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Abstract:

EXPOSURE METHOD AND APPARATUS, MAINTENANCE
METHOD AND DEVICE MANUFACTURING METHOD
ABSTRACT An exposure method includes holding a substrate
(P) held by a substrate holder (PH) on a substrate stage (PST)
moving on an image plane side of a projection optical system
(PL); forming an immersion area (AR2) on a side of the image
plane of the projection optical system (PL) by using a liquid (1)
supplied from a liquid supplying mechanism (10); and exposing
a substrate (P) by exposure light (EL) via the projection optical
system (PL) and the immersion area (AR2). During a period
when exposure of the substrate (P) is not performed, an upper
portion of the substrate holder (PH) is cleaned by moving the
substrate stage (PST) relative to the immersion area (AR2), and
an upper portion of a measuring stage (MST) is cleaned by
moving the measuring stage (MST) relative to the immersion
area (AR2). A cleaning liquid can be used as a liquid for forming
the immersion area (AR2) during cleaning. Upon performing
exposure by the immersion method, high-resolution immersion
exposure is performed at a high throughput by suppressing
entering and mixing of foreign materials into and with the liquid.
Figure 1
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EXPOSURE METHOD AND APPARATUS, MAINTENANCE METHOD
AND

DEVICE MANUFACTURING METHOD

ABSTRACT

An exposure method includes holding a substrate (P)
held by a substrate holder (PH} on a substrate stage (PST)
moving on an image plane side of a projection optical
system (PL); forming an immersion area (AR2) on a side of
the image plane of the projection optical system (PL) by
using a liquid (1) supplied from a ligquid supplying
mechanism (10); and exposing a substrate (P) by exposure
light (EL) via the projection optical system {(PL) and the
immersion area (ARZ). During a periocd when exposure cf the
substrate (P) is not performed, an upper portion of the
substrate holder (PH} is cleaned by moving the substrate
stage (PST) relative to the immersion area (AR2), and an
upper portion of a measuring stage (MST) is cleaned by
moving the measuring stage (MST) relative to the immersion
area (AR2). A cleaning liquid can be used as a liquid for
forming the immersion area (AR2) during cleaning. Upon
performing exposure by the immersion method, high-
resolution immersion exposure is performed at a high
throughput by suppressing entering and mixing of foreign
materials into and with the liguid.

Figure 1
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DESCRIPTION

EXPOSURE METHOD AND APPARATUS, MAINTENANCE'METHOD
AND

DEVICE MANUFACTURING METRHOD
TECHNICAL FIELD

[0001] The present invention relates to an exposure
technique for exposing a substrate with an exposure 1light
beam through a liquid, a maintenance technique for an
exposure apparatus using the exposure technique, and a
technique for producing a device using the exposure

technique.

BACKGROUND ART

[0002] A microdevice {(electronic device), which includes
a semiconductor device, a liquid crystal display device,
etc. is produced by the so-called photolithography
fechnique wherein a patterxn, which is formed on a mask such
as a reticle, is transferred onto a substrate such as a
wafer which is coated with a resist (photosensitive
material)., In order to transfer the pattern on the mask
onto fhe substrate via a projection optical system in the

photolithography step, those used are an exposure apparatus



(so-called stepper) of the reduction projection type based
on the step-and-repeat system and an exposure apparatus
(so-called scanning stepper) of the reduction projection
type based on the step-and-scan system.

[0003] As for the exposure apparatus of this type, it
has been carried out to shorten the wavelength of the
exposure light and increase the numerical aperture (NA) of
the projection optical system (realize the large NA) in
order to respond to such a request that the higher
resolution (resolving power) is demanded year by year as
the pattern becomes fine and minute accompanying with the
realization of the high integration of the semiconductor
device or the like. However, when the wavelength of the
exposure light is shortened and NA is increased, then the
resolution of the projection optical system is improved,
while the depth of focus is consequently decreased and
narrowed. Therefore, if such a situation is continued,
then the depth of focus is too narrowed and it is feared
that the focus margin may be insufficient during the
exposure operation.

[0004] In view of the above, an exposure apparatus,
which utilizes the liquid immersion method, has been
developed. The liquid immersion method is such a method
that the exposure wavelength is substantially shortened and
the depth of focus is widened as compared with those

obtained in the air (see, for example, International



Publication No. 99/49504). 1In the liquid immersion method,
the exposure is performed in such a state that the liquid
immersion area is formed by filling a space between the
lower surface of the projection optical system and a
surface of the substrate with a liquid including water,
organic solvents, etc. By doing so, the resolution can be
improved and the depth of focus can be magnified about n
times by utilizing the fact that the wavelength of the
exposure light is 1/n-fold in the liquid as compared with
the wavelength in the air (n represents the refractive
index of the liquid, which is, for example, about 1.2 to

1.6).

DISCLOSURE OF THE INVENTIOHN

Task to Be Solved by the Invention:

[0005] When the exposure process is performed by using
the liquid immersion method as described above, if any
minute foreign matter is adhered on a substrate stage which
is movable while holding the substrate as the exposure
objective, then it is feared that the foreign matter may be
entered into and mixed with the liquid during the movement
on the substrate stage with respect to the liquid immersion
area. If the foreign matter, which is entered into and
mixed with the liquid as described above, adheres onto the

substrate, it 1s feared that any defect such as the shape



deficiency or unsatisfactory shape may arise in the pattern
to be transferred.

[0006] Taking the foregoing circumstances into
consideration, a first object of the present invention is
to provide an exposure technique, a maintenance technique,
and a device-producing technique which make it possible to
decrease the amoun£ of the foreign matter that enters into
and mixes with the liquid when the exposure is performed by
the liquid immersion method. A second object of the
present invention is to provide an exposure technique, a
maintenance technique, and a device—producing technigue
which make it possible to efficiently remove the foreign
matter adhered to a member (for example, the substrate

stage, etc.) with which the liquid makes contact.

Soclution for the Task:

[00C7] According to a first aspect of the present
invention, there is provided an exposure method for
exposing a substrate (P), the exposure method comprising:
forming a liquid immersion area (AR2) on the substrate (P)
held by a substrate stage (for example, PH) to expose the
substrate with an exposure light through a liquid of the
liquid immersion area; and cleaning the substrate stage by
moving the substrate stage relative to the liquid immersion
area during a period in which the substrate is not exposed.

[0008] According to a second aspect of the present



invention, there is provided an exposure method for
exposing a substrate (P) with an exposure light via an
optical member (2) and a liguid (1), the exposure method
comprising: arranging a movable member (for example, PH),
which makes contact with the liquid, to be opposite to or
face the optical member; and moving the movable member
relative to a liquid immersion area (AR2) of a cleaning
liquid formed between the optical member and the movable
member to clean the movable member.

[0009] According to a third aspect of the present
invention, there is provided an exposure apparatus (EX)
which exposes a substrate (P) with an exposure light
through a liquid (1), the exposure apparatus comprising: a
substrate stage (for example, PH) which holds the substrate
(P); a liquid immersion mechanism (for example, 10) which
supplies the liquid onto the substrate (P) to form a ligquid
immersion area (ARZ); and a controller (for example, CONT)
which moves the substrate stage relative to the liquid
immersion area to clean the substrate stage during a period
in which the substrate is not exposed.

{00103 According to a fourth aspect of the present
invention, there is provided an exposure apparatus (EX)
which exposes a substrate (P) with an exposure light via an
optical member (2) and a liquid (1), the exposure apparatus
comprising: a movable member (for example, PH) which is

arranged to be opposite to the optical member and which



makes contact with the liquid; a liguid immersion mechanism
{for example, 10) which forms a liquid immersion area (AR2)
of a cleaning liquid between the optical member and the
movable member; and a controller (for example, CONT} which
moves the movable member relative to the liquid immersion
area to clean the movable member.

{0011) According to a fifth aspect of the present
invention, there is provided a maintenance method for an
exposure apparatus which forms a ligquid immersion area
(ARZ) on a substrate (P) held by a substrate stage (for
example, PH) and which exposes the substrate with an
exposure light through a liquid of the liquid immersion
area, the maintenance method comprising: arranging the
substrate stage to be opposite to a liquidrimmersion member
{30) which performs at least one of supply and recovery of
the liquid with respect to the ligquid immersion area; and
moving the substrate stage relative to the liguid immersion
area to clean at least one of the liquid immersion member
and the substrate stage during a period in which the
substrate is not exposed.

[0012] According to a sixth aspect of the present
invention, there is provided a maintenance method for an
exposure apparatus which exposes a substrate (P) with an
exposure light via an optical member (2) and a ligquid (1),
the maintenance method comprising: arranging a movable

member (for example, PH), which makes contact with the



liquid, to be opposite to the optical member; and moving
the movable member relative to a liguid immersion area
(AR2) of a cleaning liquid formed between the optical
member and the movable member to clean the movable member,
[0013] According to a seventh aspect of the present
invention, there is provided an exposure method for
exposing a substrate (P), the exposure method comprising:
filling, with a liquid (1), an optical path space for an
exposure light (EL) on the substrate held by a substrate
stage (for example, PH); exposing (81) the substrate with
the exposure light (EL} through the liquid; and supplying
(S2) an ultrasonically vibrated cleaning liguid {1Aa) onto
the substrate stage (PST) during a period in which the
substrate is not exposed.

[0014] According to an eighth aspect of the present
invention, there is provided an exposure method for
exposing a substrate (P), the exposure method comprising:
filling an optical path space for an exposure light (EL)
with a liquid by a liquid immersion mechanism (for example,
10) on the substrate held by a substrate stage; exposing
(SS1) the substrate with the exposure light through the
liguid; and supplying (SS2) a cleaning liguid (1A) to at
least one of a supply port (13, 14) and a recovery port
(23A to 23D), for the liquid, of the liquid immersion
mechanism during a period in which the substrate is not

exposed.



[c015] According to a ninth aspect of the present
invention, there is provided an exposure method for
exposing a plurality of areas on a substrate (P) with an
exposure light through a liguid (1), the exposure method
comprising: exposing (S1, S$S1) the plurality of areas
respectively through the liquid while moving a movable
member (PH) which holds the substrate along a first route
(60A); and cleaning {(S2, S582) the movable member with the
liquid or a cleaning liquid by moving the movable membex
holding a dummy substrate along a second route (60B, 60C,
60D) different from the first route.

[0016] According to a tenth aspect of the present
invention, there is provided an exposure apparatus (EX')
which exposes a substrate (P), the exposure apparatus
comprising: a liquid immersion mechanism (for example, 10)
which fills an optical path space for an exposure light
with a liquid on the substrate held by a substrate stage
(for example, PH); an ultrasonic vibrator (112, 122) which
is provided in the vicinity of a supply port, for the
liquid, of the liquid immersion mechanism; and a controller
(CONT) which controls the ultrasonic vibrator {112, 122) so
that a cleaning liquid, which is wvibrated by an ultrasonic
wave generated by the ultrasonic vibrator, is supplied onto
the substrate stage during a period in which the substrate
is not exposed.

[0017] According to an eleventh aspect of the present



invention, there is provided an exposure apparatus (EX')
which exposes a substrate, the exposure apparatus
comprising: a liquid immersion mechanism including a first
liquid supply mechanism (10) which supplies a liquid to an
optical path space for an exposure light on the substrate
held by a substrate stage; a second liquid supply mechanism
(12) which is provided on a side of the substrate stage and
which supplies a cleaning liquid; an ultrasonic vibrator
(117) which vibrates the cleaning liguid by an ultrasonic
wave; and a controller (CONT) which controls the ultrasonic
vibrator so that the cleaning liquid (1B), vibrated by the
ultrasonic wave generated by the ultrasonic vibrator (117),
is supplied to at least one of a supply port (13, 14) and a
recovery port (23A to 23D) for the liquid of the liquid
immersion mechanism during a period in which the substrate
is not exposed.

[0018] According to a twelfth aspect of the present
invention, there is provided an exposure apparatus (EX')
which exposes a substrate (P) through a liquid (1), the
exposure apparatus comprising: a liquid immersion mechanism
(for example, 10) which fills an optical path space for an
exposure light with the liguid on the substrate held by a
substrate stage (for example, PH); and a device (12) which
supplies a cleaning liquid to at least one of a supply port
and a recovery port for the liquid of the liguid immersion

mechanism during a period in which the substrate is not



exposed.

[0019] According to a thirteenth aspect of the present
invention, there is provided an exposure apparatus (EX')
which exposes a substrate (P) with an exposure light via an
optical member (2) and a liquid pl), the exposure apparatus
comprising: a movable member (for example, PH) which is
arranged to be opposite to the optical member; and a
cleaning device (for example, 118) which includes a
vibrator (117) provided on the movable member and which
cleans a member (for example, 30), making contact with the
liquid (1), with a cleaning liquid (1 or 1A) vibrated by
the vibrator.

[0020] According to a fourteenth aspect of the present
invention, there 1s provided a method for producing a
device, comprising: exposing (204) a substrate by using the
exposure method or the exposure apparatus (EX, EX') of the
present invention; developing (204) the exposed substrate;
and processing (205) the developed substrate.

[0021] The parenthesized reference numerals, which are
affixed to the predetermined elements of the present
invention as defined above, correspond to members depicted
in the drawings illustrating exemplary embodiments of the
present invention; However, the respective reference
numerals merely exemplify the elements of the present
invention by way of example so that the present invention

is understood more easily, and do not limit the present
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invention to any construction of the embodiment.

Effect of the Invention:

[0022] According to the present invention, any foreign
matter, which is adhered to the substrate stage and/or the
liguid immersion membexr, can be removed, for example, by
moving the substrate stage with respect to the liguid
immersion area. Therefore, afterwards, when the substrate
is exposed by the liquid immersion method, then the amount
of the foreign matter entered into and mixed with the
liguid is decreased, and it is possible to perform the

exposure highly accurately.

BRIEF DESCRIPTION OF THE DRAWINGS
[0023]

Fig. 1 shows a schematic construction of an exemplary
embodiment of an exposure apparatus of the present
invention,

Fig. 2 is a perspective view of a flow passage-forming
member 30 shown in Fig. 1.

Fig. 3 is a plan view of a construction of supply
ports and recovery ports for the liquid shown in Fig. 1.

Fig. 4 is a sectional view taken along a line IV-IV
shown in Fig. 2.

Fig. 5 is a sectional view of an attracting mechanism

and a sucking mechanism of a substrate holder PH shown in
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Fig. 1.

Fig. 6 is a magnified view of main components shown in
Fig. 5.

Fig. 7(A) is a plan view of a substrate stage PST
{substrate holder PH)} shown in Fig. 1 and a dummy substrate
CP placed thereon and depicts the route of movement of the
liquid immersion area, and Fig. 7(B) is another route of
movement of the liquid immersion area.

Fig. 8(A) is a plan view of the substrate stage PST
and a measuring stage MST shown in Fig. 1, and Fig. 8(B} is
a plan view of a state that the substrate holder PH on the
measuring stage MST and a measuring table MTB of the
measuring stage MST are allowed to make tight contact with
each other. |

Fig. 9(A) is a plan view of a situation in which the
liquid immersion area AR2 is relatively moved from the
surface of the substrate holder PH to the surface of the
measuring table MIB, and Fig. 9{B) is a plan view of a
sifuation in which the liquid immersion area AR2 is
relatively moved on the measuring table MTB.

Fig. 10 is a schematic construction of an exposure
apparatus according to a second embodiment of the present
invention.

Fig. 11 is a perspective view of a flow passage-
forming member 30 shown in Fig. 10.

Fig. 12 is a sectional view of an attracting mechanism

12



and a sucking mechanism of a substrate holder PH shown in
Fig. 10.

Fig. 13 is a magnified view of main components shown
in Fig. 12.

Figs. 14(A) and 14(B) show an example of difference,
between the exposure operation and the cleaning operation,
in the velocity of movement of the substrate stage.

Fig. 15 is a flow chart of a specific example of the
‘exposure method according to the first embodiment of the
present invention.

Fig. 16 is a flow chart of a specific example of the
exposure method according to the second embodiment of the
present invention.

Fig. 17 is a flow chart of exemplary steps of

producing a microdevice.
BEST MODE FOR CARRYING OUT THE INVENTION

First Embodiment

[0024] A preferred embodiment of the present invention
will be explained below with reference to the drawings.
Fig. 1 shows a schematic construction of an exposure
apparatus EX according to the first embodiment of the
present invention. With reference to Fig. 1, the exposure
apparatus EX includes a mask stage RST which supports a

mask M formed with a transferring pattern (pattern to be
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transferred); a substrate stage PST which supports a
substrate P as an exposure objective; an illumination
optical system IL which illuminates, with an exposure light
EL, the mask M supported by the mask stage RST; a
projection optical system PL which projects an image of the
pattern (pattern image) of the mask M, illuminated with the
exposure light EL, onto a projection area ARl on the
substrate P supported by the substrate stage PST; a
measﬁring stage MST which is formed with a reference mark
for the alignment, etc.; a controller CONT which integrally
controls the operation of the entire exposure apparatus EX;
and a liquid immersion mechanism which is provided for the
application of the liquid immersion method. The liquid
immersion mechanism of this embodiment includes a liquid
supply mechanism 10 which supplies the ligquid 1 onto the
substrate P and onto the measuring stage MST, and a ligquid
recovery mechanism 20 which recovers the liquid 1 supplied
onto the substrate P and onto the measuring stage MST.
[0025] The exposure apparatus EX forms the liguid
immersion area AR2 (locally) in a partial area on the
substrate P including the projection area ARl of the
projection optical system PL or in the partial area on the
substrate P and a surrounding area around the partial area,
with the liquid 1 supplied from the liquid supply mechanism
10 at least during the period in which the pattern image of

the mask M is transferred onto the substrate P.
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Specifically, the exposure apparatus EX adopts the local
liquid immersion system in which the liquid 1 fills a space
between the optical element (for example, a lens having a
substantially flat bottom surface or a plane-parallel) 2 at
the terminal end (end portion) on the image plane side of
the projection optical system PL and a surface of the
substrate P arranged on the image plane side; and in which
the substrate P is exposed with the exposure light EL
passing through the mask M, via the projection optical
system PL and the liquid 1 between the projection optical
system PL and the substrate P, so that the pattern of the
mask M is transferred to and exposed on the substrate P.
[0026] This embodiment is illustrative of an exemplary
case in which the scanning type exposure apparatus (so-
called scanning stepper) is used as the exposure apparatus
EX which exposes the substrate P with the pattern formed on
the mask M while synchronously moving the mask M and the
substrate P in a predetermined scanning direction. The
following description will be made assuming that the 2 axis
extends in parallel to the optical axis BAX of the
projection optical system PL, the X axis extends in the
synchronous movement direction (scanning direction) of the
mask M and the substrate P in a plane perpendicular to the
Z axis, and Y axis extends in the direction (non-scanning
direction) perpendicular to the scanning direction. The

directions of rotation (inclination) about the X axis, the
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Y axis, and the Z axis are designated as the 8X, 6Y, and 82

directions respectively. In this description, the term
"substrate” includes those obtained by coating, on a base
material including for example a semiconductor wafer such
as a silicon wafer, a photosensitive material (hereinafter
appropriately referred to as "resist™), and also includes
those obtained by coating the base material with various
films including a protective film (top coat £ilm), etc.
distinctly from the photosensitive film. The mask includes
a reticle on which a device pattern to be subjected to the
reduction projection onto the substrate is formed. For
example, the mask is cbtained such that a predetermined
pattern is formed by using a light-shielding film such as
chromium on a transparent plate member such as a glass
plate. The transmission type mask is not limited to a
binary mask in which the pattern is formed with the light-
shielding film, and also includes, for example, a phase
shift mask of the spatial frequency modulation type, etc.
or the half tone type. The substrate P of this embodiment
is obtained, for example, such that a disk-shaped
semiconductor wafer, whiéh has a diameter of about 200 mm
to 300 mm, is coated with a resist (photoresist) as the
photosensitive material to provide a predetermined
thickness (for example, about 200 nm).

[0027] At first, the illumination optical system IL

illuminates, with the exposure light EL, the mask M
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supported by the mask stage RST. The illumination optical
system IL includes an optical integrator which uniformizes
the illuminance of the light flux radiated from an
unillustrated exposure light source, a condenser lens which
collects the exposure light EL from the optical integrator,
a relay lens system, a variable field diaphragm which
defines the illumination area on the mask M brought about
by the exposure light EL to have a slit-shaped form, and
the like. A predetermined illumination area on the mask M
is illuminated with the exposure light EL having the
uniform illuminance distribution by the illumination
optical system IL. Those used as the exposure light EL
radiated from the illumination optical system IL include,
for example, emission lines {(i~ray, etc.} in the
ultraviclet region radiated, for example, from a mercury
lamp; far ultraviclet light beams (DUV light beams) such as
the KrF excimer laser beam (wavelength: 248 nm); and vacuum
ultraviolet light beams (VUV light beams) such as the ArF
excimer laser beam (wawvelength: 193 nm) and the F, laser
beam (wavelength: 157 nm). In this embodiment, the ArF
excimer laser beam is used as the exposure light EL.

[0028] The mask stage RST supports the mask M. The mask

stage RST is two—dimensionally movable in the plane
perpendicular to the optical axis AX of the projection

optical system PL on an unillustrated mask base, i.e., in

the XY plane, and it is finely rotatable in the 0Z
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direction. The mask stage RST is driven, for example, by a
mask stage-driving device RSTD such as a linear motor. The
mask stage-driving device RSTD is controlled by the
controller CONT. A reflecting mirror 55A is provided on
the mask stage RST. A laser interferometer 56A is provided
at a position opposite to or facing the reflecting mirror
55A. In reality, the laser interferometer 56A constitutes
a laser interferometer system having three or more length-
measuring axes. The position in the two-dimensional
direction and the angle of rotation of the mask stage RST
{mask M} are measured in real-time by the laser
interferometer 56A. An obtained result of the measurement
is outputted to the controller CONT. The controller CONT
drives the mask stage-driving device RSTD based on the
result of the measurement to thereby move or position the
mask M supported by the mask stage RST. The reflecting
mirror 55A 1s not limited only to the plane mirror, and may
include a corner cube (retroreflector). Alternatively, for
example, it is also allowable to use a reflecting surface
formed by mirror-finishing an end surface (side surface) of
the mask stage RST, instead of the reflecting mirror 55A.
[0029] The projection optical system PL projects the
pattern of the mask M onto the substrate P to perform the

exposure at a predetermined projection magnification f (p

represents the reduction magnification, which is, for

example, 1/4, 1/5 or the like). The projection optical
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system PL is constructed by a plurality of optical elements
including an optical element 2 which is provided at a
terminal end {end portion) on the side of the substrate P
(image plane side of the projection optical system PL).

The optical elements are supported by a barrel PK. The
projection optical system PL is not limited to the
reduction system, and may be any one of the 1x
magnification system and the magnifying system. The
optical element 2, which is disposed at the end portion of
the projection optical system PL, is provided detachably
(exchangeably) with respect to the barrel PK. The liquid 1
of the liquid immersion area AR2 makes contact with the
optical element 2. Although not shown, the projection
optical system PL is provided on a barrel surface plate
supported by three support columns via an anti-vibration
mechanism. However, as disclosed, for example, in
International Publication No. 2006/038952, the projection
optical system PL may be supported in a hanging manner on
an unillustrated main frame member etc. which is arranged
over or above the projection optical system PL or on a base
member on which the mask stage RST is arranged.

[0030] In this embodiment, pure or purified water is

used as the liquid 1. ©Not only the ArF excimer laser beam
but also the far ultraviolet light beam (DUV light beam)
such as the KrF excimer laser beam and the emission line

radiated, for example, a mercury lamp is also transmissive
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through pure water. The optical element 2 is formed of
calcium fluoride (CaFz)}. Calcium fluoride has a high
affinity for wafer. Therefore, it is possible to allow the
liguid 1 to make tight contact with the substantially
entire surface of a liquid contact surface 2a of the
optical element 2. The optical element 2 may be silica
glass which has high affinity for water.

[0031] The resist of the substrate P is, for example, a
liquid-repellent resist which repels the liquid 1. BAs
described above, the resist may be coated with the top coat
for the protection, if necessary. 1In this embodiment, the
property to repel the liquid 1 is called "liquid
repellence"”. When the liquid 1 is pure water, the liquid
repellence means the water repellence.

A substrate holder PH, which holds the substrate P,
for example, by the vacuum attraction, is fixed to the
upper portion of the substrate stage PST. The substrate
stage PST is provided with a Z stage portion which controls
the position in the Z direction {(focus position} and the
angles of inclination in the 06X and 6Y directions of the
substrate holder PH (substrate P), and an XY stage portion
which is movable while supporting the Z stage portion. The
XY stage portion is placed over a guide surface (surface
substantially parallel to the image plane of the projection
optical system PL) which is parallel to the XY plane on the

base 54, for example, with an air bearing (gas bearing)
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intervening therebetween. The substrate stage PST (% stage
portion and XY stage portion) is driven by a substrate
stage-driving device PSTD such as a linear motor. The
substrate stage—driving device PSTD is controlled by the
controller CONT. In this embodiment, the substrate holder
is formed on a table which is movable in the Z, 8%, and 0Y
directions, and these components are collectively referred
to as "substrate holdexr PH". The table and the substrate
holder may be constructed separately or distinctly, and the
substrate holder may be fixed to the table, by the vacuum
attraction, etc. The Z stage portion may include only an
actuator which drives the substrate holder PH (table) in
the 7, 8X, and 6Y directions.

[0032] A reflecting mirror 55B is provided on the
substrate holder PH on the substrate stage PST. A laser
interferometer 56B is provided at a position opposite to or
facing the reflecting mirror 55B. 1In reality, as shown in
Fig. 8{(A), the reflecting mirror 55B is constructed of an X
axis reflecting mirror 55BX and a Y axis reflecting mirror
55BY; and the laser interferometer 56B is also constructed
of an X axis laser interferometer 56BX and a Y axis laser
interferometer 56BY. With reference to Fig. 1 again, the
position in the two-dimensional direction and the angle of
rotation of the substrate holder PH (substrate P) on the
substrate stage PST are measured in real-time by the laser

interferometer 56B. An obtained result of the measurement
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is outputted to the controller CONT. The controller CONT
drives the substrate stage-driving device PSTD based on the
result of the measurement to thereby move or position the
substrate P supported by the substrate stage PST. The
laser interferometer 56B may be also capable of measuring

the information about the position in the Z axis direction
and the rotation in the 98X and 0Y directions of the

substrate stage PST, details of which are disclosed, for
example, in Published Japanese Translation of PBCT
International Publication for Patent Application No. 2001-
510577 (corresponding to International Publication No.
1999/28790) . A reflecting surface, which is formed by
mirror-finishing a side surface etc. of the substrate stage
PST or the substrate holder PH, may be used instead of the
reflecting mirror 55B.

[0033] A plate portion 97 which is flat and annular is
provided on the substrate holder PH to surround the
substrate P with the plate portion 97. The upper surface
of the plate portion 97 is a flat surface which has an
approximately same height as that of a surface of the
substrate P held by the substrate holder PH. In this
embodiment, the flat surface is liquid-repellent. In this
construction, a gap of about 0.1 to 1 mm is provided
between the edge of the substrate P and the plate portion
97. However, in this embodiment, the resist of the

substrate P is liquid-repellent, and the liquid 1 has the
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surface tension. Therefore, the liquid 1 hardly inflows
into the gap. Even when a portion in the vicinity of the
circumferential edge of the substrate P is exposed, it is
possible to retain the liquid 1 between the plate portion
87 and the projection optical system PL. In this
embodiment, the liquid 1, which inflows into the gap
between the plate portion 97 and the substrate P, can be
discharged to the outside of the substrate holder PH by a
sucking device 50 shown in Fig. 5 (details will be
described later on). Therefore, it is not necessarily
indispensable that the resist (or the top coat) of the
substrate P is liquid-repellent. In this embodiment, the
plate portion 97 is provided for the substrate holder PH.
However, the upper surface of the substrate holder PH,
which surrounds the substrate P, may be subjected to the

liquid-repelling process to form the flat surface.

Description of Liquid Supply and Recovery Mechanisms
[0034] Next, the liquid supply mechanism 10 shown in
Fig. 1 is provided to supply a certain or predetermined
liquid 1 onto the substrate P. The liquid supply mechanism
10 includes a first ligquid supply section 11 and a second
liquid supply section 12 which are capable of feeding the
liquid 1, and first and second supply tubes 11A, 12A each
of which has one end connected to one of the first and

second liquid supply sections 11, 12. Each of the first
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and second liquid supply sections 11, 12 is provided with a
tank for accommodating the liquid 1, a filter section, a
pressurizing pump, and the like. It is not necessarily
indispensable that the liquid supply mechanism 10 is
provided with all of the tank, the filter section, the
pressurizing pump, etc.; and at least a part or parté
thereof may be substituted, for example, with any equipment
of the factory or the like in which the exposure apparatus
EX is installed.

[0035] The liquid recovery mechanism 20 is provided to
recover the liquid 1 supplied onto the substrate P. The
liquid recovery mechanism 20 includes a liquid recovery
section 21 which is capable of recovering the liquid 1, and
a recovery tube 22 (constructed of first to fourth recovery
tubes 223, 22B, 22C, 22D shown in Fig. 2) which has one end
connected to the liquid recovery section 21. A valve 24
(constructed of first to fourth valves 24A, 24B, 24C, 24D
shown in Fig. 2) is provided at an intermediate position of
the recovery tube 22 (22A to 22D). The liquid recovery
section 21 is provided with a vacuum system (sucking
device) such as a vacuum pump, a tank for accommodating the
recovered liguid 1, etc. It is not necessarily
indispensable that the liquid recovery mechanism 20 is
provided with all of the vacuum system, the tank, etc., and
at least a part or parts thereof may be substituted with

any equipment of the factory or the like in which the
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exposure apparatus EX is installed.

[0036] A flow passage-forming member (liquid immersion
member) 30 is arranged in the vicinity of the optical
element 2 at the terminal end or end portion of the
projection optical system PL. The flow passage-forming
member 30 is an annular member which is provided to
surround the circumference of the optical element 2 over or
above the substrate P (substrate stage PST). The flow
passage—-forming member 30 is provided with a first supply
port 13 and a second supply port 14 (see Fig. 3) which are
arranged to be opposite to or face the surface of the
substrate P in a state that the projection area ARl of the
projection optical system PL is disposed on the substrate
P. The flow passage-forming member 30 has a supply flow
passage 82 (822, 82B) formed inside thereof. One end of
the supply flow passage 82A is connected to the first
supply port 13, and the other end of the supply flow
passage 82A is connected to the first liquid supply section
11 via the first supply tube 11A. One end of the supply
flow passage 82B is connected to the second supply port 14,
and the other end of the supply flow passage 82B is
connected to the second liquid supply section 12 via the
second supply tube 12A. Further, the flow passage-forming
member 30 is provided with four recovery ports 233 to 23D
(see Fig. 3) which are provided ovexr or above the substrate

P (substrate stage PST) and which are arranged to be
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opposite to or face the surface of the substrate P.

[0037] Fig. 2 is a perspective view schematically
illustrating the flow passage-forming member 30. As shown
in Fig. 2, the flow passage-forming member 30 is the
annular member which is provided to surround the
circumference of the optical element 2 at the terminal end
of the projection optical system PL. The flow passage-
forming member 30 is provided with a first membexr 31, a
second member 32 which is arranged on the upper portion of
the first member 31, and a third member 33 which is
arranged on the upper portion of the second member 32.

Each of the first to third members 31 to 33 is a plate-
shaped member; and the first to third members 31 to 33 have
holes 31A to 33A respectively each of which is formed at
the central portion thereof and in which the projection
optical system PL (optical element 2) can be arranged.
[0038] Fig. 3 is a perspective view of the first member
31 which is included in the first to third members 31 to 33
shown in Fig. 2 and which is arranged at the lowermost
position among the first to third members 31 to 33. With
reference to Fig. 3, the first member 31 is provided with
the first supply port 13 which is formed on a side in the -
X direction of the projection optical system PL and from
which the liquid 1 is supplied onto the substrate P, and
the second supplg port 14 which is formed on a side in the

+X direction of the projection optical system PL and from
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which the liquid 1 is supplied onto the substrate P. FEach
of the first supply port 13 and the second supply port 14
is a through-heole which penetrates through the first member
31 and which is formed to have a substantially circular
arc-shaped form as seen in a plan view. Further, the first
member 31 is provided with the first recovery port 23a, the
second recovery port 23B, the third recovery port 23C, and
the fourth recovery port 23D which are formed on the sides
in the -X direction, the -Y direction, the +X direction,
and the +Y direction respectively of the projection optical
system PL and each of which recovers the liquid 1 on the
substrate P. Each of the first to fourth recovery ports
23A to 23D is also a through-hole which penetrates through
the first member 31 and which is formed to have a
substantially circular arc-shaped form as seen in a plan
view. The first to fourth recovery ports 23A to 23D are
provided at substantially equal intervals along with the
circumference of the préjection optical system PL, and are
disposed at the outside of the projection optical system PL
than the supply ports 13, 14. The gap between the supply
ports 13, 14 and the substrate P and the gap between the
recovery ports 23A to 23D and the substrate P are provided
substantially identically. In other words, the height
positions of the supply ports 13, 14 and the height
positions of the recovery ports 23A to 23D are provided at

an approximately same height.
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[00391 With reference to Fig. 1 again, the flow passage-
forming member 30 has recovery flow passages 84 (B84A, 84B,
84C, B84D) which are provided therein and which are
communicated with the recovery ports 23A to 23D (see Fig.
3). The recovery flow passages 84B, 84D (not shown) are
flow passages to make communication between the recovery
ports 23B, 23D disposed in the non-scanning direction as
shown in Fig. 3 and the recovery tubes 22B, 22D shown in
Fig. 2. The other end of each of the recovery flow
passages 84A to 84D is communicated with the liquid
recovery section 21 via one of the recovery tubes 22A to
22D shown in Fig. 2. In this embodiment, the flow passage-
forming member 30 forms a part of the liquid supply
mechanism 10 and a part of the liquid recovery mechanism
20. That is, the flow passage-forming member 30 is a part
of the liquid immersion mechanism of this embodiment. A
part or parts of the liquid immersion mechanism, for
example, at least the flow passage-forming member 30 may be
supported in a hanging manner on the main frame (including
the barrel surface plate described above)} for retaining or
holding the projection optical system PL, or a part or
parts of the liquid immersion mechanism may be provided on
any frame member distinct from the main frame.
Alternatively, in a case that the projection optical system
PL is supported in the hanging manner as described above,

the flow passage~forming member 30 may be supported in a
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hanging manner integrally with the projection optical
system PL. Alternatively, the flow passage-forming member
30 may be provided on a meaéuring frame supported in a
hanging manner independently from the projection optical
system PL. In the latter case, it is also allowable that
the projection optical system PL is not supported in the
hanging manner.

[0040] The first to fourth valves 24A to 24D, which are
provided for the first to fourth recovery tubes 22A to 22D
respectively, open/close the flow passages of the first to
fourth recovery tubes 22A to 22D respectively. The
operations of the first to fourth valves 24A to 24D are
controlled by thé controller CONT. The liquid recovery
mechanism 20 is capable of sucking and recovering the
liquid 1 from the recovery ports 23 (232 to 23D) during the
period in which the flow passages of the recovery tubes 22
(22A to 22D) are open. When the flow passages of the
recovery tubes 22 (22A to 22D) are closed by the valves 24
(24A to 24D), the sucking and the recovery of the liquid 1
via the recovery ports 23 (23A to 23D) are stopped.

[0041] With reference to Fig. 1, the liquid supply
operations of the first and second liquid supply sections
11, 12 are controlled by the controller CONT. The
controllexr CONT is capable of independently controlling the
liquid supply amounts per unit time to be supplied onto the

substrate P by the first and second liquid supply sections
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11, 12 respectively. The liquid 1, which is fed from the
first and second liquid supply sections 11, 12, is supplied
onto the substrate P from the supply ports 13, 14 (see Fig.
3) provided on the lower surface of the flow passage-
forming member 30 {(first member 31) to be opposite to the
substrate P, via the supply tubes 11A, 12A and the supply
flow passages 82A, 82B of the flow passage-forming member
30.

[0042] The liquid recovery operation of the liquid
recovery section 21 is controlled by the controller CONT.
The controller CONT is capable of controlling the liquid
recovery amount per unit time to be recovered by the liquid
recovery section 21. The liquid 1 on the substrate P,
recovered from the recovery ports 23 provided on the lower
surface of the flow passage-forming member 30 (first member
31) to be opposite to the substrate P, is recovered by the
liguid recovery section 21 via the recovery tubes 22 and
the recovery flow passages 84 of the flow passage-forming
member 30. A liquid trap surface (inclined surface) 70,
which has a predetermined length to capture the liguid 1,
is formed on the lower surface (surface directed toward the
substrate P) of the flow passage-forming member 30 so that
the liquid trap surface 70 is disposed outside the
projection optical system PL with respect to the recovery
ports 23. The trap surface 70 is subjected to the liquid-

attracting process. The liquid 1, which outflows to the
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outside of the recovery ports 23, is captured by the trap
surface 70.

[0043] Fig. 3 also is a plan view of the positional
relationship between the projection area AR1 of the
projection optical system PL and the first and second
supply ports 13, 14 and the first to fourth recovery ports
23A to 23D formed on the flow passage-forming member 30
shown in Fig. 2. With reference to Fig. 3, the projection
area BR1 of the projection optical system PL is defined to
have a rectangular shape in which the Y direction (non-
scanning direction} is the longitudinal direction. The
ligquid immersion area AR2, which is filled with the liquid
1, is formed inside a substantially circular area
substantially surrounded by the four recovery ports 23A to
23D so that the projection area 2RI is included in the
liquid immersion area AR2. Further, the liquid immersion
area AR2 is locally formed on a part of the surface of the
substrate P (or to include a part of the surface of the
substrate P} during the scanning exposure.

[0044] The first and second supply ports 13, 14 are
formed to have the substantially circular arc-and slit-
shaped forms on the both side of the projection area ARL to
interpose the projection area AR1 between the first and
second supply ports 13 and 14 in relation to the scanning
direction (X direction). The length of the supply port 13,

14 in the Y direction is longer than at least the length of
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the projection area ARl in the Y direction. The liquid
supply mechanism 10 is capable of supplyving the liguid 1
simultaneously on the both sides 0of the projection area ARL
from the two supply ports 13, 14.

[0045] The first to fourth recovery ports 23A to 23D are
formed to have the circular arc-and slit-shaped forms to
surround the supply ports 13, 14 and the projection area
ARl. - The recovery ports 23A, 23C, which are included in
the plurality of (four) recovery ports 23A-to 23D, are
arranged on the both sides of the projection area ARLl while
interposing the projection area AR1 in relation to the X
direction (scanning direction). The recovery ports 23B,
23D are arranged on the both sides of the projection area
AR1 while interposing the projection area ARl in relation
to the Y direction (non-scanning direction). The lengths
of the recovery ports 23A, 23C in the Y direction are
longer than the lengths of the supply ports 13, 14 in the Y
direction. The recovery ports 23B, 23D are formed to have
approximately the same lengths as those of the recovery
ports 23A, 23C respectively as well. The recovery poxrts
23A to 23D are communicated with the liquid recovery
section 21 shown in Fig. 1 via the recovery tubes 22A to
22D shown in Fig. 2 respectively. In this embodiment, the
number of the recovery ports 23 is not limited to four.
Single or any arbitrary plural anumber of recovery port ox

ports 23 may be provided on condition that the recovery
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port or ports 23 is/are arranged to surround the projection
area ARl and the supply ports 13, 14.

[C046] The flow passage—forming member 30 used in the
embodiment described above is not limited to the structure
described above. For example, it is also possible to use
those described in European Patent Application Publication
No. 1420298, International Publication Nos. 2004/055803,
2004/057589, and 2004/057580, and International Publication
No. 2005/0298558 {corresponding to United States Patent
Application Publication No. 2006/0231206). 1In this
embodiment, the supply ports 13, 14 and the recovery ports
232 to 23D for the liquid are provided on the same flow
passage—-forming member 30. However, the supply ports 13,
14 and the recovery ports 23A to 23D may be provided on
distinct members. Further, for example, as disclosed in
International Publication No. 2005/122218, a second
recovery port (nozzle) for recovering the liquid may be
provided at the outside of the flow passage-forming member
30. Further, it is also allowable that the supply ports
13, 14 are not arranged to be opposite to the substrate P.
Further, the lower surface of the flow passage~forming
member 30 is arranged or set to be at an approximately same
height (Z position) as that of the lower end surface (light
exit surface) of the projection optical system PL.

However, for example, the lower surface ¢f the flow

passage~-forming member 30 may be set at a position nearer
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to the image plane side (substrate side) than the lower end
surface of the projection optical system PL. In this case,
a part (lower end portion) of the flow passage-forming
member 30 may be provided to extend crawlingly until
arrival at a position under or below the projection optical
system PL (optical element 2) so as not to block or shield

that the exposure light EL.

Description of Liquid Sucking Mechanism
in Substrate Holder'PH

[0047] With reference to Fig. 1, the substrate holder PH
of this embodiment is provided with the sucking mechanism
which discharges, to the outside, the liguid inflowed into
the side of the back surface (back surface side) of the
substrate P. The exposure apparatus EX of this embodiment
is constructed so that the substrate P as the exposure
objective coated with the resist and is disposed on the
substrate holder PH can be exchanged with a dummy substrate
CP as a substrate having a substantially same shape as that
of the substrate P, by an unillustréted wafer loader
system, if necessary. As described later on, the exposure
apparatus of this embodiment executes step of cleaning (or
washing) the upper portion of the substrate stage PST, the
upper surface of the substrate holder PH (plate portion
97), etc. in this embodiment during the period in which the

substrate P is not exposed. In this procedure, in order to
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avoid any inflow of the liquid, for example, into holes for
the vacuum attraction on the inner surface of the substrate
holder PH, the dummy substrate CP is placed on the
substrate holder PH instead of the substrate P. Therefore,
the dummy substrate CP can be also referred to as "1lid
substrate”, "lid wafer", or "cover member”™ for covering the
inner surface of the substrate holder PH.

[0048] The dummy substrate CP is formed of, for example,
a liquid-attractive substrate which has relatively high
affinity for the liquid 1 and which is composed of a
silicon substrate or the like. For example, as shown in
Fig. 5, the liquid-repelling process is performed to an
upper surface portion CPa except for an end portion
(circumferential edge portions of the upper surface and the
side surface) CPc of the substrate in order to repel the
liquid 1. 1In other words, the end portion CPc of the dummy
substrate CP is liquid-attractive, and the upper surface
portion CPa disposed at the inside of the end portion CPc
and the back surface portion of the dummy substrate CP are
ligquid-repellent. The ligquid-repelling process includes,
for example, a coating process in which a liquid-xepellent
material is coated to form a liquid-repellent coat. The
material having the liquid repellence includes, for
example, synthetic resins such as polyethylene, silicon
compounds, and fluorine-based compounds. The liguid-

repellent coat may be a single layer film, or it may be a
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film constructed of a plurality of layers. The entire
surface (front surface) of the dummy substrate CP, which
makes contact with the liquid 1, may be ligquid-repellent.
[0049] For example, as shown in a magnified view of Fig.
6, a plurality of lyophilic or liquid-attractive grooves
CPn, each of which has a width of, for example, about 1 mm,
may be formed at predetermined intervals in an area of the
upper surface portion CPa of the dummy substrate CP, the
area being coated with the liquid-repellent coat. The
substrate itself of the dummy substrate CP is liguid-
attractive. Therefore, in order to form the liquid-
attractive grooves CPn, the grooves may be mechanically
formed in the upper surface portion CPa after applyving the
liquid-repellent coat to the upper surface portion CPa.
The grooves CPn are used to capture particles as fine or
minute foreign matter entered in and mixed with the liquid
1 during the cleaning of the substrate holder PH. Note
that the dummy substrate CP may be formed of a liquid-
repellent material.

00501} With reference to Figs. 5 and 6, an explanation
will be made in detail below about the construction of the
substrate holder PH shown in Fig. 1. Fig. 5 is a side
sectional view of the substrate holder PH in a state that
the dummy substrate CP is attracted and held. Fig. 6 is a
magnified view of main components shown in Fig. 5.

As shown in Fig. 5, the substrate holder PH includes a
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base member PHB, and a holding portion. PH1 which is formed
on the base member PHB and which attracts and holds by
suction the dummy substrate CP (or the substrate P as the
exposure objective, the same assumption is applied to the
following description as well). The holding portion PH1
includes a laxge number of support portions 46 each of
which is small and.has a conical shape with a flat upper
surface 46A and which are formed on the base member PHB to
support the back surface CPb of the dummy substrate CP; and
a circumferential wall portion (rim portion) 42 which is
formed on the base member PHB, which is opposite to or
faces the back surface CPb of the dummy substrate CP, and
which has a circumferential shape to surround the large
number of support portions 46. The holding portion PH1 is
arranged in a recess 97a which is formed in the substrate
holdexr PH and in which the dummy substrate CP is
accommodated.

[0051] Each of the large number of support portions 46
functions as a protruding support pin which supports the
dummy substrate CP from the back surface. Further, the
large number of support portions 46 are arranged at
predetermined pitches in the X direction and the Y
direction at the inside of the circumferential wall portion
42 having the circumferential form. A lifting rod (not
shown) is also provided at the central portion of the

holding portion PH1 in order to move the dummy substrate CP
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upwardly and downwardly. The circumferential wall portion
42 is formed to have a substantially annular shape in
conformity with the shape of the dummy substrate CP (or the
substrate P). The flat upper surface 42A of the
circumferential wall portion 42 is provided to be opposite
or to face to the circumferential edge area (edge area) of
the back surface CPb of the dummy substrate CP. In this
embodiment, the upper surface 46A of the support portion 46
is formed to have a height same as that of the upper
surface 42A of the circumferential wall portion 42, or the
upper surface 46A of the support portion 46 is formed to be
slightly higher than the upper surface 42A. A firxst space
VP1l, which is surrounded by the dummy substrate CP, the
circumferential wall portion 42, and the base member PHB,
is formed on the side of the back surface CPb of the dummy
substrate CP held by the holding portion PHI.

[0052] With reference to Fig. 5, a large number of
suction ports 41 are formed on the base member PHB, inside
the circumferential wall portion 42 and at valley portions
between the large number of support portions 46. The
suction ports 41 are provided in order to attract by
suction (suction-attracts) and hold the dummy substrate CP.
Each of the large number of suction ports 41 is connected
to a vacuum system 40 including a vacuum pump via flow
passages 45. The holding portion PH1l, which includes the

support portions 46, the circumferential wall portion 42,
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the suction ports 41, and the flow passages 45, constitutes
the so-called pin chuck mechanism for attracting and
holding the dummy substrate CP (or the substrate P). The
controller CONT shown in Fig. 1 drives the vacuum system 40
to suck the gas (air) in the first space VPl so as to
negatively pressurize the first space VP1l, thereby suction-
attracting and holding the back surface CPb of the dummy
substrate CP on the upper surfaces 46A of the large number
of support portions 46.

[0053]- As shown in Fig. 6, an inner side surface, which
is connected to the plate portion 97 and which is opposite
to or faces the side surface of the dummy substrate CP
attracted and held by the holding portion PH1l, is formed on
the recess 97a of the substrate holder PH. A predetermined
gap A is formed between the side surface of the dummy
substrate CP held by the holding portion PH1 and the inner
side surface of the recess 97a (or the plate portion 97)
provided around the dummy substrate CP. 1In this
embodiment, the gap A is, for example, about 0.1 to 1.0 mm.
[0054] As shown in Fig. 6, a recess 97b is formed on the
bottom surface of the recess 97a of the substrate holder
PH, along the outer side surface of the first
circumferential wall portion 42. A gap B is formed along
the outer side surface between the inner side surface of
the recess 97b and the outer side surface of the

circumferential wall portion 42. In this embodiment, the
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gap B is defined to be, for example, about 1.0 mm. The
outer diameter of the annular circumferential wall portion
42 is formed to be smaller than the outer diameter of the
dummy substrate CP (or the substrate P). The edge area of
the dummy substrate CP overhangs by a predetermined amount
toward the outside of or beyond the circumferential wall
portion 42. 1In this embodiment, an overhang portion H1l is,
for example, about 1.5 mm.

[0055] The inner diameter of the inner side surface of
the recess 97b is formed to be smaller than the outer
diameter of the dummy substrate CP. The bottom surface of
the recess 97a is formed to be slightly lower than the
upper surface 42A of the circumferential wall portion 42 by
a gap G. In this embodiment, the gap G is defined to be 1
to 1,000 um. As a result, a second space VP2 of the gap B
is formed at the outside of the circumferential wall
portion 42 on the back surface side of the dummy substrate
CP held by the holding portion PH1. The second space VP2
is communicated with the outside air of the substrate
holder PH via the gap A and the gap G between the recess
97a and the dummy substrate CP.

[0056] As shown in Fig. 6, on the bottom surface of the
recess 97 of the substrate holder PH opposite to the back
surface of the dummy substrate CP, recovery ports 51, each
of which has a substantially circular shape as seen in a

plan view, are provided at a plurality of predetermined
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positions (for example, seven positions) respectively
disposed along the outer side surface of the
circumferential wall portion 42. The recovery ports 51 are
connected via flow passages 52 respectively to the sucking
device 50 including the vacuum system. The sucking is
performed by the sucking device 50 so that the second space
VP2 is negatively pressurrized via the recovery ports 51.
By doing seo, when the boundary portion between the dummy
substrate CP and the plate portion 97 passes across the
liquid immersion area AR2, the liquid 1 inflowing into the
second space VP2 via the gap A and the gap G can be
discharged to the outside of the substrate holder PH from
the bottom surface side of the dummy substrate CP. In this
procedure, the back surface CPb of the dummy substrate CP
makes tight contact with the upper surface 42A of the
circumferential wall portion 42 shown in Fig. 6 by the
vacuum system 40 shown in Fig. 5. Therefore, the liquid 1
is not allowed to inflow from the second space VP2 into the
first space VPl on the back surface of the dummy substrate
CP, thereby avoiding any erroneous operation of the wvacuum
system 40, etc.

[0057] The sucking device 50 which is connected to the

second space VP2 via the recovery ports 51 and the vacuum
system 40 which is provided to allow the first space VPl to
have the negative pressure are independent from each other.

The controller CONT is capable of controlling the
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operations of the sucking device 50 and the vacuum system
40 individually or independently. It is possible to
perform the sucking operation for sucking the liquid by the
sucking device 50 and the sucking operation for sucking the
~gas by the first vacuum system 40 independently from each
other.

[0058] Further, the liquid-repelling process is
performed to at least a part of the substrate holder PH.
The substrate holder PH has the liquid repellence with
respect to the liquid 1. 1In this embodiment, the upper
surface 42A and the outer side surface of the
circumferential wall portion 42 of the holding portion PH1
and the upper surfaces 46A of the support portions 46,
which are included in the base member PHB of the substrate
holder PH, have the liquid repellence. Further, the plate
portion 97 and the inner side surface and the bottom
surface of the recess 8%7a also have the liquid repellence.
Further, the inner side surface of the recess 97b alsc has
the liquid repellence. The liquid-repelling process for
the substrate holder PH includes a process in which a
ligquid-repellent material such as a fluorine-based resin
material or an acrylic resin material is subjected to the
coating.

[0059] As for the substrate holder PH shown in Fig. 5,
the plate portion 97 may be a ring-shaped exchangeable

plate member; and the liquid-repelling process may be
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performed to the surface of the plate member, and the plate
member may be supported by members which are the same as or
equivalent to the support portions 46 so.that the plate
member may be held from the bottom surface side by the
vacuum attraction. Accordingly, for example, if any dirt
or contamination, which cannot be removed by the cleaning
process as described later on, is adhered, it is possible
to exchange only the plate member at any time.

In the explanation concerning Figs. 5 and 6 described
above, the dummy substrate CP is held by the substrate
holder PH. However, the substrate P as the exposure
ocbjective can be also held by the substrate holder PH in
the same manner as described above. Alsc in this case, the
height (position in the Z direction) of the plate portion
97 is defined so that the surface of the substrate P and
the surface of the plate portion 97 are substantially

disposed on the same plane.

Description of Measuring Stage
[0060] With reference to Fig. 1 again, the measuring
stage MST includes an X stage portion 181 which has an
oblong plate shaped form long in the Y direction and which
is driven in the X direction (scanning direction); a
leveling table 188 which is placed on the X stage portion
181, for example, with an air bearing intervening

therebetween; and a measuring table MTB which serves as a
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measuring unit arranged on the leveling table 188. As an
example, the measuring table MTB is placed on the leveling
table 188 with an air bearing intervening therebetween.
However, the measuring table MTB and the leveling table 188
can be integrated into one integrated body as well. The X
stage portion 181 is placed movably in the X direction on
the base 54 with an air bearing intexrvening therebetween.
[0061] Fig. 8(A) is a plan view of the substrate stage
PST and the measuring stage MST shown in Fig. 1. With
reference to Fig. 8(A), X axis statoxrs 186, 187, each of
which includes a plurality of permanent magnets arranged in
a predetermined arrangement in thé X direction on the inner
surface, are installed in parallel to the X axis so as to
interpose the base 54 in the Y direction (non-scanning
direction} between the ¥ axis stators 186, 187. A Y axis
slider 180 is arranged movably in the X direction
substantially in parallel to the Y axis, between the
stators 186, 187 via movers 182, 183 which include coils
respectively. The substrate stage PST is arranged movably
in the Y direction along the Y axis slider 180. A Y axis
linear motor, which drives the substrate stage PST in the Y
direction, is constructed by movers included in the
substrate stage PST and stators (not shown) disposed on the
Y axis slider 180. A pair of X axis linear motors, which
drive the substrate stage PST in the X direction, are

constructed by the movers 182, 183 and the stators 186, 187
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corresponding to the movers 182, 183 respectively. The X
axis linear motor, the Y axis linear motor, etc. construct
the substrate stage-driving device PSTD shown in Fig. 1.
[0062] On the other hand, an X stage portion 181 of the
measuring stage MST is arranged movably in the X direction,
between stators 186, 187 via movers 184, 185 including
coils respectively. A pair of X axis linear motors, which
drive the measuring stage MST in the X direction, are
constructed by the movers 184, 185 and the stators 186, 187
corresponding to the movers 184, 185 respectively. The X
axis linear motors, etc. are represented as the measuring
stage-driving device TSTD in Fig. 1.

[0063] With reference to Fig. 8{A), a stator 167 which
has a "]}"-shaped cross-sectional form and in which a
plurality of permanent magnets are arranged to generate
uniform magnetic field in the Z direction, to be opposite
to the inner surface and a stator 171 wﬁich has a flat
plate~shaped form and which includes a coil wound
(arranged) substantially along the X axis are successively
fixed to an end of the X stage portion 181 in the -X
direction so that the stators 167 and 171 are disposed
substantially in parallel to the Y axis and are stacked in
the Z direction. Movers 166A, 166B, which include coils
wound (arranged) along the Y axis respectively, are fixed
at two positions respectively, the two positions being

separated in the Y direction on the measuring table MTB so
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that the movers 166A, 166B are arranged in the stator 167
disposed at the lower position. A mover 170, which has a
"]"-shaped cross-sectional form and in which a plurality of
permanent magnets are arranged in a predetermined
arrangement in the Y direction, is fixed to the measuring
table MIB so that the stator 171 disposed at the upper
position is interposed in the Z direction. X axis voice
coil motors 168A, 168B (see Fig. 1), which drive the
measuring table MTB in the X direction and the 6Z direction
with respect to the X stage portion 181 respectively, are
constructed by the movers 166A, 166B and the stator 167
disposed at the lower position. A Y axis linear motor 169,
which drives the measuring table MTB in the Y direction
with respect to the X stage portion 181, is constructed by
the mover 170 and the stator 171 disposed at the upper
position.

[0064] An X axis reflecting mirror 55CX and a Y axis
reflecting mirror 55CY are fixed in the -X direction and
the +Y direction respectively on the measuring table MTB.
An X axis laser interferometer 56C is arranged to be
opposite to the reflecting mirror 55CX in the -X direction.
The reflecting mirrors 55CX, S55CY are represented by the
reflecting mirror 55C in Fig. 1. The laser interferometer

56C is a multi-axis laser interferometer; and the position
in the X direction, the angle of rotation in the 6%

direction, etc. of the measuring table MTB are always
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measured by the laser interferometer 56C. Instead of the
reflecting mirror 55C, it is allowable to use, for example,
a reflecting surface, which is formed by mirror-finishing a
side surface, etc. of the measuring stage MST.

[0065] On the other hand, with reference to Fig. 8(d),
the laser interferometer 56BY, which is provided to measure
the position in the Y direction, is commonly used for the
substrate stage PST and the measuring stage MST. That is,
the optical axes of the two X axis laser interferometers
56BX, 56C pass through the center of the projection area
ARl of the projection optical system PL (coincident with
the optical axis AX shown in Fig. 1 in this embodiment},
and the optical axes are parallel to the ¥ axis. The
optical axis of the Y axis laser interferometer 56BY passes
through the center of the projection area of the projection
optical system PL (optical axis AX), and the optical axis
is parallel to the Y axis. Therefore, usually, when the
substrate stage PST is moved to a position under oxr below
the projection optical system PL in order to perform the
scanning exposure, then the laser beam of the laser
interferometer 56BY is irradiated onto the reflecting
mirror 55BY of the substrate stage PST, and the position of
the substrate stage PST (substrate P} in the Y direction is
measured by the laser interferometer 56BY. For example,
when the measuring table MTB of the measuring stage MST is

moved to the position under or below the projection optical
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system PL in order to measure the image formation
characteristic of the projection optical system PL, etc.,
then the laser beam of the laser interferometer 56BY is
irradiated onto the reflecting mirror 55CY of the measuring
table MTB, and the position of the measuring table MTB in
the Y direction is measured by the laser interferometer
56BY. Accordingly, the positions of the substrate stage
PST and the measuring table MTB can be always measured
highly accurately, with the center of the projection area
of the projection optical system PL as a reference.
Further, it is possible to decrease the number of laser
interferometers which are highly accurate but expensive,
thereby making it possible to reduce the production cost.
[00é6] Linear encoders (not shown) of the optical
system, etc. are arranged along the Y axis linear motor for
the substrate stage PST and the Y axis linear motor 169 for
the measuring table MTB. The position in the Y direction
of the substrate stage PST or the measuring table MTB is
measured by one of the linear encoders during a period in
which the laser beam of the laser interferometer 56BY is
not irradiated onto the reflecting mirror 55BY or 55CY.
[0067] With reference to Fig. 1 again, the position in
the two-dimensional direction and the angle of rotation of
the measuring table MTB are measured by the laser
interferometer 56C and the laser interferometer 56BY shown

in Fig. 8(2) {or the linear encoder). An obtained result
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of the measurement is outputted to the controller CONT.
The controller CONT drives the measuring stage-driving
device TSTD, the linear motor 169, and the voice coil
motors 168A, 168B based on the measurement result, thereby
moving or positioning the measuring table MTB of the
measuring stage MST. |

[0068] The lewveling table 188 is provided with three 2
axis actuators each of which is capable of controlling the
position in the Z direction, for example, with an air
cylinder or a voice coil motor system. The position in the
Z direction and the angles in the 6X direction and the 8Y
direction of the measuring table MTB are controlled by the
leveling table 188 so that the upper surface of the
measuring table MIB is focused with respect to the image
plane of the projection optical system PL. For this
purpose, an autofocus sensor (not shown) is provided in the
vicinity of the flow passage-forming member 30 in order to
measure the position of the detection objective surface
such as the upper surface of the substrate P disposed in
the projection area ARL and in the vicinity of the
projection area ARl. The controller CONT controls the
operation of the leveling table 188 based on the measured
value obtained by the autofocus sensor. Further, although
not shown, an actuator is also provided in order that the

position of the leveling table 188 in the X direction, the

Y direction, and the 0% direction with respect to the X
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stage portion 181 is maintained at a predetermined
position.

[0069] The autofocus sensor also detects information

about the inclination in the 06X and 0OY directions (angle of

rotation) by measuring the position information in the 2
direction about the detection objective surface at a
plurality of measuring points thereof respectively. At
least a part or parts of the plurality of measuring points
may be defined in the liquid immersion area AR2 (or in the
projection area ARl). Alternatively, all of the plurality
of measuring points may be defined at the outside of the
liguid immersion area AR2. Further, for example, when the
laser interferometers 56B, 56C are capable of measuring the
position information in the Z axis, 90X, and 8Y directions
about the detection objective surface, then it is also
allowable that the autofocus sensor is not provided for the
purpose of making it possible to measure the position
information in the Z direction during the exposure
operation of the substrate P; and it is also allowable that
the position of the detection objective surface is
controlled in relation to the 2 axis, 06X, and 0Y directions
by using the measurement results of the laser
intexferometers 55B, 55C at least during the exposure
operation.

[0070] The measuring table MTB of this embodiment is

provided with measuring devices (measuring members) for

50



performing various types of measurement in relation to the
exposure. That is, the measuring table MTB is provided
with a body 159 of the measuring table (measuring-table
body 159) to which the reflecting mirror 55C, the mover,
etc. of the linear motor 169 are fixed; and a plate 101
which is fixed to the upper surface of measuring-table body
159 and which is composed of a light-transmissive material
having a low cocefficient of expansion including, for
example, silica glass. A chromium film is formed on the
substantially entire surface of the plate 101; and the
plate 101 has, at a several positions of the plate 101, an
area for the measuring device and a reference mark area FM
having a plurality of reference marks formed therein, as
disclosed, for example, in Japanese Patent Application
Laid-open No. 5-21314 (corresponding to United States
Patent No. 5,243,1985).

[0071] As shown in Fig. 8{A), a pair of reference marks
FMl, FM2 for an alignment sensor 90 for the mask shown in
Fig. 1 and a reference mark FM3 for an alignment sensor ALG
for the substrate arranged on a side surface of the
projection optical system PL are formed in the reference
mark area FM on the plate 10l. By measuring the positions
of the reference marks with the corresponding alignment
sensors respectively, it is possible to measure the
baseline amount as the spacing distance (positional

relationship) between the projection position of the
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projection area ARl of the projection optical system PL and
the detecting‘position of the alignment sensor ALG. Upon
measuring the baseline amount, the liquid immersion area
ARZ is formed on the plate 101. The alignment sensor 90 is
used to detect the positional relationship between the mark
of the mask M and the reference marks FM1, FM2. The
alignment sensor ALG is used to detect the position
information about the alignment mark on the substrate P and
the reference mark FM3. Each of the alignment sensors 90,
ALG of this embodiment performs the mark detection in
accordance with the image processing system. However, it
is also allowable to adopt any other system including, for
example, a system in which a diffracted light beam
generated from the mark by the irradiation of a coherent
beam is detected.

[0072] Various types of measuring aperture patterns are
formed in the area for the measuring devices on the plate
101. The measuring aperture patterns include, for example,
an aperture pattern for measuring a spatial image {(for
example, a slit-shaped aperture pattern), a pinhole
aperture pattern for measuring uneven illuminance, an
aperture pattern for measuring illuminance, and an aperture
pattern for measuring wave aberration. Measuring devices,
corresponding to the aperture patterns respectively and
each constructed of a measuring optical system and a

photoelectric sensor, are arranged in the measuring-table
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body 159 located on the bottom surface side of the aperture
patterns.

[0073] Examples of the measuring devices include, for
example, an uneven illuminance sensor as disclosed, for
example, in Japanese Patent Application Laid-open No. 57-
117238 (corresponding to United States Patent No.
4,465,368), a spatial image-measuring device for measuring
the light intensity of a spatial image (projected image) of
a pattern projected by the projection optical system PL as
disclosed, for example, in Japanese Patent Application
Laid—open No. 2002-14005 (corresponding to United States
Patent Application Publication No. 2002/0041377), an
illuminance monitor as disclosed, for example, in Japanese
Patent Application Laid-open No. 11-16816 (corresponding to
United States Patent Application Publication No.
2002/0061469), and a wave aberration-measuring device as
disclosed, for example, in International Publication No.
99/60361 (corresponding to European Patent No. 1,079,223).
[0074] In this embodiment, in correspondence to that the
liquid immersion exposure is performed to expose the
substrate P with the exposure light EL via the projection
optical system PL and the liguid 1, the exposure light EL
is recelved via the projection optical system PL and the
liquid 1, for example, in the uneven illuminance sensor,
the illuminance monitor, the spatial image-measuring

device, and the wave aberration-measuring device described
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above to be used for the measurement using the exposure
light EL. Therefore, a liguid-repellent coat is applied to
the surface of the plate 101. In this embodiment, the
reference mark and at least one of the plurality of
measuring devices described above are provided as the
measuring members on the measuring table MTB. However, the
type and/or the number, etc. of the measuring member or
members are not limited to this. It is also allowable to
provide, as the measuring member or members, for example, a
transmittance-measuring device for measuring the
transmittance of the projection optical system PL and/or a
measuring device for observing the ligquid immersion
mechanism 8 described above, for example, the flow passage-
forming member 30 (or the optical element 2}. Further,
only a part ox parxts of the measuring device may bhe
provided on the measuring stage MST, and the remaining part
or parts of the measuring device may be provided at the
outside of the measuring stage MST. Any member different
from the measuring device, which includes, for example, the
cleaning member for cleaning the flow passage-forming
member 30, the optical element 2, etc. may be provided on
the measuring stage MST. It is alsc allowable that the
measuring member, the cleaning member and the like are not
provided on the measuring stage MST. 1In this case, the
measuring stage MST is arranged to be opposite to or face

the projection optical system PL while being exchanged with
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the substrate stage PST, in order to maintain the liquid
immersion area AR2 described above, for example, during the

exchange of the substrate P.

Exposure Step
[0075] Next, the exposure method and the maintenance
method according to the present invention will be explained
with reference to a flow chart shown in Fig. 15. 1In Fig.
1, a plurality of shot areas are defined on the substrate
P. The controller CONT of this embodiment moves the
substrate stage PST while monitoring the output of the
laser interferometer 56B so that the substrate P is
advanced or moved along with a predetermined route with
respect to the optical axis AX (projection area AR1l) of the
projection optical system PL to successively expose the
plurality of shot areas in the step-and-scan manner (Step
Sl shown in Fig. 15). That is, a partial image of the
pattern (partial pattern image) of the mask M is projected
onto the rectangular projection area ARl by the projection
optical system PL during the scanning exposure effected by
the exposure apparatus EX. The mask M is moved at a
velocity V in the X direction with respect to the

projection optical system PL, in synchronization with which
the substrate P is moved at a velocity BeV (B represents

the projection magnification) via the substrate stage PST.

After the exposure is completed on one shot area on the
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substrate P, the next shot area is moved to the scanning
start position by the step-movement of the substrate P.

The scanning exposure process is successively performed for
the respective shot areas thereafter while moving the
substrate P in the step-and-scan manner.

[0076] The controller CONT drives the liquid supply .
mechanism 10 during the exposure process for the substrate
P to perform the liguid supply operation for supplying the
liquid onto the substrate P. The liquid 1, which is fed
from each of the first and second liquid supply sections
11, 12 of the liquid supply mechanism 10, flows through the
supply tubes 11A, 12A, and then the liquid 1 is supplied
onto the substrate P via the supply flow passages 82A, 82B
formed in the flow passage-forming member 30.

The liquid 1 supplied onto the substrate P flows under
or below the projection optical system PL in conformity
with the movement of the substrate P. For example, when
the substrate P is moved in the 4X direction during the
exposure of a certain shot area, the liquid 1 flows under
or below the projection optical system PL at an
approximately same velocity as that of the substrate P in
the +X direction which is the same as the moving direction
of the substrate P. In this state, the exposure light EIL,
which is radiated from the illumination optical system IL
and which passes through the mask M, is irradiated onto the

image plane side of the projection optical system PIL,
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thereby exposing the substrate P with the pattern of the
mask M via the projection optical system PL and the ligquid
1 of the liquid immersion area ARZ2. The controller CONT
performs the supply of the liquid 1 onto the substrate P by
the liquid supply mechanism 10 when the exposure light EL
is radiated onto the image plane side of the projection
optical system PL, i.e., during the exposure operation for
the substrate P. The liquid immersion area AR2 is formed
satisfactorily by continuing the supply of the ligquid 1 by
the liquid supply mechanism 10 during the exposure
operation. On the other hand, the controller CONT performs
the recovery of the liquid 1 from the surface of the
substrate P by the liquid recovery mechanism 20 when the
exposure light EL is radiated onto the image plane side of
the projection optical system PL, i.e., during the exposure
operation for the substrate P. It 1s possible to suppress
the expansion of the liquid immersion area AR2, etc. by
continuously executing the recovery of the liquid 1 by the
liquid recovery mechanism 20 during the exposure operation
(when the exposure light EL is radiated onto the image
plane side of the projection optical system PL).

[0077} In this embodiment, the liquid supply mechanism
10 supplies the liquid 1 onto the substrate P
simultaneously from the both sides of the projection area
ARL through the supply ports 13, 14 during the exposure

operation. Accordingly, the liquid 1, which is supplied
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from the supply ports 13, 14 onto the substrate P, is
satisfactorily spread in the space between the substrate P
and the lower end surface of the optical element 2 at the
end portion of the projection optical system PL and the
space between the substrate P and the lower surface of the
flow passage-forming member 30 (first member 31), forming
the liquid immersion area AR2 in a range which is wider
than at least the projection area ARI.

[0078] Upon supplying the liquid 1 onto the substrate P
from the both sides in the scanning direction of the
projection area AR1, the controller CONT may control the
liquid supply operations of the first and second liquid
supply sections 11, 12 of the liquid supply mechanism 10 so
that a liquid supply amouﬁt per unit time, which is to be
supplied at a position approaching the projection area AR1
in relation to the scanning direction, is set to be greater
than a liquid supply amount which is to be supplied at a
position on the side opposite to the position approaching
the projection area AR1. 1In this case, for example, there
is such a possibility that when the substrate P is moved in
the +X direction, the amount of the liquid to be moved
toward the side in the +X direction with respect to the
projection area AR1 might be increased, and thus a large
amount of the liguid might outflow to the outside of the
substrate P. However, the liquid 1, which is moved toward

the side in the +X direction, is captured by the trap
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surface 70 provided on the lower surface on the +X side of
the flow passage-forming member 30. Therefore, it is
possible to suppress the inconvenience which would be
otherwise caused such that the liquid scatters in and/or
outflows to, for example, the surroundings of the substrate
P.

[0079] It is also allowable that the recovery operation
for recovering the liquid 1 by the liquid recovery
mechanism 20 is not performed during the exposure
operation, and that the flow passage of the recovery tube
22 is opened after the completion of the exposure to
recover the liquid 1 on the substrate P. As an example,
the liguid 1 may be recovered from on or the surface of the
substrate P by the liquid recovery mechanism 20 only during
a partial period (at least a part of the stepping period)
after the completion of the exposure for a certain shot
area on the substrate P and until the start of the exposure
for the next shot area.

[0080] The controller CONT continues the supply of the
liquid 1 by the liquid supply mechanism 10 during the
exposure of the substrate P. By continuing the supply of
the liquid 1 as described above, it is possible not only to
fill the space between the projection optical system PL and
the substrate P with the liquid 1 satisfactorily, but also
possible to avoid the generation of the vibration of the

ligquid 1 (so-called the water hammer phenomenon). In this
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way, all of the shot areas on the substrate P can be
subjected to the exposure by the liquid immersion method.
The controller CONT moves the measuring stage MST to the
pesition opposite to or facing the op?ical element 2 of the
projection optical system PL, for example, during the
exchange of the substrate P, to form the liquid immersion
area ARZ on the measuring stage MST. In this case, the
substrate stage PST and the measuring stage MST are moved
in a state that the substrate stage PST and the measuring
stage MST are close to each other, and when one of the
stages is exchanged with the other of the stages, the one
of the stages is arranged to be opposite to the optical
element 2. With this, the liquid immersion area ARZ is
moved between the substrate stage PST and the measuring
stage MST. The controller CONT executes the measurement in
relation to the exposure (for example, the baseline
measurement) by using at least one measuring device
{measuring member) provided on the measuring stage MST in a
state that the liquid immersion area AR2 is formed on the
measuring stage MST. Details of the operation for moving
the liquid immersion area AR2 between the substrate stage
PST and the measuring stage MST and the measuring operation
of the measuring stage MST during the exchange of the
substrate P are disclosed, for example, in International
Publication No. 2005/074014 (corresponding to European

Patent Application Publication No. 1713113) and
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International Publication No. 2006/013806. The exposure
apparatus, which is provided with the substrate stage and
the measuring stage, is disclosed, for example, in Japanese
Patent Application Laid-open No. 11-135400 (corresponding
to International Publication No. 1999/23692) and Japanese
Patent Application Laid-open No. 2000-164504 ({(corresponding
to United States Patent No. 6,897,963). The contents of
United States Patent No. 6,897,963 is incorporated herein
by reference within a range of permission of the domestic
laws and ordinances of the designated state and the

selected state.

Cleaning Step
foo81] When the substrate P shown in Fig. 1 makes
contact with the liquid 1 of the liquid immersion area ARZ
in the exposure step as described above, a part of a
component of the substrate P is eluted into the liquid 1 in
some cases. For example, when a chemical amplification
type resist is used as the photosensitive material of the
substrate P, the chemical amplification type resist
includes a base resin, a photo acid generator (PAG)
contained in the base resin, and an amine-based substance
called "quenchexr". When the resist as described above
makes contact with the liquid 1, a part of the components
of the resist, specifically PAE, the amine-based coﬁpound,

etc. are sometimes eluted into the liquid 1. Even in a
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case that the base material of the substrate P itself (for
example, the silicon substrate) makes contact with the
liquid 1, there is such a possibility that any part of the
component of the base material (silicon, etc.) might be
eluted into the liquid 1 depending on the substances for
constructing the base material.

[0082] As described above, there is such a possibility
that the liguid 1, which makes contact with the substrate
P, might contain any minute foreign matter such as
particles composed of resist residue, impurities, etc.
generated from the substrate P. There is also such a
possibility that the liquid 1 might contain any minute
foreign matter such as impurities and dust contained in the
atmospheric air, etc. Therefore, there is such a
possibility that the liquid 1, which is recovered by the
liguid recovery mechanism 20, might contain the foreign
matter including various impurities, ete. In view of the
above, the liquid recovery mechanism 20 discharges the
recovered liquid 1 to the outside. At least a part of the
recovered liquid 1 may be cleaned by an internal processing
apparatus, and then the cleaned liquid 1 may be returned to
the liquid supply mechanism 10.

[0083] It is feared that the minute foreign matter such
as the particles, which enters into and mixes with the
liquid 1 of the liquid immersion area AR2, might adhere to

and remain on the upper surface of the substrate holder PH
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located at the upper portion of the substrate stage PST
and/or the upper surface of the measuring table MTB on the
measuring stage MST. It is feared that the foreign matter,
which remains as described above, might enter into and mix
with the liquid 1 of the liquid immersion area AR2 again
during the exposure of the substrate P. If the foreign
matter, which entered into and mixed with the liguid 1,
adheres onto the substrate P, it is feared that any failure
or inconvenience including, for example, the shape defect,
might arise in the pattern formed on the substrate P.
[0084] Accordingly, the exposure apparatus EX of this
embodiment executes the cleaning step (Step 82 shown in
Fig. 15) for the substrate stage PST (substrate holder PH)
and the measuring stage MST as follows during the period in
which the substrate P is not exposed, for example, during
the period after the exposure is completed for the
substrate of a certain lot and until the exposure is
started for the substrate of the next lot. In the cleaning
step, at first, the dummy substrate CP described above is
attracted and held on the substrate helder PH. 1In a state
that the radiation of the exposure light EL is stopped, as
shown in Fig. 4, the liguid 1 is supplied onto the dummy
substrate CP from the liquid supply mechanism 10 (1liquid
supply sections 11, 12) to form the liquid immersion area
AR2 on the dummy substrate CP; and the substrate stage PST

and the measuring stage MST are moved along with the
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predetermined routes with respect to the liquid immersion
area AR2Z (flow passage-forming member 30) to clean the
upper surface of the substrate holder PH on the substrate
stage PST and the upper surface of the measuring table MTB
of the measuring stage MST. 1In this procedure, for
example, the liquid 1 of the liquid immersion area AR2 is
recovered by the liquid recovery mechanism 20 (liquid
recovery section 21) by approximately the same amount as
the supply amount per unit time of the liquid 1 supplied by
the liguid supply sections 11, 12. With this, the foreign
matter, which remains on the substrate holder PH and the
measuring table MTB, is allowed to enter into and mix with
the liquid 1 to be recovered by the liquid recovery section
21, while maintaining the liquid immersion area AR2 to have
a size in the desired state. The mask stage MST is made to
stand still in the cleaning step. That is, the cleaning
step is common to the exposure step in that the substrate
stage PST is moved relative to the liquid immersion area
ARZ2, However, the cleaning step is different Ffrom the
exposure step in that the exposure light EL is not radiated
and the mask stage MST is made to stand still.

[0085] Figs. 7{(A) and 7(B) show examples of the movement
route (movement locus) of the substrate stage PST with
respect to the liquid immersion area AR2 during the
cleaning of the substrate stage PST. In Fig. 7(A), as an

example, the substrate stage PST is moved so that the
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liquid immersion area AR2 is relatively moved, on the
substrate holder PH of the substrate stage PST, along a
route 60A on the entire surface of the dummy substrate CP
in the same manner as in the ordinary scanning exposure on
the substrate holder PH of the substrate stage PST. Note
that in reality, the liquid immersion area ARZ2 is made to
stand still, and the substrate stage PST is moved.

Howewver, for the convenience of the explanation, Figs. 7(A)
and 7(B) are depicted as if the liquid immersion area AR2
is moved on the substrate stage PST.

[0086] As another example, it is allowable to define the
movement route of the substrate stage PST in the same
manner as in a case that the alignment measurement is
performed in accordance with the enhanced global alignment
(EGA) system by the alignment sensor ALG (case that a
plurality of alignment marks on the substrate P are
detected by the alignment sensor ALG) as disclosed, for
example, in Japanese Patent Application Laid-open No. 61-
44428 (corresponding to United States Patent No.
4,780,617). For example, as shown in Fig. 7(B), the
substrate stage PST may be moved at a high velocity so that
the alignment sensor ALG is moved over or above the
substrate P along with a route 60B. In a case that the
substrate stage PST is moved at a high velocity with
respect to the liquid immersion area AR2 and/or in a case

that the substrate stage PST is moved in one direction over
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a long distance, the foreign matter sometimes easily
remains on the substrate stage PST (plate portion 97 of the
substrate holder PH). For example, in a case that the
liguid immersion area AR2 is moved between the substrate
stage PST and the measuring stage MST, if the liguid
immersion area AR2 is moved along a route 60 C (see Fig. 7)
on the substrate holder PH at a high velocity and
continuously in the X direction over a long distance, then
the foreign matter sometimes easily remains on the
substrate holder PH along with the route 60C. Accordingly,
in thé cleaning step, the substrate stage PST may be moved
with respect to the liquid immersion area AR2 so that the
liguid immersion area AR2 is moved on the substrate holder
PH along with the route 60C. With this, it is possible to
clean (remove) the foreign matter remaining on the route
60C during the high velocity movement of the substrate
stage PST. In the cleaning step, it is not necessarily
indispensable that the substrate stage PST is moved along
with all of the roufes 60A to 60C described above. It is
also allowable that the substrate stage PST is moved along
with only a part of the routes, if necessary.

[0087] The substrate stage PST may be moved so that the
liquid immersion area AR2 is relatively moved along with a
route in which the liquid immersion area AR2 is not moved
on the substrate stage PST during the ordinary exposure,

i.e., along with a route in which at least a part of the
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route is different from the movement route of the liquid
immersion area AR2 on the substrate stage PST during the
exposure. For example, the exfoliation of the resist
easily occurs at the edge portion of the substrate P as the
exposure objective, and the foreign matter easily adheres
to the substrate stage PST (substrate holder PH) in the
vicinity of the edge of the substrate P. In the case of
the scanning exposure for a shot area located in the
vicinity of the edge of the substrate P, the liquid
immersion area AR is moved while a part thereof protrudes
to the outside of the substrate P. Therefore, there is
also such a possibility that the foreign matter might be
deposited on the upper surface of the substrate stage PST
(plate portion 87). Therefore, in the cleaning step, the
movement route of the substrate stage PST during the
cleaning may be determined so that the liquid immersion
area ARZ2 is moved along with the edge of the dummy
substrate CP. Fig. 7(B) is such a movement route 60D. The
movement route 60D circles around at the outside of the
circumferential edge of the dummy substrate CP. Owing to
the movement route 60D as described above, the foreign
matter, adhering to the vicinity of the edge of the
substrate P on the substrate stage PST (substrate holder
PH), is effectively removed. In this case, the movement
routes 60A, 60B and/or the movement route 60C as shown in

Fig. 7(A) may be added, in addition to the movement route
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60D. By doing so, the movement route of the liquid
immersion area AR2 in the cleaning step completely includes
the movement route of the liquid immersion area AR2 in the
exposure step, and thus more effective cleaning can be
expected. The movement route of the substrate stage PST
may be determined so that the liquid immersion area AR2 is
formed in an area, of the surface of the substrate stage
PST (plate portion 97 of the substrate holder PH), which
does not make contact with the liquid 1 in the ordinary
operation. Accordingly, it i1s possible to clean off the
foreign mattexr adhered to various locations on the
substrate stage PST. In this case, the movement route of
the substrate stage PST may be determined so that the
liquid immersion area ARZ is relatively moved only in the
area which does not make contact with the liquid 1.
Alternatively, the movement route of the substrate stage
PST may be determined so that the liquid immersion area AR2
is relatively moved in a range or area (including the area
which does not make contact with the liguid 1) which is
greater than the movement range of the liquid immersion
area ARZ on the substrate stage PST in the ordinary
operation.

[0088] In the cleaning step as described above, as shown
in Fig. 6, the liguid 1 is sucked also by the sucking
device 50 on the side of the substrate holder PH. The

dummy substrate CP of this embodiment has the end portion
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CPc which is liquid-attractive. Therefore, in such a state
that the liquid immersion area AR2 passes across the
boundary portion between the dummy substrate CP and the
plate portion 97 of the substrate holder PH, the ligquid 1,
into which the foreign matter eﬁters and mixed therewith,
is allowed to infiow from the end portion CPc of the dummy
substrate CP into the recesses %7a, 97b. The inflowed
liquid 1 is sucked from the recovery port 51 into the
sucking device 50, and the ligquid 1 is discharged from the
substrate holder PH. Therefore, the minute foreign mattex
such as the particles, which entered intoc and mixed with
the liquid 1, is also discharged simultaneously with the
liquid 1. Furthex, in a case that the liquid-attractive
grooves CPn are formed at the upper surface portion CP of
the dummy substrate CP, a part of the particles or the
like, which entered into and mixed with the liguid 1 from
the plate portion 97, is captured by the grooves CPn. It
is also allowable that the sucking device 50 is omitted.
For example, in a case that the end portion CPc of the
dummy substrate CP is also made to be liquid-repellent, it
is also allowable that the sucking device 50 is not
provided, because it is possible to suppress the inflow of
the liquid 1 into the recess 97a.

[o089] Subsequently, the controller CONT performs the
cleaning of the measuring stage'MST (Step 83 shown in Fig.

15). ©Upon cleaning the measuring stage MST, the controller
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CONT allows the measuring table MTB of the measuring stage
MST to make tight contact with (or approach closely to) the
substrate holder PH on the substrate stage PST, as shown in
Fig. B(B). Subsequently, as shown in Fig. 9{A), the
controller CONT simultaneously moves the substrate stage
PST and the measuring table MTB (measuring stage MST) in
the +X direction with respect to the liquid immersion area
ARZ to move the ligquid immersion area AR2 from the
substrate stage PST to the measuring table MTB as shown in
Fig. 9(B). After that, for example, the measuring stage
MST is moved so that the ligquid immersion area AR2 is
relatively moved on the entire upper surface of the
measuring table MTB, thereby making it also possible to
clean off the foreign matter adhered onto the measuring
table MTB. In this embodiment, the movement roukte of the
measuring stage MST is determined so that the liquid
immersion area ARZ is relatively moved on the entire upper
surface of the measuring table MTB. However, the movement
route of the measuring stage MST may be determined so that
the liquid immersion area AR2 is relatively moved only on a
part of the upper surface of the measuring table MTB.
[0090G] The operation, advantage, and modified
embodiments of the exposure apparatus EX of the first
embodiment are summarized below. Al: The foreign matter,
which is adhered to the substrate holder PH on the

substrate stage PST, can be removed to execute the
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maintenance of the exposure apparatus for the liquid
immersion exposure by performing the cleaning step of this
embodiment as described above. Therefore, upon thereafter
exchanging the dummy substrate CP on the substrate holder
PH with the substrate P as the exposure objective to
perform the exposure by the liquid immersion method, the
amount of the foreign matter entered into and mixed with
the liquid 1 of the liquid immersion area ARZ is decreased,
and thus the defect of the pattern to be transferred is
reduced. This improves the yield of the semiconductor
device or the like to be produced.

j0091] A2: In the cleaning step, the liquid 1, which is
the same as that used during the exposure, is used as the
cleaning liquid supplied to form the liquid immersion area
AR2 in this embodiment. Therefore, it is advantageous that
any special new equipment is not required. Further, it is
unnecessary to clean the flow passage of the flow passage-—
forming member 30, etc.; and the exposure operation can be
started immediately after the cleaning operation. However,
it is also allowable to use, as the cleaning ligquid, for
example, an organic solvent such as thinner or a mixture
liguid obtained by mixing such an organic solvent and the
liguid 1 used during the exposure. By doing so, it is
possible to enhance the cleaning effect. 1In the latter
case, it is also allowable to supply the organic solvent

and the liquid 1 for the exposure to the liquid immersion
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area ARZ2 via different flow passages.

f0092] A3: The substrate stage PST (substrate holder PH)
of this embodiment has the holding portion PH1 for
attracting and holding the substrate P, and the dummy
substrate CP is attracted and held on the holding portion
PH1 in the cleaning step. Therefore, it is possible to
prevent the cleaning liquid from being erroneously sucked
by the vacuum system 40 of the holding portion PH1,
Further, the holding portion PHl1 (for example, the support
portion 46) is not wetted with the cleaning liquid as well,
Ad4: In a case that the upper surface portion CPa of the
dummy substrate CP is liquid-repellent and the plurality of
liguid-attractive grooves CPn are formed.at the upper
surface portion, the minute foreign matter such as
particles can be captured in the grooves CPn. Therefore,
the substrate holder PH can be cleaned more efficiently.
Therefore, the dummy substrate CP may be exchanged with any
other unused dummy substrate during the cleaning step.
[0093] In the cleaning step, for example, an unexposed
substrate, which is not coated with the resist or the like,
may be held on the holding portion PHl. The liquid
immersion area AR2 and the substrate stage PST may be
relatively moved with each other so that the liguid
immersion area AR2 is moved only on the dummy substrate CP
(substrate not coated with the resist) in the cleaning

step. By moving the liquid immersion area AR2 only on the
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clean dummy substrate CP, it is possible to clean the flow
passage—-forming member 30 (especially the lower surface
which makes contact with the liquid'l). In particular, in
a case that the substrate stage PST (substrate holder PH)
is not contaminated or dirtied and only the flow passage-
forming member 30 is contaminated, it is possible to
execute the cleaning of the flow passage~forming member 30
by moving the liguid immersion area AR2 on only the dummy
substrate CP, without contaminating or polluting the
substrate stage PST (substrate holder PH). In this case,
the cleaning objective is not limited to the flow passage-
forming member 30; and it is alsc allowable to clean any
other liquid contact member (for example, the optical
element 2) which makes contact with the liquid 1 of the

ligquid immersion area ARZ.

Second Embodiment

[0094] An exposure apparatus EX' according to a second
embodiment of the present invention will be explained with
reference to Figs. 10 to 13. In the following description,
the constitutive parts or components, which are the same as
or equivalent to those of the first embodiment, are
designated by the same reference numerals, and any
explanation therefor will be simplified or omitted. In the
exposure apparatus EX' of the second embodiment shown in

Fig. 10, a liquid supply mechanism 10' supplies the liguid
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1 onto the substrate P and onto the measuring stage MST in
the exposure step, and the liquid supply mechanism 10'
supplies a cleaning liquid 1A onto the substrate P and onto
the measuring stage MST in the cleaning step. The exposure
apparatus EX' of the second embodiment is provided with a
stage side liguid supply mechanism 118 {see Fig. 12) which
blows a cleaning liquid 1B against the liquid supply port
of the liquid supply mechanism 10' from the side of the
substrate stage PST.

[0095] The liquid supply mechanism 10' supplies the
certain liquid 1 or the cleaning liquid 1A ontc the
substrate P. The liquid supply mechanism 10" includes the
first liquid supply section 11 and the second liquid supply
section 12 which are capable of feeding the liquid 1; a
third liquid supply section 111 and a fourth liquid supply
section 121 which are capable of feeding a certain solvent
(for example, thinner, y-butyrolactone, etc.):; a first
supply tube 11A to which supply tubés from the first and
third liquid supply sections 11, 111 are combined; a second
supply tube 12A to which supply tubes from the second and
fourth liquid supply sections 12, 121 are combined; valves
11B, 11C which individually open/close the supply tubes
from the first and third liguid supply sections 11, 111;
and valves 12B, 12C which individually open/close the
supply tubes from the second and fourth liquid supply

sections 12, 121. Each of the first and second liquid
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supply sections 11, 12 and the third and fourth ligquid
supply sections 111, 121 is provided with a tank for
accommodating the liquid 1 or the solvent, a filter
section, a pressurizing pump, etc., and is controlled by
the controller CONT. The opening/closing operations of the
valves 11B, 11C, 12B and 12C are also controlled by the
controller CONT. A part or parts of the liquid supply
mechanism 10" may be substituted with, for example, the
equipment of the factory or the like in which the exposure
apparatus EX'Vis installed.

[0096] Upon exposing the substrate P in accordance with
the liquid immersion method in the exposure apparatus EX',
the valves 11B, 12B are opened, and the wvalves 11C, 12C are
closed so that the liquid 1 is supplied from the liquid
supply sections 11, 12 to the liguid immersion area AR2.

On the other hand, upon cleaning the substrate stage PST or
the measuring stage MST, etc. as described later on, the
‘opening/closing amounts of the wvalves 11B, 12B and the
valves 11C, 12C are controlled so that the cleaning liquid
1A (liquid for the cleaning), which is obtained by mixing
the liguid 1 and the certain solvent at a predetermined
ratio, is supplied to the liquid immersion area AR2. When
the liquid 1 is water, and the solvent is thinner, then a
mixture liquid of the liquid 1 and thinner can be used as

the cleaning liquid 1A. On the other hand, when the

solvent is y-butyrolactone, the solvent itself may be used
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as the cleaning liquid 1A. The mixing ratio of the liquid
1 and the solvent is set by the controlier CONT.
[0097] The liquid recovery mechanism 20 recovers the
ligquid 1 oxr the cleaning liquid 1A supplied onto the
substrate P (or the cleaning liquid 1B fed from the stage
side liquid supply mechanism 118 shown in Fig. 12 as
described later on).
[0098] The controller CONT is capable of independently
controlling the supply amounts of the liquids (liquid 1 or
the cleaning liquid 1A) per unit time with respect to the
substrate P, etc. to be supplied respectively by the first
and second liquid supply sections 11, 12 and the third and
fourth liquid supply sections 111, 121 in the same manner
as in the first embodiment. The liquid 1 or the cleaning
liguid 1A, which is fed from the liquid supply sections 11,
11 or the liguid supply sections 12, 121, is supplied onto
the substrate P from the supply ports 13, 14 (see Fig. 3}
provided on the lower surface of the flow passage-forming
member 30 (first member 31} toc be opposite to the substrate
P, via the supply tubes 1lA, 12A and the supply flow
passages 82A, 82B of the flow passage—forming member 30.
[0099] The liquid recovery operation of the liguid
recovery section 21 is controlled by the controller CONT.
The controller CONT is capable of controlling the recovery
amount of the liquid 1 or the cleaning liquid 1A _per unit

time to be recovered by the liquid recovery section 21.
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For example, the liguid 1 or the cleaning liquid 1A on the
substrate P, which is recovered from the recovery ports 23
provided on the lower surface of the flow passage-forming
member 30 (first member 31) to be opposite to the substrate
P, is recovered by the liquid recovery section 21 via the
recovexry tube 84 of the flow passage~forming member 30 and
the recovery tube 22. The flow passage-forming member 30
1s same as or equivalent to that used in the first
embodiment explained with reference to Fig. 3.

[0100] Fig. 11 is a sectional view taken along a line
IV-IV shown in Fig. 2 illustrating the flow passage-forming
member 30 used in this embodiment. As shown in Fig. 11,
ultrasonic vibrators 112, 122, each of which is constructed
of, for example, a plezoelectric ceramics (for example,
those based on barium titanate or lead titanate zirconate
(so-called PZT)) or a ferrite vibrator (magnetostrictive
vibrator), are provided at portions of the supply flow
passages 82A, B2B opposite to the supply ports 13, 14
respectively. If necessary, ultrasonic waves S2, S1, which
are, for example, at about 100 kHz to 1 MHz, are generated
by the ultrasonic vibrators 112, 122 toward the supply
ports 13, 14 under the control of the controller CONT shown
in Fig. 10 during the period in which the cleaning ligquid
1A is supplied to the liquid immersion area AR2 in the
cleaning step. Accordingly, it is possible to improve the

cleaning effect brought about when the cleaning is
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performed with the cleaning liquid 1A. In this embodiment,
the ultrasonic vibrators 112, 122 are provided at
intermediate positions of the flow passage~forming member
30, i.e., of the supply flow passages for the liguid 1.
However, there is no limitation to this. The ultrasonic
vibrators 112, 122 may be provided at other positions.
[0101] The substrate holder PH, which is same as or
equivalent to that of the first embodiment, is also used in
this embodiment. However, as the dummy substrate CP, a
liquid-attractive substrate, for example, a silicon
substrate, which has relatively high affinity for the
cleaning liquid 1A, is used. The liquid-repelling process
is performed to the upper surface portion CPa except for
the end portion (side surface and circumferential edge
portion of upper surface) CPc of the dummy substrate CP in
ordexr to repel the cleaning liquid Al. That is, the dummy
substrate CP, which is same as that of the first
embodiment, is alsco used in this embodiment.

[01021 Figs. 12 and 13 show a sucking mechanism and a
attracting mechanism for the substrate holder PH used in
the second embodiment. The sucking operation is performed
by the sucking device 50 via the recovery port 51 to
negatively pressurize the second space VP2. By doing so,
when the boundary portion between the dummy substrate CP
and the plate portion 97 passes across the liquid immersion

area ARZ, it is possible to discharge the cleaning liquid
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14, inflowing into the second space VP2 via the gap A and
the gap G, to the outside of the substrate holder PH from
the bottom surface side of the dummy substrate CP. In this
procedure, the back surface CPb of the dummy subsprate cp
makes tight contact with the upper surface 42A of the
circumferential wall portion 42 shown in Fig. 13 by the
vacuum system 40 shown in Fig. 12. Therefore, the cleaning
ligquid 1A does not inflow into the first space VPl on the
back surface of the dummy substrate CP from the second
space VP2, and thus any erroneous operation of the vacuum
system 40 etc. can be avoided. The liquid-repelling
process is performed to at least a part of the substrate
holder PH. The substrate holder PH has the liquid
repellence with respect to the liquid 1 and the cleaning
liquid 1A.

[0103] With reference to Fig. 13, a nozzle portion 113,
which is provided to jet (supply) the cleaning liguid 1B,
is embedded in an upper portion of the plate portion 97 in
the base member PHB of the substrate holder PH. The nozzle
portion 113 is connected to a fifth liquid supply section

116 which supplies the solvent (for example, thinner having
a predetermined concentration or y-butyrolactone) that is

same as or equivalent to that of the third ligquid supply
section 11l shown in Fig. 10, via a flexible piping 114
connected to the substrate holder PH. A wvalve 115 is

provided on the piping 114. Further, an ultrasonic
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vibrator 117, which is same as or equivalent to the
ultrasonic vibrator 112 shown in Fig. 12, is fixed to a
portion opposite to or facing the jetting port in the
nozzle portion 113. The ultrasonic wvibrator 117 is capable
of generating an ultrasonic wave S3 at about 100 kHz to 1
MHz toward the jetting port of the nozzle portion 113. The
operations of the fifth liquid supply section 116, the
ultrasonic vibrator 117, and the wvalve 115 are also
controlled by the controller CONT shown in Fig. 10. The
stage side liquid supply mechanism 11B is constructed by
the nozzle portion 113, the piping 114, the valve 115, the
ultrasonic vibrator 117, and the fifth liquid supply
section 116.

[0104] In the second embodiment, the solvent from the
fifth ligquid supply section 116 is blown in the cleaning
step as the cleaning liquid 1B from the nozzle portion 113
against the iiquid supply ports 13, 14 of the liquid supply
mechanism 10 shown in Fig. 3. Accordingly, it is possible
to clean off the foreign matter adhered to the supply ports
13, 14. In this procedure, the supplied cleaning liquid 1B
can be recovered to the liquid recovery mechanism 20 shown
in Fig. 10 from the recovery ports 23A to 23D. By
operating the ultrasonic vibrator 117 during the cleaning,
the supply ports 13, 14 can be ultrasonically cleaned,
thereby making it possible to enhance the cleaning effect.

It is alsc allowable to clean not only the supply ports but
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also other portions of the flow passage-forming member 30

(for example, recovery ports) or the optical element 2.

Exposure Step
[0105] An explanation will be made below with reference
to a flow chart shown in Fig. 16 about the exposure method
using the exposure apparatus EX' accoxding to the second
embodiment. The exposure apparatus EX' according to the
second embodiment is also provided with a measuring stage
same as the measuring stage shown in Figs. 8 and 9.
However, for the explanation of the measuring stage, see
the explanation in the first embodiment. At first, the
liquid immersion exposure is performed for the substrate P
in the same manner as in the first embodiment by using the

exposure apparatus EX' {(Step SS1 shown in Fig. 16).

First Cleaning Step
[0106] The exposure apparatus EX' executes the cleaning
step for the substrate stage PST (substrate holder PH) and
the measuring stage MST as follows during the period in
which the substrate P is not exposed, for example, after
the exposure is completed for the substrate of a certain
lot and until the exposure is started for the substrate of
the next lot. In the cleaning step, at first, the dummy
substrate CP is suction-attracted and held on the substrate

holder PH. As shown in Fig. 11, the cleaning liquid 1A is
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supplied onto the dummy substrate CP from the liquid supply
sections 11, 111, 12, 121 of the liquid supply mechanism
10' shown in Fig. 10 to form the liquid immersion area AR2
on the dummy substrate CP in a state that the radiation of
the exposure light EL is stopped. The substrate stage PST
and the measuring stage MST are moved along the
predetermined route with respect to the liquid immersion
area AR2Z2 (flow passége—forming member 30) to clean the
upper surface of the substrate holder PH on the substrate
stage PST and the upper surface of the measuring table MTB
of the measuring stage MST (Steps $82, SS3 shown in Fig.
16). 1In this procedure, as an example, the cleaning liguid
1A of the liquid immersion area AR2 is recovered by the
liquid recovery mechanism 20 {(liquid recovery section 21)
by an amount approximately same as the supply amount pex
unit time of the cleaning liquid 1A supplied by the liguid
supply sections 11, 111, 12, 121. By doing so, any foreign
matter, remaining on the substrate holder PH and the
measuring table, is allowed to enter into and mix with the
cleaning liquid 1A, and is recovered by the ligquid recovery
section 21, while maintaining the size of the liquid
immersion area AR2 to be in the desired state. In this
procedure, when it is desired to enhance the cleaning
effect, the ultrasonic wave may be outputted into the
cleaning liquid 1A by driving the ultrasonic vibrators 112,

122 shown in Fig. 11.
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[0107] As another method to enhance the cleaning effect,
it is also allowable that, when the substrate holder PH is
cleaned by using the cleaning liquid 1A, the Z stage
portion of the substrate stage PST shown in Fig. 10 is
driven to vibrate the substrate holder PH in the Z
direction at a minute amplitude. With this, the effect to
exfoliate or remove the foreign matter from the upper
portion of the substrate holder PH is improved in some
cases. As still another method to enhance the cleaning
effect, it is also allowable that, with reference to Fig.
11, the exposure light EL is radiated when the cleaning is
performed by using the cleaning liquid 1A. The exposure
light EL of this embodiment is the ultraviolet pulsed light
beam. Therefore, the exposure light EL has the optical
cleaning function to decompose organic matters, etc.
Accordingly, when the optical cleaning function is added by
the exposure light EL, the cleaning efficiency is improved
in some cases. In the cleaning of the measuring stage MST
also, the measuring table MTB may be vibrated in the Z
direction, and the optical cleaning by the exposure light

EL may be used in combination.

Second Cleaning Step
101083} Next, an explanation will be made about the
method for cleaning the liquid supply ports 13, 14 (supply

nozzles) shown in Fig. 3. 1In order to clean the supply
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ports 13, 14 (supply nozzles), the nozzle portion 113 of
the stage side liquid supply mechanism 118 provided for the
substrate holder PH is moved by moving the substrate stage
to the position under or below the liguid supply port 13 of
the flow passage-forming member 30 as shown in Fig. 13 in a
state that the supply operation for supplying the liquid 1
or the cleaning liquid 1A by the liquid supply mechanism 10
is stopped; and the cleaning liquid 1B is blown from the
nozzle portion 113 against the side of the flow passage-
forming member 30 as shown by a two-dot chain line.
Subsequently, the cleaning liquid 1B is blown upwardly from
the nozzle portion 113, while moving the nozzle portion 113
by moving the substrate stage to the position under or
below the supply port 14; and the cleaning liquid 1B is
recovered by the liquid recovery mechanism 20 shown in Fig.
10. Accordingly, it is possible to remove the foreign
matter adhered to the wvicinity of the supply ports 13, 14
and the recovery ports 23A to 23D (Step SS2 shown in Fig.
16}. 1In this procedure, by operating the ultrasonic
vibrator 117 shown in Fig. 13 to use the ultrasonic
cleaning in combination, it is possible to enhance the
cleaning effect.

[0109] The operation and the advantage of the exposure
apparatus EX' of the second embodiment are summarized
below. Bl: The foreign matter, which adheres to the bottom

surface of the flow passage~forming member 30 including,
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for example, the supply ports 13, 14 and the substrate
holder PH on the substrate stage PST, can be dissolved in
the solvent and removed with ease by performing the
cleaning step using the cleaning liquid 1A or 1B described
above. Therefore, upon thereafter exchanging the dummy
substrate CP on the substrate holder PH with the substrate
P as the exposure objective to perform the exposure by the
liguid immersion method, the amount of the foreign matter
entered into and mixed with the liquid 1 of the liguid
immersion area ARZ is decreased, and thus the defect in the
pattern transferred is reduced. Therefore, the yield of
the semiconductor device or the like to be produced is
improved.
[0110] B2: In the second embodiment, the substrate stage
PST (substrate holder PH) has the holding portion PH1l for
suction-attracting and holding the substrate P. In the
cleaning step, the dummy substrate CP is suction-attracted
and held on the holding portion PH1. Therefore, it is
_ possible to prevent the cleaning liquid 1A from being
erronecusly sucked by the vacuum system 40 of the holding
portion PHl1l. Further, the holding portion PH1 is not
wetted with the cleaning liquid 1A as well.

B3: The portion of the dummy substrate CP except for
the edge portion (end portion CPc) of the upper surface is
liquid~repellent. 1In the cleaning step, the cleaning

liguid 1A which travels along the edge portion to flow to
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the back surface side of the dummy substrate CP, is
recovered from the side of the substrate holder PH.
Therefore, the entire surface of the substrate holder PH
can be cleaned more efficiently.

JO111] In the cleaning step, an unexposed substrate
etc., which is not coated with, for example, the resist,
may be held on the holding poxrtion PH1l in the same manner
as in the first embodiment. 1In the cleaning step, the
liguid immersion area ARZ and the substrate stage PST may
be moved relative to each other so that the liquid
immersion area ARZ 1is moved only on the dummy substrate CP
(substrate not coated with the resist). By moving the
ligquid immersion area AR2 only on the clean dummy substrate
CP, it is possible to clean the flow passage-forming member
30 (especially the lower surface making contact with the
liguid 1). 1In particular, when the substrate stage PST
{substrate holder PH) is not contaminated or dirtied, and
only the flow passage-forming member 30 is contaminated,
then it is possible to execute the cleaning of the flow
passage-forming member 30 by moving the liquid immersion
area AR2Z only on the dummy substrate CP, without
contaminating the substrate stage PST (substrate holder
PH). 1In this case, the cleaning objective is not limited
to the flow passage-forming member 30. It is also
allowable to clean any other liquid contact member (for

example, the optical element 2) which makes contact with
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the liquid 1 of the liquid immersion area AR2.

B4: In the cleaning step, by performing also an
optical cleaning in which the exposure light EL is radiated
onto the side of the substrate stage PST or the measuring
stage MST directly or via the projection optical system PL,
it is possible to enhance the cleaning effect. The optical
cleaning can be also used in the first embodiment. _
[0212] B5: In the first cleaning step, by wvibrating the
upper surface of the substrate stage PST (and/or the
measuring stage MST) in the optical axis direction of the
projection optical system PL, it is possible to enhance the
cleaning effect.

B6: In the cleaning step also, by adding the
ultrasonic cleaning in which the cleaning liguid 1A or 1B
is wibrated by the ulirasonic wave, it is also possible to
enhance the cleaning effect. With reference to Fig. 11,
the ultrasonic cleaning may be performed by the ultrasonic
vibrators 112, 122 in a state that the liquid 1 same as
that used during the exposure is supplied to the liquid
immersion area ARZ2. Similarly, with reference to Fig. 13,
the ultrasonic cleaning may be performed by the ultrasonic
vibrator 117 in a state that the liquid 1 same as that used
during the exposure is used as the cleaning liquid 1B. In
these cases, no solvent is mixed in the cleaning liquid.
However, the high cleaning effect is obtained by the

ultrasonic cleaning.
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[0113] B7 (A5): Further, in the cleaning step of the
first and second embodiments, the upper surface of the
measuring table MTB is also cleaned by moving the measuring
stage MST with respect to the liquid immersion area AR2 as
well., Therefore, it is possible to reduce the
entering/mixing amount of the foreign matter into the
liquid 1 of the liquid immersion area AR2, for example,
during the measurement of the image formation
characteristic of the projection optical system PL and the
measurement of the baseline amount. By moving the liguid
immersion area AR2 onto the substrate stage PST after the
measuring operation performed with the measuring stage MST
s0 as to expose the substrate P, it is also possible to
reduce the foreign matter contained in the liquid 1 of the
liquid immersion area AR2 formed on the substrate P.
[0114] B8: In the cleaning step described above, the
cleaning liquid, which is supplied from the liquid supply
mechanism 10 (liguid supply sections 11, 111, 12, 121), is
recovered by the liquid recovery mechanism 20 (ligquid
recovery section 21) and the sucking device 50. Therefore,
the foreign matter, which is removed together with the
cleaning liquid 1A or 1B from on the substrate stage PST
and the measuring stage MST, can be prevented from
remaining on any other place.

[0115] In the second embodiment, the cleaning liquid is

supplied to the liquid immersion area ARZ by the third and
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fourth liquid supply sections 111, 121, and the cleaning
liquid is also supplied from the fifth liquid supply
section 116. However, only the liquid 1 used for the
ligquid immersion exposure may be supplied to the liquid
immersion area AR2, and the cleaning liquid may be supplied
from only the fifth liquid supply section 116, without
supplying the solvent by the third and the fourth liquid
supply sections 111, 121. Alternatively, in the second
embodiment, it is also allowable that the cleaning liguid
is not supplied from the fifth liquid supply section 116.
In the case of the former, the cleaning liquid (solvent) is
not allowed to pass through the flow passage for the liquid
1 to be sup?lied te the liquid immersion area ARZ2.
Therefore, it is unnecessaxy to clean the flow passage, and
the exposure operation can be started immediately after the
cleaning operation. In the second embodiment, the
substrate stage PST is provided with the liquid supply
mechanism 118. However, the liquid supply mechanism 118
may be provided on any other movable member (movable
object) different from the substrate stage PST, for
example, on the measuring stage MST. Further, a part or
parts (for example, the fifth liquid supply section 116) of
the liquid supply mechanism 118 may be substituted with any
other liquid supply mechanism (for example, 111). The
members {112, 121, 117) for vibrating the cleaning liquids

1A, 1B (or the liquid 1) are not limited to the ultrasonic
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vibrators; and it is also allowable to use any other
mémber.

[0116] The cleaning steps of the first and second
embodiments may be executed in the period in which the
exposure step using the exposure apparatus EX, EX' shown in
Fig. 1 is completed, for example, in the night. In this
case, the following assumption is affirmed. That is, a
solid curved line J1 shown in Fig. 14{(A) indicates an
example of the change of a movement velocity VPX in the X
direction (scanning direction) of the substrate stage PST
shown in Fig. 1 during the exposure step (during the
scanning exposure) performed just before the cleaning step.
A solid curved line J3 shown in Fig. 14 (B) indicates an
example of the change of a movement velocity VPY (movement
velocity during the stepping movement) in the Y direction
(non-scanning direction) of the substrate stage PST
corresponding to the movement velocity VPX. Figs. 14(A)
and 14 (B) exemplarily show the change of the movement
velocity brought about when the image of the pattern of the
mask M is successively subjected to the exposure while
inverting the scanning direction for the plurality of shot
areas arranged in the Y direction on the substrate P. 1In
relation to the curved lines Jl and J2, the maximum values
of the movement velocities VPX, VPY in the exposure step
are approximately VPX1l and VPYL1.

[0117] On the other hand, in the cleaning step executed,
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for example, in the night as described above, the dummy
substrate CP shown in ¥ig. 5 is loaded on the substrate
stage PST shown in Fig. 1 or 10, and the liquid 1 is
supplied from the liquid supply mechanism 10 onto the dummy
substrate CP and/or the plate portion 97 to form the liquid
immersion area ARZ. The substrate stage PST is moved in
the X direction and the Y direction at a velocity higher
than that adopted during the exposure performed just before
the cleaning step, with respect to the liquid immersion
area AR2 as indicated by the dotted curved line J2 shown in
Fig. 14 {A} and a dotted curved line J4 shown in Fig. 14 (B).
The maximum values of the movement velocities VPX, VPY in
the cleaning step are approximately VPX2 and VPY2 (see the
curved lines J2, J4). The velocities are approximately
twice the maximum values VPX1 and VPY1l brought about during
the exposure. In this procedure, in order to maintain the
synchronization accuracy between the mask stage RST and the
substrate stage PST and drive the mask stage RST and the
substrate stage PST stably at the predetermined velocities
in the exposure step, the maximum value VPX1 of the
movement velocity in the scanning direction of the
substrate stage PST is set within a predetermined range.
However, in the cleaning step, it is enough that only the
substrate stage PST is driven in the state that the mask
stage RST is allowed to stand still. Further, no problem

arises even when the movement velocity in the scanning
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direction of the substrate stage PST is varied as indicated
by the curved line J2. Therefore, the maximum values VPX2
and VPY2 of the movement velocities of the substrate stage
PST during the cleaning can be easily ralsed to those
approximate to the limits of the specification of the
exposure apparatus. By driving the substrate stage PST in
the cleaning step at a higher velocity than in the exposure
step, it is possible in some cases to more reliably remove
the foreign matter adhered to at least a part or parts of
the portion (liquid contact portion) making contact with
the liquid 1 including, for example, the upper surface of
the substrate stage PST, the bottom surface of the flow
passage-forming member 30, the liquid supply port, and the
liquid recovery port. In this procedufe, as an example, by
operating the liquid recovery mechanism 20 shown in Fig. 1,
the foreign matter can be recovered to the liquid recovery
section 21 in a state that the foreign matter is made to
enter into and mix with the liquid.

[0118] In the cleaning step, the substrate stage PST may
be driven in the X direction and/or the Y direction at the
acceleration greater than that brought about during the
exposure, instead of the driving of the substrate stage PST
at the velocity higher than that brought about during the
exposure as described above, or in combination of the
operation of the movement at the higher wvelocity. By doing

so, it is also possible to more reliably remove the foreign
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matter adhered to the liquid contact portion in some cases.
Further, in the cleaning step, the substrate stage PST may
be irregularly moved in the X direction and the Y direction
with respect to the liguid immersion area AR2. Upon
cleaning the measuring stage MST also, the measuring stage
MST may be driven such that the wvelocity and/or the
acceleration is/are increased as compared with those
brought about during the exposure in the same manner as
described above.

[0119] In the cleaning step, the dummy substrate CP
shown in Fig. 5 may be loaded on the substrate stage PST
shown in Fig. 1 (and Fig. 11), and the ligquid immersion
area AR?2 may be formed on the dummy substrate CP by
supplying the liquid 1 from the liquid supply mechanism 10;
and the substrate stage PST may be driven in the 2
direction as shown by an arrow HZ shown in Fig. 4, and the
dummy substrate CP (substrate holder PH) may be vibrated in

the 2 direction with respect to the liguid immersion area
AR2. In this case, a movement stroke AZ2 in the %
direction of the substrate stage PST in the cleaning step
may be widened to be, for example, several times a movement
stroke AZ1l in the Z direction of the substrate stage PST
(substrate P) for the autofocus during the exposure
performed just before the cleaning step. With this, it is
also possible in some cases to more reliably remove the

foreign matter adhered to the ligquid contact portion. In
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the cleaning step, the movement velocity and/or the
acceleration in the Z direction of the substrate stage PST
may be increased to be greater than those brought about

during the exposure instead of the widening of the movement
stroke AZ2 as described above or in combination of the

operation to widen the movement stroke. With this, it is
also possible in some cases to more reliably remove the
foreign matter adhered to the liquid contact portion.
Further, a leveling operation, in which the angle of
inclination of the substrate holder PH about the X axis
and/or the Y axis is changed at a velocity higher than that
brought about during the exposure, may be executed together
with the operation to vibrate the substrate holder PH in
the-Z direction via the substrate stage PST or
independently from the operation. Alternatively, the
measuring stage MST may be arranged to be opposite to the
optical element 2 instead of the substrate stage PST, and
the measuring table MTB may be moved in the Z direction.
[0120] In order to switch and execute the operations as
described above with ease, the control program of the
controller CONT shown in Figs. 1 and 11 may be previously
provided with a first mode in which the ordinary exposure
operation is performed, a second mode in which in the
above-described cleaning step the substrate stage PST is
driven in the X direction and the Y direction (directions

perpendicular to the optical axis of the exposure light EL)
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so that the velocity and/or the acceleration is/are
increased as comparéd with those brought about in the first
mode, and a third mode in which in the above~described
cleaning step the substrate stage PST is driven in the Z
direction (direction parallel to the optical axis of the
exposure light EL) so that the movement stroke and/or the
velocity is/are increased as compared with those brought
about in the first mode. By d;iving the exposure apparatus
EX, EX' in the second mode or the third mode in the
cleaning step described above, it is possible in some cases
to more reliably remove the foreign matter adhered to the
liquid contact portion.

[0121] As shown in Fig. 92(A), it is also allowable that
the substrate stage PST and the measuring table MTB are
vibrated in antiphase in the Y direction in a state that
the measuring table MTB of the measuring stage MST and the
substrate stage PST are allowed to make contact with each
other substantially in the X direction to form the liquid
immersion area ARZ so that the boundary portion between the
measuring table MTB and the substrate stage PST are
included in the liguid immersion area AR2. That is, it is
also allowable to alternately repeat an operation in which
the substrate stage PST is moved in the -Y direction and
the measuring table MTB is moved in the +Y direction as
indicated by solid line arrows HP1l, HM1 and an operation in

which the substrate stage PST is moved in the +Y direction
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and the measuring table MTB is moved in the -Y direction as
indicated by dotted line arrows HP2, HM2. With this, it is
also possible to remove in some cases the foreign matter
adhered to the liquid contact portion (including the upper
surface of the measuring table MTB in this case) more
reliably.

[0122] The cleaning step of each of the embodiments
described above may be executed in oxrder to perform the
maintenance of the liquid supply mechanism 10 (10') and the
ligquid recovery mechanism 20 of the exposure apparatus EX,
EX' shown in Figs. 1 and 11. The maintenance may be
performed, for example, periodically. Other than this, the
liguid recovery section 21 shown in Figs. 1 and 11 may be
previously provided with a particle counter {(not shown)
which counts the number of particles (foreign matters) in
the liguid recovered from the ligquid immersion area AR2;
and the maintenance may be performed when the counted
values (amount of foreign matters) of the particle counter
per unit flow rate of the recovered liquid exceeds a
predetermined allowable level.

[{0123] In the cleaning step for the maintenance, the
liquid 1 is supplied to form the liquid immersion area AR2
on the substrate stage PST (for example, covered with the
dummy substrate CP) or the measuring stage MST via the flow
passage-forming member 30 from the liquid supply mechanism

10 (10') shown in Figs. 1 and 11 in the same manner as in
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the cleaning step of each of the embodiments described
above. The substrate stage PST or the measuring stage MST
is vibrated or moved in this state in the X direction, the
Y direction, and/or the Z direction. If necessary, the
liquid 1 in the liquid immersion area ARZ2 is recovered by
the liquid recovery mechanism 20 via the flow passage-
forming member 30. By doing so, the foreign matter,
adhering to at least a part of the liquid contact portion,
is removed. Therefore, the foreign matter is decreased in
the liquid immersion area ARZ in the exposure step to be
performed thereafter, and it is possible to perform the
exposure highly accurately.

[0124] Also in the cleaning step for the maintenance, as
shown in Figs. 4, 14(A), and 14(B), it is also allowable to
increase at least one of the movement stroke, the velocity,
and the acceleration of the substrate stage PST to be
greater than those brought about during the exposure step
performed just before the cleaning step feor maintenance.
This also holds equivalently in the case of the measuring
stage MST. Further, as shown in Fig. 8(A), the substrate
stage PST and the measuring table MTB may be vibrated in
antiphase in a state that the substrate stage PST and the
measuring table MTB are allowed to substantially make
contact with each other to form the liguid immersion area
AR2 so that the boundary portion therebetween is included

in the liquid immersion area ARZ.
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[0125] In the embodiments described above, the cleaning
of the measuring stage MST is executed after executing the
cleaning of the substrate stage PST. However, the cleaning
of the meésuring stage MST may be executed during the
period in which the dummy substrate CP is placed on the
substrate stage PST, and then the cleaning of the substrate
stage PST may be executed.

[{0126] It is also allowable that the cleaning of the
substrate stage PST and the cleaning of the measuring stage
MST are not performed sequentially or one by one. The
cleaning of the substrate stage PST and the cleaning of the
measuring stage MST may be executed, for example, in the
state that the substrate stage PST and the measuring stage
MST are allowed to make tight contact with each other
(21lowed to approach closely to each cther) as shown in
Fig. 8. In the respective embodiments described above,
both of the substrate stage PST and the measuring stage MST
are cleaned in one time of the cleaning step. However, it
is also allowable that only any one of the stages is
cleaned in one time of the cleaning step.

[0127] in the respective embodiments described above,
the substrate stage PST (and/or the measuring stage MST) is
moved to move the substrate stage PST (and/or the measuring
stage MST) relative to the liquid immersion area ARZ2.
However, it is allowable that the flow passage~forming

member 30 is made movable, and the liguid immersion area
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AR2 is moved on the substrate stage PST (and/or the
measuring stage MST) which is allowed to stand still. In
the respective embodiments described above, the
interferometer system (56A to 56C) is used to measure the
respective pieces of position information about the mask
stage RST, the substrate stage PST, and the measuring stage
MST. However, there is no limitation to this. For
example, it is also allowable to use an encoder system for
detecting a scale (diffraction grating) provided on each of
the stages. In this case, it is preferable that a hybrid
system including both of the interferometer system and the
encoder system is provided, and the measurement result of
the encoder system is calibrated (subjected to the
calibration) by using the measurement result of the
interferometer system. The position control of the
substrate stage may be performed by switchingly using the
interferometer system and the encoder system or using both
of the interferometer system and the encoder system.

[0128] In the respective embodiments described above,
the substrate holder PH and the substrate stage PST may be
formed as an integrated body. Alternatively, the substrate
holder PH and the substrate stage PST may be constructed
separately, and the substrate holder PH may be fixed to the
substrate stage PST, for example, by the vacuum attraction.
The present invention is also applicable to an exposure

apparatus in which various measuring devices (measuxring
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members) are provided on the substrate stage PST (exposure
apparatus not provided with the measuring stage MST). Only
a part or parts of various measuring devices may be
provided on the measuring stage MST or the substrate stage
PST, and the remaining part of the measuriﬁg devices may be
provided at the outside or on any distinct member.

[0129] In the cleaning step of each of the embodiments
described above, the cleaning liquid, which is supplied
from the liguid supply mechanism 10, 10" (liguid supply
section 11, 12), is recovered by the liguid recovery
mechanism 20 (liquid recovery section 21) and the sucking
device 50. Therefore, the foreign matter, which is removed
together with the liquid 1 from the surfaces of the
substrate stage PST and the measuring stage MST, can be
prevented from remaining on any other place.

[0130] In the respective embodiments described above,
water (pure or purified water) is used as the ligquid 1 to
be used for the liquid immersion method. However, it is
also allowable to use any liquid other than water. For
example, when the light source of the exposure light EL is
the F» laser (wavelength: 157 nm), the liquid 1 may be, for
example, fluorine-based fluids such as fluorine-based oil
and perfluorcpolyether (PFPE). Alternatively, other than
the above, it is also possible to use, as the liquid 1,
those (for example, cedar oil) which have the transmittance

with respect to the exposure light EL, which have the
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refractive index as high as possible, and which are stable
against the resist coated on the surface of the substrate P
and the projection optical system PL. Those having
refractive indexes higher than those of silica glass and
calcium fluoride (refractive index of about 1.6 to 1.8) may
be used as the liquid 1. Further, the optical element 2
may be formed of a material having a refractive index (for
example, not less than 1.6) higher than those of silica
glass and calcium fluoride.

[0131] As shown in Fig. 17, the microdevice such as a
semiconductor device is produced by performing a step 201
of designing the function and the performance of the
microdevice; a step 202 of manufacturing a mask (reticle)
based on the designing step:; a step 203 of producing a
substrate as a base material for the device; a substrate-
processing step 204 including, for example, a step of
exposing the substrate with the pattern of the mask by the
exposure apparatus EX, EX' of the embodiment described
above, a step of developing the exposed substrate, and a
step of heating (curing) and etching the developed
substrate; a step 205 of assembling the device (including
processing processes such as a dicing step, a bonding step,
and a packaging step); an inspection step 206; and the
like.

[0132] As for the type of the exposure apparatus EX,

EX', the present invention is not limited to the exposure
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apparatus, for the semiconductor device production, which
exposes the substrate P with the semiconductor device
pattern. The present invention is also widely applicable,
for example, to an exposure apparatus for producing a
liquid crystal display device or for producing a display as
well as an exposure apparatus for producing, for example, a
thin film magnetic head, a micromachine, MEMS, a DNA chip,
an image pickup device (CCD}, a reticle, or a mask.

[0133] The substrate P, which is usable in the
respective embodiments described above, is not limited only
to the semiconductor wafer for producing the semiconductor
device. Those applicable include, for example, a glass
substrate for the display device, a ceramic wafer for the
thin film magnetic head, a master plate (synthetic silica
glass, silicon wafer) for the mask or the reticle to be
used for the exposure apparatus, a film member, etc.
Further, the shape of the substrate P is not limited only
to the circular shape, and may be any other shape
including, for exgample, rectangular shapes. In the
respective embodiments described above, the mask, on which
the transferring pattern is formed, is used. However,
instead of such a mask, it is also allowable to use an
electronic mask for forming a transmissive pattern or a
reflective pattern based on the electronic data of the
pattern to be subjected to the exposure as disclosed, for

example, in United States Patent No. 6,778,257. The
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electronic mask is also referred to as "variable shaped
mask" ("active mask", or "image generator"), and includes,
for example, DMD (Digital Micro-mirror Device) as a kind of
the no light-emitting image display device (spatial light
modulator). DMD has a plurality of reflecting elements
(micro-mirrors) which are driven based on a predetermined
electronic data; and the plurality of reflecting elementé
are arranged in a two-dimensicnal matrix form on a surface
of DMA, and are driven individually (element by element) to
reflect and deflect the exposure light. Angles of the
reflecting surfaces of the respective reflecting elements
are adjusted. The operation of DMD may be controlled by
the controller CONT. The controller CONT drives the
reflecting elements of DMD based on the electronic data
(pattern information) corresponding to a pattern to be
formed on the substrate P, and makes the exposure light
radiated by the illumination system IL to be patterned by
the reflecting elements. The usage of DMD makes it
unnecessary to perform the exchange operation for the mask
and the alignment operation for the mask on the mask stage
upon exchanging the pattern, as compared with a case that
the exposure is performed by using the mask (reticle)
formed with the pattern. Therefore, it is possible to
perform the exposure operation more efficiently. In the
case of the exposure apparatus using the electronic mask,

it is enough only that the substrate is moved in the X axis
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direction and the Y axis direction by the substrate stage,
without providing the mask stage. The exposure apparatus
using DMD is disclosed, for example, in Japanese Patent
Application Laid-open Nos. 8-313842 and 2004-304135 in
addition to United States Patent described above. The
disclosure of United States Patent No. 6,778,257 is
incorporated herein gy reference within a range of
permission of the domestic laws and ordinances of the
designated state or the selected state.

[0134}] As for the exposure apparatus EX, EX', the
present invention is also applicable to a scanning type
exposure apparatus (scanning stepper) based on the step-
and-scan system for performing the scanning exposure with a
pattern of the mask M by synchronously moving the mask M
and the substrate P as well as a projection exposure
apparatus (stepper) based on the step-and-repeat system for
performing the full field exposure with a pattern of the
mask M in a state that the mask M and the substrate P are
allowed to stand still, while successively step-moving the
substrate P. It is not necessarily indispensable that the
exposure apparatus of the present invention and the
exposure apparatus to which the exposure method and the
maintenance method of the present invention are applied are
provided with the projection optical system. It is enough
that the exposure apparatus is provided with any optical

member for guiding the exposure light from the light source
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to the substrate within a range in which the present
invention can be carried out. It is also allowable that
the illumination optical system and/or the light source
is/are provided separately from the exposure apparatus. It
is also possible to omit the mask stage and/or the
substrate stage depending on the exposure system and the
embodiment or aspect of the present invention as described
above. The present invention is also applicable to an
exposure apparatus of the multi-stage type provided with a
plurality of substrate stages as disclosed, for example, in
Japanese Patent Application Laid-open No. 10-163099,
Japanese Patent Application Laid-open No. 10-214783
(corresponding to United States Patent Nos. 6,341,007,
6,400,441, 6,549,269, and 6,590,634), Published Japanese
Translation of PCT International Publication for Patent
Application No. 2000-505958 (corresponding to United States
Patent No. 5,969,441), and United States Patent No.
6,208,407. In this case, the cleaning is carried out each
of for the plurality of substrate stages. The contents of
the above-identified United States Patents are incorporated
herein by reference within a range of permission of the
domestic laws and ordinances of the designated state or the
selected state in relation to ﬁhe exposure apparatus of the
multi~-stage type.

[0135} In the case of the projection optical system of

each of the embodiments described above, the optical path
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space, which is on the image plane side of the optical
element arranged at the end portion, is filled with the
liguid. However, it is also possible to adopt a projection
optical system in which the optical path space on the mask
side of the optical element arranged at the end portion is
also filled with the liquid, as disclosed, for example, in
International Publication No. 2004/019128. Furthex, the
present invention is also applicable to an egposure
apparatus of the liquid immersion type in which the liquid
immersion area between the projection optical system and
the substrate is held or retained by an air curtain
arranged around the liguid immersion area. The present
invention is also applicable to an exposure apparatus in
which a line-and-space pattern is formed on the substrate P
by forming interference fringes on the substrate P as
disclosed, for example, in International Publication No.
2001/035168. Also in this case, the exposure light is
radiated onto the substrate P through the liquid between
the optical member and the substrate P.

[0136] In the respective embodiments described above, it
is not necessarily indispensable that the liquid supply
section and/or the liquid recovery section is/are provided
on the exposure apparatus. For example, any equipment of
the factory or the like in which the exposure apparatus is
installed may be substitutively used. The structure

required for the liguid immersion exposure is not limited
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to the structure as described above; and it i1s possible to
use those described, for example, in European Patent
Publication No. 1420298, International Publication Nos.
2004/055803 and 2004/057590, International Publication No.
2005/028559% (corresponding to United States Patent
Publication No. 2006/0231206), International Publication
No. 2004/086468 (corresponding to United States Patent
Publication No. 2005/0280791), and Japanese Patent
Application Laid-open No. 2004-285126 (corresponding to
United States Patent No. 6,952,253). The contents of, for
example, the above-identified United States Patents and
United States Patent Publications are incorporated herein
by reference within a range of permission of the domestic
laws and ordinances of the designated state or the selected
state in relation to the liguid immersion mechanism of the
liquid immersion exposure apparatus and any apparatus
eguipped thereto.

{0137] In the respective embodiments described above, it
is also allowable to use, as the liguid 1 to be used for
the 1liguid immersion method, any liquid having a refractive
index with respect to the exposure light higher than that
of water, for example, those having the refractive index of
about 1.6 to 1.8. The liquid 1, which has the refractive
index (for example, not less than 1.5) higher than that of
pure or purified water, includes, for example,

predetermined ligquids having the C-H bond oxr the O-H bond
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such as isopropanol having a refractive index of about 1.50
and glycerol (glycerin) having a refractive index of about
1.61; predetermined liquids (organic solvents) such as
hexane, heptane, and decane; decalin (decahydronaphthalene)
having a refractive index of about 1.60; and the like. As
for the liquid 1, it is also allowable to use those
obtained by mixing arbitrary two or more liquids of the
foregoing liquids, and it is also allowable to use those
obtained by adding (mixing) at least one of the foregoing
liquids to (with) pure watexr. Further, as for the liquid
l, it is also allowable to use those obtained by adding
(mixing) base or acid such as H*, Cs*, K", Cl-, 80,7, and
P0,>” to (with) pure water; and it is also allowable to use
those obtained by adding (mixing) fine particles of Al
oxide or the like to {with) pure water. As for the liquid
1, it is preferable to use those which ﬁave a small
coefficient of light absorption, which have a small
temperature dependency, and which are stable against a
photosensitive material (or, for example, a top coat film
or an antireflection film) coated on the surface of the
substrate P and/or the projection system PL. As for the
ligquid 1, it is also possiblé to use a supercritical fluid.
As for the substrate P, it is possible to provide, for
example, the top coat film which protects the
photosensitive material and the base material from the

liquid.
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[0138] On the other hand, the optical element (terminal
end or final optical element) 2 of the projection optical
system PL may be formed of, for example, silica glass
(silica) or any single crystal material of any fluorine
compound such as barium fluoride, strontium fluoxride,
lithium fluoride, and sodium fluoride instead of calcium
fluoride. Alternatively, the optical element (final
optical element) 2 may be formed of a material having a
refractive index (for example, not less than 1.6) higher
than those of silica glass and calcium fluoride. Those
usable as the material having the refractive index of not
less than 1.6 include, for example, sapphire and germanium
dioxide as disclosed, for example, in International
Publication No. 2005/059617; and potassium chloride
{(refractive index: about 1.75) as disclosed in
International Publication No. 2005/059618.

[0139] When the liquid immersion method is used, it is
also apprépriate that the optical path on the okject plane
side of the final optical element is also filled with the
liquid, in addition to the optical path on the image plane
side of the final optical element as disclosed, for
example, in International Publication No. 2004/019128
(corresponding to United States Patent Application
Publication No. 2005/0248856). Further, a thin film, which
has the lyophilic or liquid-attractive property and/or the

anti-dissolution function, may be formed on a part

109



(including at least the contact surface making contact with
the liquid) or all of the surface of the final optical
element. The silica glass has a high affinity for the
liguid, for which any dissolution-preventive film is not
required as well. However, it is preferable for calcium
fluoride to form at least the anti-dissolution film.

[0140i In the respective embodiments described above,
the ArF excimer laser is used as the light source for the
exposure light EL. However, it is also allowable to use a
high harmonic wave—generating device which includes, for
example, a solid laser light source such as a DFB
semiconductor laser or a fiber laser, a light-amplifying
section having a fiber amplifier or the like, and a
wavelength—-converting section; and which outputs a pulse
light beam having a wavelength of 193 nm as disclosed, for
example, in International Publication No. 1999/46835
(corresponding to United States Patent No. 7,023,610).
Further, in the respective embodiments described above, the
projection area (exposure area) is rectangular. However,
it is also allowable to adopt any other shape including,
for example, circular arc-shaped, trapezoidal,
parallelogramic, and rhombic shapes.

[0141] Further, the present invention is also
applicable, for example, to an exposure apparatus in which
patterns of two masks are combined on the substrate via the

projection optical system, and one shot area on the
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substrate is subjected to the double exposure substantially
simultaneously by one time of the scanning exposure as
disclosed, for example, in Published Japanese Translation
of PCT International Publication for Patent Application

No. 2004-519850 (corresponding to United States Patent No.
6,611,316). As described above, the present invention is
not limited to the foregoing embodiments, and may be
embodied in other various forms within a range without
deviating from the gist or essential characteristics of the
present invention.

[0142] As described above, the exposure apparatus EX,
EX' according to the embodiment of the present invention is
produced by assembling the various subsystems including the
respective constitutive elements as defined in claims so
that the predetermined mechanical accuracy, electric
accuracy and optical accuracy are maintained. In oxder to
secure the various accuracies, those performed before and
after the assembling include the adjustment for achieving
the optical accuracy for the various optical systems, the
adjustment for achieving the mechanical accuracy for the
various mechanical systems, and the adjustment for
achieving the electric accuracy for the various electric
systems. The steps of assembling the various subsystems
into the exposure apparatus include, for example, the
mechanical connection, the wiring connection of the

electric circuits, and the piping connection of the air
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pressure circuits in correlation with the various
subsystems. It goes without saying that the steps of
assembling the respective individual subsystems are
performed before performing the steps of assembling the
various subsystems into the exposure apparatus. When the
steps of assembling the various subsystems into the
exposure apparatus are completed, the overall adjustment is
performed to secure the various accuracies as the entire
exposure apparatus. It is desirable that the exposure
apparatus is produced in a clean room in which the
temperature, the cleanness, etc. are managed.

[0143] As for various United States Patents and United
States Patent Application Publicationg referred to in this
specification, the contents thereof are incorporated herein
by reference within a range of permission of the domestic
laws and orxdinances of the designated state or the selected
state, in relation to those other than those having been
specifically and explicitly incorporated herein by

reference as well.

INDUSTRIAL APPLICABILITY

[0144] According to the exposure method and the method
for producing the device of the present invention, the
amount of the foreigm matter in the liquid of the liquid

immersion area is decreased, and hence the yield of the
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device to be produced is improved. Therefore, the present
invention will remarkably contribute to the development of
the precision mechanical equipment industry including the

semiconductor industry of our country.
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CLAIMS

1. An exposure method for exposing a substrate, the
exposure method comprising:

forming a liquid immersion area on the substrate held
by a substrate stage to expose the substrate with an
exposure light through a liquid of the liquid immersion
area; and

cleaning the substrate stage by moving the substrate
stage relative to the liquid immersion area during a period

in which the substrate is not exposed.

2. The exposure method according to claim 1, wherein
the liquid immersion area is formed by using a certain

cleaning liquid.

3. The exposure method according to claim 1 oxr 2,
wherein the substrate stage has a holding portion which
holds the substrate and a flat surface which is arranged
around the holding portion and which is substantially
parallel to a surface of the substrate held by the holding-
portion; and

the substrate stage is moved relative to the liquid
immersion area in a state that at least a part of the
liguid immersion area is formed on the flat surface during

the cleaning.
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4. The exposure method according to claim 3, wherein
the holding portion holds a flat plate-shaped dummy

substrate during the cleaning.

5. The exposure method according to claim 1 or 2,
wherein during the cleaning, a holding portion, of the
substrate stage, which holds the substrate, 1s covered with
a dummy substrate which has an upper surface substantially

parallel to a flat surface around the holding portion.

6. The exposure method according to claim 5, wherein
the substrate stage is moved relative to the liquid
immersion area so that at least a part of the liquid
immersion area is moved substantially on only the dummy

substrate.

7. The exposure method according to any one of
claims 4 to 6, wherein at least an upper surface of the
dummy substrate is liquid-repellent; and a plurality of

liguid-attractive grooves are formed on the upper surface.

8. The exposure method according to any one of
claims 1 to 7, wherein the substrate stage is moved
relative to the liguid immersion area during the cleaning

so that at least a part of a movement range of the liquid
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immersion area on the substrate stage during the cleaning
is different from a movement range of the liguild immersion

area on the substrate stage during the exposure.

9. The exposure method according to any one of
claims 1 to 8, wherein the substrate stage is moved
relative to the liquid immersion area so that at least one
of a velocity and an acceleration of the movement of
substrate stage relative to the liquid immersion area in a
direction perpendicular to an optical axis of the exposure
1ight is greater than that during the exposure of the

substrate.

10. The exposure method according to any one of
claims 1 to 9, wherein the substrate stage is moved
relative to the liquid immersion area so that at least one
of a velocity and a stroke of the movement of substrate
stage relative to the ligquid immersion area in a direction
parallel to an optical axis of the exposure light is

greater than that during the exposure of the substrate.

1l1l. The exposure method according to any one of
claims 1 to 10, further comprising forming the liguid
immersion area on a measuring stage which is movable
independently from the substrate stage, and moving the

measuring stage relative to the liquid immersion area so as
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to clean the measuring stage.

12. The exposure method according to claim 11,
wherein the substrate stage and the measuring stage are
allowed to approach closely to each other to form the
liguid immersion area at a boundary portion between the
substrate stage and the measuring stage and the substrate
stage and the measuring stage are vibrated relative to each
other in antiphase in a direction along a boundary line so

as to clean the substrate stage and the measuring stage.

13. The exposure method according to any one of
claims 1 to 12, further comprising moving the substrate
stage with respect to the liquid immersion area during the
cleaning along a locus different from a locus of movement
along which the substrate stage is moved when the substrate

is exposed.

14. The exposure method according to claim 13,
further comprising moving the substrate stage during the
cleaning along a movement locus of the substrate stage
along which the substrate stage is moved during alignment
of the substrate or before or after the exposure of the

substrate.

15. The exposure method according to any one of
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claims 1 to 14, further comprising recovering the liguid of

the liquid immersion area during the cleaning.

16. The exposure method according to any one of
claims 1 to 15, wherein the exposure light is radiated onto
the substrate via an optical member and the liquid; and

an optical path space, for the exposure light, which
is between the substrate and the optical member is filled
with the liquid to form the liquid immersion area locally
to include an irradiation area of the exposure light on the

substrate stage.

17. The exposure method according to claim 16,
wherein a liquid immersion member is used to perform at
least one of supply and recovery of the liquid with respect
to the liquid immersion area; and

the liquid immersion member is also cleaned during the

cleaning of the substrate stage.

18. The exposure method according to any one of
claims 1 to 17, wherein a cleaning liquid is supplied to
the liquid immersion area during a period in which the

substrate is not exposed.

12. The exposure method according to claim 18,

wherein the cleaning liquid is a liquid for cleaning which
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is obtained by mixing a certain solvent with the liguid of
the liquid immersion area to be formed during the exposure,

or a liquid which is different from the liguid.

20. The exposure method according to claim 18 or 19,
wherein the cleaning liquid is supplied to the liquid
immersion area by a liquid supply mechanism which supplies

the liquid.

21. The exposure method according to any one of
claims 1 to 20, wherein a holding portion, of the substrate
stage, which holds the substrate is covered with a dummy
substrate during the cleaning; and the liquid is recovered

on a side of the substrate stage.

22. The exposure method according to claim 21,
wherein the liquid, which inflows via a gap between the
dummy substrate and a flat surface around the dummy

substrate, is recovered in the substrate stage.

23. The exposure method according to claim 21 or 22,
wherein the dummy substrate has an upper surface which is
liguid-repellent and which is substantially flush with the

flat surface.

24. The exposure method according to any one of
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claims 1 to 23, further comprising radiating the exposure

light on a side of the substrate stage during the cleaning.

25. The exposure method according to any one of
claims 1 to 24, further comprising vibrating the substrate
stage in a direction parallel to an optical axis of the

exposure light during the cleaning.

26. The exposure method according to any one of
claims 1 to 25, further comprising ultrasonically vibrating
the liquid of the liquid immersion area during the

cleaning.

27. An exposure method for exposing a substrate with
an exposure light via an optical member and a liguid, the
exposure method comprising:

arrangiﬁg a movable member, which makes contact with
the liquid, to be opposite to the optical member; and

moving the movable member relative to a liquid
immersion area of a cleaning liquid formed between the
optical member and the movable member to clean the movable

member.

28. The exposure method according to claim 27,
wherein the cleaning liquid is same as the liquid in a

liquid immersion area to be formed between the optical
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member and the substrate during the exposure.

29. The exposure method according to claim 27 or 28,
wherein the movable member includes a substrate stage which
holds the substrate and/or a measuring stage which is

movable independently from the substrate stage.

30. The exposure method according to any cone of
claims 27 to 29, wherein at least a part of a locus of
movement of the movable member is different between an

operation of the cleaning and an operation of the exposure.

31. An exposure apparatus which exposes a substrate
with an exposure light through a liquid, the exposure
apparatus comprising:

a substrate stage which holds the substrate;

a liquid immersion mechanism which supplies the liquid
onto the substrate to form a liquid immersion area; and

a controller which moves the substrate stage relative
to the liquid immersion area so as to clean the substrate
stage during a period in which the substrate is not

exposed.

32. The exposure apparatus according fo claim 31,
wherein the substrate stage has a holding portion which

holds the substrate and a flat surface which is arranged
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around the holding portion and which is substantially
parallel to a surface of the substrate held by the holding
portion; and

the controller moves the substrate stage relative to
the liquid immersion area in a state that at least a part

of the liquid immersion area is formed on the flat surface.

33. The exposure apparatus according to claim 32,
wherein the holding portion is covered with a flat plate-

shaped dummy substrate during the cleaning.

34. The exposure apparatus according to claim 33,
wherein at least an upper surface of the dummy substrate is
liquid-repellent, and a plurality of liquid-attractive

grooves are formed on the upper surface.

35. The exposure apparatus according to any one of
claims 31 to 34, wherein the controller has:

a first mode in which the substrate is exposed; and

a second mode in which the substrate stage is moved
relative to the liquid immersion area so that at least one
of a velocity and an acceleration of the movement of
substrate stage relative to the liquid immersion area in a
direction perpendicular to an optical axis of the exposure

light is greater than that in the first mode.
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36. The exposure apparatus according to claim 35,
wherein the controller has a third mode in which the
substrate stage is moved relative to the liquid immersion
area so that at least one of a velocity and a stroke of the
movement of substrate stage relative to the 1liquid
immersion area in a direction parallel to the optical axis
of the exposure light is grater than that in the first

mode.

37. The exposure apparatus according to any one of
claims 31 to 36, further comprising a measuring stage which
is movable independently from the substrate stage;

wherein the controller forms the liquid immersion area
on the measuring stage during the period in which the
substrate is not exposed, and moves the measuring stage
relative to the liquid immersion area to execute cleaning

of the measuring stage.

38. The exposure apparatus according to claim 37,
wherein the controller allows the substrate stage and the
measuring stage to approach closely to each other teo form
the iiquid immersion area at a boundary portion between the
substrate stage and the measuring stage and vibrates the
substrate stage relative to the measuring stage in
antiphase in a direction along a boundary line defining the

boundary portion so as to clean the substrate stage and the
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measuring stage.

39. The exposure apparatus according to any one of
claims 31 to 38, wherein the liquid immersion mechanism
includes a liquid supply mechanism which supplies the
liquid, and a liquid recovery mechanism which recovers the

supplied liquid.

40. The exposure apparatus according to claim 39,
wherein the liquid immersion mechanism includes a liquid
immersion member which performs at least one of the supply
and the recovery of the liquid with respect to the liquid
immersion area; and

the liquid immersion member is also cleaned during the

cleaning of the substrate stage.

41. The exposure apparatus according to any one of
claims 31 to 40, wherein the liquid immersion mechanism
includes a first liquid supply mechanism which supplies the
liquid, and a second liquid supply mechanism which supplies
a cleaning liquid containing a certain solvent; and

the second liquid supply mechanism supplies the
cleaning liquid onto the substrate stage during the

cleaning.

42. The exposure apparatus according to claim 41,
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wherein the second liquid supply mechanism includes a
mixing mechanism which mixes the certain solvent into the
liquid supplied from the first liquid supply mechanism; and
the cleaning liquid is obtained by mixing the certain
solvent into the liquid of the liguid immersion area to be

formed during the exposure.

43. The exposure apparatus according to any one of
claims 31 to 42, wherein the substrate stage has a holding
portion which holds the substrate; and

a flat plate-shaped dummy substrate is provided
exchangeably with the substrate to cover the holding

portion during the cleaning.

44. The exposure apparatus according to any one of
claims 31 to 43, wherein the substrate stage has a holding
portion which holds the substrate, the holding portion
being covered with a dummy substrate during the cleaning;
and

a recovery portion, which recovers the liquid
inflowing through a gap between the dummy substrate and a
flat surface disposed around the dummy substrate, is
provided; the recovery portion having at least a part which

is arranged in the substrate stage.

45. The exposure apparatus according to claim 43 or
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44, wherein an upper surface of the dummy substrate is
liquid-repellent and substantially flush with the flat

surface.

46. The exposure apparatus according to any one of
claims 31 to 45, wherein the controller allows the exposure

light to be emitted during an operation of the cleaning.

47. The exposure apparatus according to any one of
claims 31 to 46, wherein the substrate stage has a holding
portion which holds the substrate and a flat surface which
is provided around the holding portion, the substrate stage
including a table which is movable in a direction parallel
to an optical axis of the exposure light; and

the controller vibrates the table in a direction
parallel to the optical axis during an operation of the

cleaning.

48. The exposure apparatus according to any ocne of
claims 31 to 47, further comprising a vibrator which
ultrasonically vibrates the liquid of the liquid immersion

area during the cleaning.

49. An exposure apparatus which exposes a substrate
with an exposure light via an optical member and a liquid,

the exposure apparatus comprising:

126



a movable member which is arranged to be opposite to
the optical member and which makes contact with the liquid;
a liquid immersion mechanism which forms a liquid

immersion area of a cleaning liquid between the optical
member and the movable member; and
a controller which moves the movable member relative

to the liquid immersion area to clean the movable member.

50. The exposure apparatus according to claim 49,
wherein the cleaning liquid is same as the liquid in the
ligquid immersion area formed between the optical member and

the substrate during the exposure.

51. The exposure apparatus according to claim 49 or
50, wherein the movable member includes a substrate stage
which holds the substrate and/or a measuring stage which is

movable independently from the substrate stage.

52. The exposure apparatus according to claim 51,
wherein the substrate stage holds a cover member by a
holding portion holding the substrate during a period in

which the substrate stage is cleaned.

53. The exposure apparatus according to any one of
claims 49 to 52, wherein the controller allows at least a

part of a locus of movement of the movable member to differ
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between an operation of the cleaning and an operation of

the exposure.

54. The exposure apparatus according to any one of -
claims 49 to 53, wherein the controller executes an
operation of the cleaning during a period in which the

substrate is not exposed.

55. A maintenance method for an exposure apparatus
which forms a liquid immersion area on a substrate held by
a substrate stage and which exposes the substrate with an
exposure light through a liquid of the ligquid immersion
area, the maintenance method comprising:

arranging the substrate stage to be opposite to a
liquid immersion member which performs at-least one of
supply and recovery of the liquid with respect to the
liguid immersion area; and

moving the substrate stage relative to the liquid
immersion area to clean at least one of the liguid
immersion member and the substrate stage during a period in

which the substrate is not exposed.

56. The maintenance method according to claim 55,
wherein the substrate stage includes a holding portion
which holds the substrate, and a flat surface which is

arranged around the holding portion and which is
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substantially parallel to a surface of the substrate held
by the holding portion; and

during the cleaning, the substrate stage is moved
relative to the liquid immersion area in a state that at
least a part of the liquid immersion area is formed on the

flat surface.

57. The maintenance method according to claim 56,
wherein the holding portion holds a flat plate-shaped dummy

substrate during the cleaning.

58. The maintenance method according to any one of
claims 55 to 57, wherein the substrate stage is moved
relative to the liguid immersion area during the cleaning
so that at least one of a velocity and an acceleration of
the movement of substrate stage relative to the liquid
immersion area in a direction perpendicular to an optical
axis of the exposure light is greater than that during the

exposure of the substrate.

59. The maintenance method according to any one of
claims 55 to 58, wherein the substrate stage is moved
relative to the liquid immersion area during the cleaning
so that at least one of a velocity and a stroke of the
movement of substrate stage relative to the liquid

immersion area in a direction parallel to an optical axis
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of the exposure light is greater than that during the

exposure of the substrate.

60. The maintenance method according to any one of
claims 55 to 59, wherein the exposure apparatus comprises a
measuring stage which is movable independently from the
substrate stage; and

the liquid immersion area is formed on the measuring
stage, and the measuring stage is moved relative to the

liquid immersion area to clean the measuring stage.

61l. The maintenance method according to claim 60,
wherein the substrate stage and the measuring stage are
allowed to approach closely to each other tc form the
liquid immersion area at a boundary portion between the
substrate stage and the measuring stage and the substrate
stage is vibrated relative to the measuring stage in
antiphase in a direction provided along a boundary line so
that the substrate stage and the measuring stage are

cleaned.

62. The maintenance method according to any one of
claims 55 to 61, wherein the exposure apparatus comprises a
liquid recovery mechanism which recovers the liquid of the
liquid immersion area; and

the liquid of the liquid immersion area is recovered
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during the cleaning.

63. The maintenance method according to any one of
claims 55 to 62, wherein a cleaning ligquid is supplied to
the liquid immersion area during a period in which the

substrate is not exposed.

64. The maintenance method according to claim 63,
wherein the cleaning liquid is a cleaning liguid which is
obtained by mixing a certain solvent into the liquid of the
liguid immersion area to be formed during the exposure, or

a liguid which is different from the liquid.

65. A maintenance method for an exposure apparatus
which exposes a substrate with an exposure light via an
optical member and a liquid, the maintenance method
comprising:

arranging a movable member, which makes contact with
the liquid, to be opposite to the optical member; and

moving the movable member relative to a liquid
immersion area of a cleaning liquid, formed between the
optical member and the movable member, to clean the movable

member.

66. The maintenance method according to claim 65,

wherein the cleaning liquid is same as the liguid in the
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liquid immersion area formed between the optical member and

the substrate during the exposure.

67. The maintenance method according to claim 65 or
66, wherein the movable member includes a substrate stage
which holds the substrate and/or a measuring stage which is

movable independently from the substrate stage.

68. The maintenance method according to claim 67,
wherein during the cleaning of the substrate stage, a
holding portion of the substrate stage which holds the

substrate is covered with a cover member.

69. The maintenance method according to any one of
claims 65 to 68, wherein at least a part of a locus of
movement of the movable member is allowed to differ between
an operation of the cleaning and an operation of the

exposure.

70. The maintenance method according to any one of
claims 65 to 69, wherein an operation of the cleaning is
executed during a period in which the substrate is not

exposed.

71. An exposure method for exposing a substrate, the

exposure method comprising:
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filling, with a liquid, an optical path space for an
exposure light on the substrate held by a substrate stage;

exposing the substrate with the exposure light through
the liquid; and

supplying an ultrasonically vibrated cleaning liquid
onto the substrate stage during a period in which the

substrate is not exposed.

72. An exposure method for exposing a substrate, the
exposure method comprising:

filling an optical path space for an exposure light
with a liquid by a liquid immersion mechanism on the
substrate held by a substrate stage;

exposing the substrate with the exposure light through
the liquid; and

supplying a cleaning liquid to at least one of a
supply port and a recovery port for the liguid of the
liquid immersion mechanism during a period in which the

substrate is not exposed.

73. The exposure method according to claim 72,

wherein the cleaning liguid is ultrasonically vibrated.

74. The exposure method according to claim 72 oxr 73,
wherein the substrate stage is moved during a period in

which the substrate stage is cleaned with the cleaning
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ligquid.

75. BAn exposure method for exposing a plurality of
areas on a substrate with an exposure light through a
liguid, the exposure method comprising:

exposing the plurality of areas respectively through
the liquid while moving a movable member which holds the
substrate along a first route; and

cleaning the movable member with the liguid or a
cleaning liquid by moving the movable member which holds a
dummy substrate along a second route different from the

first route.

76. The exposure method according to claim 75,
wherein the second route is determined so that an area, on
the movable member, with which the liquid makes contact
during the exposure is cleaned with the ligquid or the

cleaning liquid.

77. The exposure method according to claim 75 or 76,
wherein the second route is a route which includes at least

one of the first route.

78. The exposure method according to any one of
claims 75 to 77, wherein the exposure light is not radiated

onto the dummy substrate when the movable member is cleaned
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with the 1liquid or the cleaning liquid.

79. The exposure method according to any one of
claims 75 to 78, wherein the liquid or the cleaning liquid
is substantially retained in an area which is smaller than
a total areal size of the substrate and which is greater

than one area on the substrate.

80. A method for producing a device, comprising:
exposing a substrate by using the exposure method as

defined in any one of claims 1 to 30 and 71 to 79;
developing the exposed substrate; and

processing the developed substrate.

81. An exposure apparatus which exposes a substrate,
comprising:

a liquid immersion mechanism which fills an optical
path space for an exposure light with a liquid on the
substrate held by a substrate stage;

an ultrasonic vibrator which is provided in the
vicinity of a supply port, for the liquid, of the liguid
immersion mechanism; and

a controller which controls the ultrasonic vibrator so
that a cleaning liquid, which is vibrated by an ultrasonic
wave generated by the ultrasonic vibrator, is supplied onto

the substrate stage during a period in which the substrate
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is not exposed.

82. An exposure apparatus which exposes a substrate,
comprising:

a liguid immersion mechanism including a first liquid
supply mechanism which supplies a liquid to an optical path
space for an exposure light on the substrate held by a
substrate stage;

a second liquid supply mechanism which is provided on
a side of the substrate stage and which supplies a cleaning
liquid;

an ultrasonic vibrator which vibrates the cleaning
ligquid by an ultrascnic wave; and

a controller which controls the ultrasonic vibrator so
that the cleaning liquid, which is vibrated by the
ultrasonic wave generated by the ultrasconic vibrator, is
supplied to at least one of a supply port and a recovery
port, for the liquid, of the ligquid immersion mechanism

during a period in which the substrate is not exposed.

83. An ekposure apparatus which exposes a substrate
through a liquid, comprising:

a liquid immersion mechanism which fills an optical
path space for an exposure light with the liquid on the
substrate held by a substrate stage; and

a device which supplies a cleaning liquid to at least

136



one of a supply port and a recovery port, for the liquid,
of the liquid immersion mechanism during a period in which

the substrate is not exposed.

84. The exposure apparatus according to claim 83,
further comprising an ultrasonic vibrator which vibrates

the cleaning liquid by an ultrasonic wave.

85. The exposure apparatus according to claim 83 or
84, further comprising a controller which moves the
substrate stage during a period in which the substrate

stage is cleaned with the cleaning liquid.

86. An exposure apparatus which exposes a substrate
with an exposure light via an optical member and a liquid,
the exposure apparatus comprising:

a movable member which is arranged to be opposite to
the optical member; and

a cleaning device which includes a vibrator provided
on the movable member and which cleans a member making
contact with the liquid with a cleaning liquid vibrated by

the vibrator.

87. The exposure apparatus according to claim 86,

wherein the cleaning liquid includes the liquid.
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88. The exposure apparatus according to claim 86 or
87, further comprising a liquid immersion member which is
used to form a liguid immersion area of the liquid, wherein
the member making contact with the liquid includes at least

the liguid immersion member.

89. A methad for producing a device, comprising:
exposing a substrate by using the exposure apparatus

as defined in any one of claims 31 to 54 and 81 to 88;
developing the exposed substrate; and

processing the developed substrate.
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