-
trical circuits, the piping and connection of the atmospheric
pressure circuit, and the like. Naturally, before the process of
assembling the exposure apparatus from these various sub-
systems, there are also the processes of assembling each
individual subsystem. When the process of assembling the
exposure apparatus from the various subsystems is complete,
a comprehensive adjustment is performed to ensure the vari-
ous accuracies of the exposure apparatus as a whole. Further-
more, it is preferable to manufacture the exposure apparatus
in a clean room wherein, for example, the temperature and the
cleanliness level are controlled.

[0124] As shown in FIG. 15, a micro-device, such as a
semiconductor device, is manufactured by: a step 201 that
designs the functions and performance of the micro-device; a
step 202 that fabricates a mask (reticle) based on this design
step; a step 203 that fabricates a substrate, which is the base
material of the device; a substrate processing step 204 that
includes a process wherein the exposure apparatus EX of the
embodiments discussed above exposes a pattern of the mask
onto the substrate; a device assembling step 205 (comprising
a dicing process, a bonding process, and a packaging pro-
cess); an inspecting step 206; and the like.

1. A lithographic apparatus comprising:

a substrate stage configured to support a substrate and a
second stage;

a liquid confinement system configured to at least partly
confine liquid in a space between a projection system
and the substrate stage, a substrate supported by the
substrate stage, or both;

the substrate stage and the second stage constructed and
arranged for mutual cooperation to perform a joint
movement wherein the liquid in the liquid confinement
structure is transferred from being confined by the sub-
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strate or the substrate stage or both to being confined by
the second stage, the liquid crossing an edge of the
substrate stage and an opposing edge of the second
stage,

wherein the substrate stage, the second stage, or both,
comprises a channel system in fluid communication
with an opening defined by the edge of the stage, the
channel system constructed and arranged to generate a
fluid flow along the edge during the joint movement, the
fluid flow including liquid from the liquid confinement
structure.

2. A lithographic apparatus comprising:
a substrate stage configured to support a substrate and a
second stage;

a liquid confinement system configured to at least partly
confine liquid in a space between a projection system
and the substrate stage, a substrate supported by the
substrate stage, or both;

the substrate stage and the second stage constructed and
arranged for mutual cooperation to perform a joint
movement wherein the liquid in the liquid confinement
structure is transferred from being confined by the sub-
strate or the substrate stage or both to being confined by
the second stage, the liquid crossing an edge of the
substrate stage and an opposing edge of the second
stage,

wherein the substrate stage, the second stage, or both,
comprises a gutter located under the edge of the respec-
tive stage, the gutter constructed and arranged to collect
liquid from the liquid confinement structure flowing
down one or both edges during the joint movement.

3. A lithographic apparatus comprising:
a substrate stage configured to support a substrate and a
second stage;

a liquid confinement system configured to at least partly
confine liquid in a space between a projection system
and the substrate stage, a substrate supported by the
substrate stage, or both;

the substrate stage and the second stage constructed and
arranged for mutual cooperation to perform a joint
movement wherein the liquid in the liquid confinement
structure is transferred from being confined by the sub-
strate or the substrate stage or both to being confined by
the second stage, the liquid crossing an edge of the
substrate stage and an opposing edge of the second
stage,

wherein the substrate stage, the second stage, or both,
comprises a fluid extraction system constructed and
arranged to collect liquid flowing between the edges
during the joint movement.

4. A lithographic apparatus comprising:
a substrate stage configured to support a substrate, the
substrate stage having an edge;

a further stage having a corresponding edge, the corre-
sponding edge constructed and arranged to mutually
co-operate with the edge when the substrate stage and
the further stage are arranged adjacently to define a gap;
and

a liquid confinement structure configured to at least partly
confine immersion liquid in a space between a projec-
tion system and a substrate, the substrate stage, or both,
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wherein, during a joint movement of the substrate stage
and the further stage, confinement of liquid in the space
by the substrate stage, the substrate or both is replaced
by the further stage, and

the substrate stage, the further stage, or both, comprises a

fluid extraction system constructed and arranged to col-
lect immersion liquid in the gap during the joint move-
ment.

5. The lithographic apparatus of claim 4, wherein the fluid
extraction system comprises a gutter constructed and
arranged to collect immersion liquid under the substrate
stage, the further stage or both flowing from the gap before,
during and/or after joint movement.

6. The lithographic apparatus of claim 5, wherein the gutter
is attached to the substrate stage and/or the further stage.

7. The lithographic apparatus of claim 6, wherein the gutter
is located under the edge of the stage to which it is attached.

8. The lithographic apparatus of claim 4, wherein the fluid
extraction system comprises a channel system comprised in
the substrate stage, the further stage or both and which is in
fluid communication with an opening defined in the edge, the
corresponding edge or both, the channel system constructed
and arranged to generate a fluid flow along the gap during the
joint movement.

9. The lithographic apparatus of claim 8, wherein the fluid
flow comprises liquid and gas away from the gap.

10. The lithographic apparatus of claim 4, further compris-
ing a positioning system comprising a motor to move the
substrate stage and/or the further stage and constructed and
arranged to control the motor during the joint movement so
that the distance between the edge and the corresponding
edge is controlled.

11. The lithographic apparatus of claim 10, wherein the
distance between the edge and the corresponding edge is
controlled to be in the range of 0 to 1 mm.
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12. The lithographic apparatus of claim 10, wherein the
positioning system comprises an interferometer system com-
prising a mirror located on the edge or the corresponding
edge.

13. The lithographic apparatus of claim 12, wherein the
mirror is on a surface staggered away from the edge or the
corresponding edge.

14. The lithographic apparatus of claim 12, wherein the
mirror is located in a protective niche defined in the edge or
the corresponding edge.

15. The lithographic apparatus of claim 12, wherein the
mirror is located underneath the fluid extraction system.

16. The lithographic apparatus of claim 4, wherein the
further stage is a substrate stage configured to support a
further substrate.

17. The lithographic apparatus of claim 4, wherein the
further stage is an actuated closing stage.

18. A device manufacturing method, comprising:

supporting a substrate on a substrate table, wherein the

substrate table is laterally movable with respect to an
adjacent table;

at least partly confining immersion liquid in a space

between a projection system and the substrate table, the
substrate or both;

jointly moving the substrate table with the adjacent table,

the adjoining edges of the substrate table and the adja-
cent table mutually cooperating to define a gap, so that
the liquid in the space is contained by the adjacent table
instead of the substrate table; and

collecting immersion liquid in the gap during joint move-

ment using a fluid extraction system.

19. The lithographic apparatus according to claim 12,
wherein the mirror is in a niche of the stage in order to protect
the mirror.



