wo 2009/119898 A1 I 10KV OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization g 1IN NI A0 00 8000100 O OO
International Bureau S,/ 0
3\ i 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
1 October 2009 (01.10.2009) PCT WO 2009/119898 Al

(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
GO3F 7/20 (2006.01) CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ,
A L. EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT, HN,
(21) International Application Number: HR. HU. ID. IL. IN. IS. JP. KE. KG. KM. KN. KP. KR
PCT/IP2009/056843 KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(22) International Filing Date: MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
26 March 2009 (26.03.2009) NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC, 8D, SE, SG,
. ) SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT, TZ, UA,

(25) Filing Language: English UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English  (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
61/064,810 27 March 2008 (27.03.2008) US GM, KE, LS, MW, MZ, NA, SD, SL, 82, TZ, UG, ZM,
12/382,742 23 March 2009 (23.03.2009) US ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
(71) Applicant (for all designated States except US): NIKON ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
CORPORATION [JP/JP]; 2-3, Marunouchi 3-chome, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, TR),
Chiyoda-ku, Tokyo 100-8331 (JP). OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW, ML,

(72) Inventor; and MR, NE, SN, TD, TG).

(75) Inventor/Applicant (for US only): NISHII, Yasufumi Published:
[JP/JP]; ¢/o NIKON CORPORATION, 2-3, Marunouchi

3-chome, Chiyoda-ku, Tokyo 100-8331 (JP).
] ) —  before the expiration of the time limit for amending the
(74) Agent: SHIGA’ Masatake; Patent Attorney, 1-9-2, claims and to be republished in the event of receipt of
Marunouchi, chiyoda-ku, Tokyo 100-6620 (JP). amendments (Rule 48.2(h))

—  with international search report (Art. 21(3))

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(54) Title: IMMERSION SYSTEM, EXPOSURE APPARATUS, EXPOSING METHOD AND DEVICE FABRICATING
METHOD

FIG. 2

15(10A)
PL u

12A—1 CT=12

LIQUID
SUPPLY
APPARATUS

LIQUID
RECOVERY
APPARATUS

(57) Abstract: An immersion system is used in an immersion exposure, wherein a substrate is exposed with an exposure light
through an optical member and a liquid, and that fills an optical path of the exposure light between the optical member and the
substrate with the liquid. The immersion system comprises: a first member, which is disposed around the optical path of the expo-
sure light and has a first surtace that faces in a first direction; a second member that has a liquid recovery port, which is disposed
on the outer side of the first surface with respect to the optical path of the exposure light; a first drive apparatus that is capable of
moving the first member parallel to the first direction; and a second drive apparatus that is capable of moving the second member
parallel to the first direction independently of the first member; wherein, a space between the first surface and a front surface of an
object can hold the liquid; and a liquid between the liquid recovery port and the front surface of the object is recovered via the lig-
uid recovery port.
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DESCRIPTION

IMMERSION SYSTEM, EXPOSURE APPARATUS, EXPOSING METHOD, AND

DEVICE FABRICATING METHOD

BACKGROUND

The present invention relates to an immersion systém, an exposure apparatus, an
exposing method, and a de\./i-ce fabricating method.

Priority is claimed on U.S. Provisional Application No. 61/064,810, filed March
27, 2008, and U.S. Patent Application filed March 23, 2009, the contents of which are
incorporated herein by reference.

As disclosed in U.S. Patent Application Publication No. 2006/0250593 and U.S.
Patent Api)lication Publication No. 2007/0296939, among exposure apparatuses used in
photolithography, an immersion exposure apparatus is known that exposes a substrate
with exposure light through a liquid.

In an immersion exposure apparatus, it is critical to satisfactorily fill the optical
path of the exposure light between the substrate and an optical member, sﬁch asa
projection optical system, with the liquid. If the optical path cannot be satisfactorily
filled with the liquid, for example, if a gas portion, such as a bubble, occurs in the liquid,
then exposure failures may occur; for example, defects may occur in the pattern formed
in the substrate. In addition, if the substrate is moved at high speed in the state wherein
the optical path between the substrate and, for example, the optical member is filled with
the liquid, then it becomes difficult to satisfactorily and continuously fill the optical path

with the liquid, and the liquid may leak out from a prescribed space, remain on the
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substrate, of the like. Furthermore, the heat of vaporization of the leaked or residual

liquid may induce changes in the temperature of the optical path, thermal deformation in
Athe various members, sucﬁ as the substrate, or the 'liké. In this case, too, exposure
failures may occur. As a result, defective devices could be producéd.

A purpose of some aspects of the present invention is to provide a liquid
immersion system that can satisfaétorily fill an optical path of exposure light with a
liquid. Another purpose of the aspects of the present invention is to provide both an
ekposure apparatus that can prevent exposure failures and an exposing method. Yet
another pﬁfpdse sf the aspects of fhe present invention is to pfovide a device fabﬁcating

method that can prevent the production of defective devices.

SUMMARY

A first aspect of the invention provides an immersion system used in an
immersion exposure, comprising: a first member, which is disposed around an optical
path of exposure light and has a first surface that faces in a first direction, the optical path |
between an optical member and a substrate being ﬁlled with a liquid, a space betweeﬂ the
first surface and a front surface of an object being capable of holding a liquid; a second
member that has a liquid recovery port, which is disposed on the outer side of the first
surface with respect to the optical i)ath of the exposure light, at least part of a liquid
between the liquid recovery port and the front surface of the object being recovered via
the liquid recovery port; a first drive apparatus that is capable of moving the first member
in at least the first direction; and a second drive apparatus that is capable of msving the
second member in at least the first direction independently of the first member.

A second aspect of the invention provides an immersion system used in an

immersion exposure, comprising: a first member, which is disposed around an optical
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path of exposure light and has a first surface that faces in a first direction, the optical path
between an optical member and a substrate being filled with a liquid, a space betwéen the
first surface and a front surface of an object being capab‘le’ of holding a liquid; a second
member that has a liquid recovery port, which is disposed on the outer side of the first
surface with respect to the optical path of the exposure light,-at least part of a liquid
between the liquid recovery port and the front surface of the object being recovered via
the liquid recovery port; and a drive apparatus that is capable of controlliné a relative
movement between a first member and a sqund member in at least the first direction;. |
whereih, the liquid recovery port has ,é first .recoverlyv "c‘lfea an& é secoﬁd recovery afea,
which is disposed on the outer side of the first surface with respect to the optical path of
the exposure light, a distance Between a front surface of the object and the first recovery

area in the first direction is greater than a distance between the front surface of the object

. and the second recovery area in the first direction, and a positional relationship between

the first recovery area and th¢ first surface in the first direction can be adjusted.

A third aspect of the invention provides an exposure apparatus that exposes a
substrate with exposure light through a liquid, comprising: an immersion system
according to the first and second aspects.

A fourth aspect of the invention provides a device fabricating mefhod,
comprising: exposing a substrate using an exposure apparatus according to the third
aspect; and developing the exposed substrate.

A fifth aspect of the invention provides an exposing method that exposes a
substrate with exposure light through a liquid, comprising: filling an optical path of the
exposure light between the optical member and the substrate with the liquid using an
immersion system according to the first and second aspects; and radiating the exposure

light to the substrate through the optical member and the liquid.
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A sixth aspect of the invention pI‘O%IidCS a device fabricating method,
comprising: exposing a substrate using an exposing method according to the fourth
aspect; and developing the exposed substrate.

According to some aspects of the present invention, an optical pdth of exposure

5 light can be satisfactorily filled with a liquid and theréby prevent exposure failures from

occurring and defective devices from being produced.

- BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic block diagram that shows one example of an exposure
10 | apparatus according to the present embodiment.
FIG. 2 is a side cross sectional view that shows the vicinity of a first .member and
a second member according to the present embodiment.
FIG. 3 is a partial, broken, schematic oblique view of the first member and the
second member according to the present embodiment.
15 FIG. 4 is an oblique view of the first member and the second rpember according
to the present embodiment, viewed from the lower side.
FIG 5 is a partial, enlafged, side cross sectional view of the first member and the
second member according to the present embodiment.
FIG. 6 is a view for explaining one example of the operation of the first member
20 and thg second member according to the present embodiment.
FIG. 7 is a view for explaining one example of the operation of the first member
and the second member according to the present embodiment.
FIG. 8 is a view for explaining one example of the operation of the first member
and the second member according to the present embodiment.

25 FIG. 9 is a view for explaining one example of the operation of the first member
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FIG. 10 is a view for explaining one example of the operation of the first -

member and the second member according to the present embodiment.

FIG. 11 is a flow chart that depicts one example of a process of fabricating a

DESCRIPTION OF THE REFERENCE SYMBOLS

microdevice.

2 Substrate stage

4 Last optical element

5 Emergent surface |

6 Lower surface

7 First member

8 Liquid recovery port

9 Second member

11 Firs.tvdrive ;1pparatus

12 Second drive apparatus

36 Liquid recovery surface

31 First liquid recovery surface

32 Second liquid recovery surface

33 Third liquid recovery surface
34 Porous member

37 Liquid supply port

EL Exposure light

EX Exposure apparatus

K Optical path
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LQ Liquid
LS Immersion space
P Substrate

DESCRIPTION OF EMBODIMENTS

The following text explains the embodiments of the present invention
referencing the drawings, but the present invention is not 1imited thereto. The
explanation below defines an XYZ orthogonal coordinate system, and the positional
relationships among members are explained referencing this system. Prescribed
directions within the horizontal plane are the X axial directions, directions orthogonal to
the X axial directions in the horizontal plane are the Y axial directions, and directions
orthogonal to the X axial directions and the Y axial directions (i.e., the vertipal
directions) are the Z axial directions. In additipn, the rotational (inclination) directions
around the X, Y, and Z axes are the 6X, 0Y, and 0Z directions, respectively.

FIG lisa scheinatic block diagram that shows one exampie of an exposure
apparatus EX according to the present embodiment. In FIG. 1, the exposure apparatus
EX comprises: a movable mask stage 1, which holds amask M; a movable substrate
stage 2, which holds a substrate P; an illumination system IL, which illuminates the mask
M with exposure light EL; a projection optical system PL, which projects onto the
substrate P an image of a pattern of the mask M illuminated by the éxposure light EL; -
and a control apparatus 3, which controls the operation of the entire exposure apparatus
EX. Inaddition, the exposure apparatus EX comprises an output apparatus 3D, which
is connected to the control apparatus 3 and is capable of outputting, for example, the
operation status of the exposure apparatus EX. The output apparatus 3D comprises at

least one of the following: a display apparatus, such as a flat panel display; a light
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generating .apparatus that emits light; and a sound generating apparatus that emits sound
(ir_lcluding alarms).

The mask M may be, for example, a reticle wherein a device pattern is formed
that is projected onto the substrate P. The mask M can be, for example, a light
transmissive mask wherein a light shielding film made of chrome and the like is used to
form a prescribed pattern on a tranéparenf plate, such as a glass plate. F urfhermoré, the
mask M can alternatively be a reflective mask. The substrate P is a substrate for
fabricating devices. The substrate P comprises a base material (e.g., a semiconductor
wafer, such as a silicon wafer) and a photosensitiv¢ film thai is formed thereon. The
photosensitive film is made of a photosensitive material (photoresist). In addition to the
photosensitive film, the substrate P can include a separate film. For example; lthe
substrate P can include an antireflective film, a protective film (topcoat film) that prbtects
the photoéensitive film, and the like.

In the present embodiment, the exposure apparatus EX is an immersion
exposure apparatus that exposes the substrate P with the exposilre light EL that passes
through a liquid LQ. In the present embodirﬂent, an immersion space LS is formed so
that at least part of the optical path of the exposure light EL is filled with the liquid LQ.
The immersion space LS is a space that is ﬁlléd with the liquid LQ. In the present
embodiment, water (pure water) is used as the liquid LQ.

In the present embodiment, the immersion space LS is formed so that an optical
path K of the exposure light EL that emerges frorﬁ a last optical element 4, which is the
optical element of a plurality of optical elements of the projection optical system PL
closest to the image plane thereof, is filled with the liquid LQ. The last optical element
4 has an emergent surface 5 that emits the exposure light EL toward the image plane of

the projection optical system PL. The immersion space LS is formed so that the optical
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path K between the last optical element 4 and an object disposed at a position at which it
opporses the emergent surface 5 of the last optical element 4 is filled with the liquid LQ.
The position at which the object opposes the emergent surface 5 includes an irradiation
positién of the exposure light EL thaf erherges from the emergent surface 5. In the
explanation below, the position at which the object opposes the emergent surface 5 of the
last optical element 4 is called an exposure position, where appropriate.

The exposure apparatus EX comprises an immersion systeﬁl for filling, with the
liquid LQ, the optical path K between the last optical element 4 and the object disposed
at a position at which it opposes the emergent surface 5 of the last opticali element 4.

The immersion system comprises: a first member 7, which is disposed afound the optical -
path K of the exposure light EL emitted from the emergent surface 5, that has a lower
surface 6, which is capable of holding the liquid LQ between itself and the front surface
of the object disposed at the exposure position; a second member 9, which is disposed
around the outer side of the lower surface 6 with respect to the optical path K of the -
exposure light EL, that has a liquid recovery port 8, which is capable of recovering thé
liquid LQ on the front surface of the object; a ﬁfst drive apparatus 11, which is capable of
moving the first member 7; and a second drive apparatus 12, which is capable of moving
the second member 9 independently of the first member 7.

The first member 7 is disposed in the vicinity of the last optical element 4. In
the present embodiment, the object capable of opposing the emergent surface S is also
capable of opposing the lower surface 6. When the front surface of the object is
disposed at a position at which it opposes the emergent surface 5, at least part of the
lower surface 6 and the front surface of the object are opposed. When the einergent
surface 5 and the front surface of the object are opposed, the space therebetween can hold

the liquid LQ. In addition, when the lower surface 6 and the front surface of the obJect
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are opposed, the space therebetween can hold the liquid LQ. Holding the liquid LQ

between the emergent surface 5 and the lower surface 6 on one side and the front surface
‘of the object bn the other side forms the limmersion space LS so that the optical path K of
the exposure light EL between the emergent surface 5 of the last optical element 4 and
the front surface of the object .is filled with the liquid LQ. -

In the present embodiment, the émergent surface 5 faces in the —Z direction.
The lower surface 6 faces in the —Z direction. At least part of the liquid recovery port 8
faces in the —Z direction. At least part of the front surface of the object, which is

capable of opposing the emergent surface 5 and the lower surface 6 and of holding the

-liquid LQ between itself and the emergent surface 5 and the lower surface 6, faces in the

+Z direction.

In the present embodiment, the object, which is capable of opposing the
emergent surface 5 and the lower surface 6, can include an object that is capable of
moving on the emergent side (the .image plane side) of the last optical element 4 and an
object that is capable of moving within a prescribed surface that includes the exposure
position. In the present embodiment, the object includes either the éubstrate stage 2 or |
the substrate P, which is held by the substrate stage 2, or both. Furthermore, to simplify
‘the explanation, the; following text principally explains an exemplary state whérein the
substrate P opposes the emergent surface 5 of the last optical element 4.

The exposure apparatus EX comprises a body 10 that comprises: a first column
10A, which is provided on a support surface FL inside, for example, a clean room; and a
second column 10B, which is providéd on the first column 10A. The first colﬁmn 10A
comprises: a plurality of first support posts 13; and a first base plate 15, which is
supported by the first support posts 13 via vibration isolating apparatuses 14. The

second column 10B comprises: a plurality of second support posts 16, which are
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provided on the first base plate 15, and a second base plate 18, which is supported by the

sécond support posts 16 via vibration isolating apparatuées 17.

The illumination system IL illuminates a prescribed illumination region IR with
the exposure light EL, which has a uniform luminous flux intensity distribution. The
illumination system IL illuminates at least part of the mask M disposed in the
illumination region IR with the exposure light EL, which has a uniform luminous flux
intensity distribution. Examples of light that can be used as the exposufe light EL
emitted frbm the illumination systerh IL include: deep ultraviolet (DUV) light such asa
bright line (g-line, h-line, or i-line) light vemitted ﬁom, for example, a mercury lamp and

KrF excimer laser light (with a wavelength of 248 nm); and vacuum ultraviolet (VUV)

light such as ArF excimer laser light (with a wavelength of 193 nm) and_ F; laser light

(with a wavelength of 157 nm). In the present embodiment, ArF excimer laser light,
which is ultraviolet light (vacuum ultraviolet light), is used as the exposure light EL.

. The mask stage 1 comprises a mask holding part 1H that releasably holds the
mask M. In the present embodiment, the mask holding part 1H holds the mask M so
that a patterned surface (lower surface) of the mask M is substantially parallel to the XY
plane. The mask stage 1, in the state wherein it holds the mask M, is capable of moving,
by the operation of a first drive system 1D that includes actuators -(e. g., linear motors);
along an lipper surface (a guide surface) of the second base plate 18 within an XY plane
that includes the illumination region IR.  The upper surface of the second base plate 18
is substantiallyr parallel to the XY plane. In the present embodiment, in the state
wherein the mask M is held by the mask holding part 1H, the mask stage 1 is capable of
moving in three directions: the X axial, Y axial, and 0Z directions.

A laser interferometer 19A of the interferometer system 19 measures the

position of the mask stage 1 (mask M). The laser interferometer 19A measures the
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position using a reflecting mirror 1R, which is provided to the mask stage 1. Based on
.the measurement result of the laser interferometer 19A, the control apparatus 3 controls
the position of the mask M, which is held by the mask stage 1, by operating the first drive
system 1D. |

The projection optical system PL radiates the exposure light EL to a prescribed
projection region PR.  The projection optical system PL projects with a prescribed
projection magnification an image of the pattern of the mask M to at least partvof the
substrate P, which is disposed in the projection region PR. A lens barrel 20 holds the
plurality of optical elements of the projection optical systeni PL. The lens barrel 20 has
a flange 20F. The projection optical system PL is supported by the first base plate 15
via the flange 20F. The position of the projection optical system PL, which is supported
by the first base plate 15 and comprises the last optical element 4, is substantially fixed.
Furthermore, a vibration isolating apparatus can be provided between the first base plate
15 and the lens barrel 20. The projection optical system PL of the present embodiment
is a reduction system that has a projection rﬁagrﬁﬁcation of, for example, 1/4, 1/5, or 1/8.

Furthermore, the projection optical system PL may also be a unity magnification system

~ or an enlargement system. In the present embodiment, an optical axis AX of the

projection optical system PL is parallel to the Z axis. In addition, the projection optical
'system PL may be a dioptric system that does not include catoptric elements, a catoptric
system that does not include dioptric elements, or a catadioptric system that includes both
catoptric and dioptric elements. In addition, the pfojection optical system PL may form
either an inverted or an erect image.

The substrate stage 2 comprises a substrate holding part 2H, which releasably
holds the substrate P. In the present embodiment, the substrate holding part 2H holds

the substrate P so that the front surface (exposure surface) of the substrate P is
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substantially parallel to the XY plane. The substrate stage 2, in the state wherein it
holds the substrate P, is capable of moving, by the operation of a second drive system 2D
that comprises actuators (e.g., linear motors), along an upper surface (a guide surface) of
a third base plate 21 within an XY plane that includes the projection region PR. The
third base plate 21 is supported by the support surfece FL via vibration isoiating
apparatuses 22. The upper surface of the third base plate 21 is substantially parallel to
the XY plane. In the present embodrment, in the state wherein the substrate P is held by

the substrate holding part 2H, the substrate stage 2 is capable of moving in six directions:

“the X, Y, and Z axial directions, and the 0X, 0Y, and 6Z directions.

The substrate stage 2 has an upper surface 2T, which is disposed around the
substrate holding part 2H and is capable of oppoeing the emergent surface 5 of the last
optical element 4. The substrate holding part 2H is disposed in a recessed part 2C,
which is provided in the substrate srage 2. The front surface of the substrate P held by
the substrate holding part 2H is capable of opposing the emergent surface 5 of the last
optical element 4. fhe upper surface 2T of the substrate stage 2 is a flat surface that is
substantially parallel to the XY plane. The front surface of the substrate P, which is held
by the substrate holding part 2H, and ‘the upper surface 2T of the substrate srage 2 are
disposed in substarrtially the same plane (i.e., they are-substantially flush with one
another). |

A Laser interferometer 19B of the interferometer system 19 measures the |
position of the substrate stage 2 (the substrate P) in the X axial, Y axial, and 0Z directions.
The laser interferometer 19B measures the position of the substrate stage 2 using a
reflecting mirror 2R, which is provided to the substrate stage 2. In addition, a detection
system 50 detects the position (in the Z axial, 60X, and 8Y directions) of a front surface of

the substrate P held by the substrate stage 2. Based on the measurement result of the
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laser interferometer 19B and the detection results of the detection system 50, the control
apparatus 3 controls the position of the substrate P held by the substrate stage 2 by
operating the second drive system 2D.

In the present embodiment, the detection system 50 is capable of detectiﬁg the
height @osition in the Z axial directions) of the front surface of the substrate P or the
upper surface 2T of the substrate stage 2, or both, at a plurality of detection points. The
detection system 50 can detect nbt only thé front surface of the substrate P and the upper
surface 2T of the éubstrate stage 2, bﬁt also the position of the front surface of the object.
Furthermore, various sensors can be employed in the detection system 50. For example,
detection light may be radiated to the front surface of the substrate P or the upper surface
2T of the substrate stage 2, or to both, and an optical sensor that receives the reflected
light thereof may be employed; alternatively, a capacitance sensor may be employed.

In the present embodiment, the exposure apparatus EX is a scanning type
exposuré apparatus (a so.-called scanning stepper) that projects the image of the pattem of

the mask M to the substrate P while synchronously moving the mask M and the substrate

P in prescribed scanning directions. 'When the substrate P is to be exposed, the control

apparatus 3 controls the mask stage 1 and the substrate stage 2 so as to move the mask M

~ and the substrate P, respectively, in the prescribed scanning directions within the XY

plane, which is orthogonal to the optical axis AX (i.é., the optical path K of the exposure
light EL). In the present embodiment, the scanning directions (the synchronous
movement directions) of both the substrate P and the mask M are the Y axial directions.
The control apparatus 3 moves the substrate P in one of the Y axial directions with
respect to the projection region PR of the pfoj ection optical system PL and radiates the
exposure light EL to the substrate P through the projection optical system PL and the

liquid LQ in the immersion space LS on the substrate P while moving, synchronized to
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the movement of the substrate P, the mask M in the other Y axial direction with respect to

the illumination region IR of the illumination system IL. Thereby, the image of the

~ pattern of the mask M is projected to the substrate P, which is thereby exposed by the

exposure light EL.

The first member 7 and the second member 9 of the liquid immersion system
will now be explained, referenciﬁg FIG. 2 through FIG. 5. FIG 2 is a side cross
sectional view that shows the vicinity of the first member 7 and the second member 9;
FIG 3isa schematié, oblique, partial, broken view that shows the first member 7 and the
second member 9; FIG. 4 is an oblique view, viewed from the lower side, of the first
member 7 and the secoﬂd member 9; and FIG. 5 is a partial, enlarged, side cross sectional
view of the first member 7 and the second member 9.

Furthermore, the following text e);plains an exemplary case where_in the

substrate P is disposed at a position at which it opposes the emergent surface 5 of the last

_ optical element 4; however, as discussed above, it is also possible to dispose an object

other than the suBstrate P, such as the substrate stage 2, at a position at which it opposes
the emergent surface 5 of the last optical element 4..

The first member 7 is a rectangular annul;arv member (rectangular ring shaped
member). The first member 7 is disposed around the optical path K of the exposure
light EL. Inthe presenf embodirhent, the first member 7 comprises a side plate part 23,
which is diéposed around the last optical element 4, and a lower plate part 24, at least
part of which is disposed between the emergent surface 5 of the last optical element 4
and the front surface.of the substrate P in the Z axial directions.

The side plate part 23 opposes an outer circumferential surface 25 of the last
optical element 4 and has an inner circumferential surface 26 that is formed along that

outer circumferential surface 25. The inner circumferential surface 26 of the first



10

15

20

25

WO 2009/119898 PCT/JP2009/056843

15

member 7 is disposed so that it opposes the outer circumferential surface 25 of the last
optical element 4 with a prescribed gap G1 interposed therebetween. In addition, the
outer circumferential surface 25 and the inner circurhferenﬁal surface 26 are inclined
upward in a radial direction with respecf to the optical axis AX (i-e., the optical path K of
the exposure light EL). Namely, the outer ci_rcumferential surface 25 and the inner
circumferential surface 26 are each provided so that its distance from the front surface of
the substrate P gradually increases as it becomes more spaced apart from the optical axis
AX. | The outer circumferential surface 25 and the inner circmnferential surface have
each an upward and ou@m& inclination. In the present embodiment, the size of the gap
G1 is such that at least part of the liquid LQ of the immefsion space LS cé.n flow into the
.gap Gl. The outer circumferential surface 25 and the inner circumferential surface 26
méy be parallel to the optical axis AX.

“The lower plate part 24 has an opening 27 at its center. The exposure light EL
that emerges from the emergent surface 5 of the last optical element 4 can pass tilrough
the opening 27.  For example, during an exposure of the sﬁbstrate P, the exposure light
EL thaf emerges from the emergent surface 5 of the last optical element 4 passes through
the opening 27 and is radiated to the front surface of the substrate P through the liquid
LQ. In the present embodiment, fhe cross sectional shape of the exposure light EL in
the opéning 27 is substantially rectangular (slit shaped) with the longitudinal directions in
the X axial directions. In accordance with the crdss sectional shape of the exposure
light EL, the opening 27 is formed in a substantially rectangular shape (a slit shape) in
the X .and Y directions. In addition, the cross sectional shape of the exposure light EL
in tﬁe opening 27 and the shape of the projection regfon PR of the projection optical
system PL on the substrate P are substantially similar.

The first member 7 has a lower surface 6, which is disposed around the optical
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path K of the exposure light EL and faces in the —Z direction. The lower surface 6 is

disposed so that it opposes the front surface of the éubstrate P. The lower surface 6 is
capable of holding the liquid LQ between itself and thé front surface of the substrate P.
In the present embodiment, the lower surface 6 is flat and substantially parallel to thé
front surface of the substrate P (the XY plane). In the pr¢sent embodiment, the external
shabe of the lower surface 6 within the XY plane is rectangular. In the present

embodiment, the lower surface 6 may be inclined with respect to the XY plane, may be a

- curved surface, or the like.

In the present embodiment, the lower surface 6 includes the lower surface of the
lower plate part 24.  The lower surface 6 is disposed around the opening 27. When the
substrate P is disposed at é position at which it opposes the lower surface 6 of the first
member 7, the first Iﬁerhber 7 can hold the liquid LQ between at least the lower surface 6
and the front surface of the substrate P. | |

The second member 9 is a rectangular annular member. The second member 9
is dispbsed around the optical path K of the exposure light EL In the present
embodiment, the second member 9 is disposed around the ﬁrstvmember 7. The second
member 9 has an inner circumferential surface 29, which opposes part of an outer
circumferential surface 28 of the first member 7 and is formed along that outer |
circMerentid surface 28. A gap G2 is formed between the inner.circumferential
surface 29 of the second member 9 and the outer circumferential surface 28 of the first
member 7. In addition, the outer circumferential surface 28 and the inner
circumferential surface 29 are each inclined upward in a radial direction with respect to
the optical axis AX (i.e., the optical path K of the exposure light EL). Namely, the outer
circumferential surface 28 and the inner circumferential surface 29 are each provided so

that its distance from the front surface of the substrate P gradually increases as it
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becomes more spaced apart from the optical axis AX. The outer circﬁmferential surface
28 and the inner circumferential surféce 29 have each an upward and outward incliﬁation.
In the present embodiment, the size of the gap G2 is such that at least part of the liquid
LQ of the immersion space LS can flow into the gap G2. F uﬁheﬁnore, the size of the
gap G2 may be such that the ‘penetration of the liquid LQ into the immersion space LS
_owing to the surface tension of the liquid LQ is prevented. = The outer circumferential
surface 28 and the iﬁner circumferential surface 29 may be parallel to the optical axis
AX. |

The second memberb 9 has a‘liquid vrecovery port 8, which is disposed on the
outef side of the lower surface 6 with respect to the optical path K of the expésure light
EL, at least part of which faces in the —Z direction. In FIG. 5, thé 1iqﬁid recovery port 8
opposes the front surface of the sﬁbstrate P. In the present embodiment, the liquid
recovery port 8 1s disposed around ';he optical path K of the exposure light EL. The
liquid recovery port 8 is capable of recovering the liquid LQ that is on the substrate P.
At least part of the liquid LQ between the liquid recovery port 8 and the front surface of
the substrate P opposed thereto is recovered_ via the liquid recovery port 8.

In the presenf erribodiment, the liquid recovery port 8 has a liquid recovery
surface 30, at least part of which faces in the —Z direction. In the present embodimént, a
porous member 34 is disposed in the liquid recovery port 8, and the front surface of the
porous member 34 forms the liquid recovery surface 30. The liquid immersion surface
30 is disposed around the optical path K of the exposure light EL. In the present
embodiment, the porous member 34 is a plate shaped member, and the.liquid recovery
sui'face 30 is formed from one porous member 34 (a single sheet thereof). In the present

embodiment, the porous member 34 has bent portions. Furthermore, in the present

- embodiment, the porous member 34 is one wherein a plurality of holes (through holes)
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are formed in a plate; however, a sintered member (e.g., sintered metal) wherein a

- plurality of holes (pores) are formed, a foam member (e.g., metal foam), or the like can

also be used as the porous member 34.

The liquid recovery surface 30 is disposed on the outer sides of the lower
surface 6 with respect to the optical path K of the exposure. light EL. The liquid |
recovery surface 30 is-cap.able of recovering the liquid LQ between the liquid immgrsion
member ‘30 and the front surface of the substrate P. At least part of the liquid LQ
between the liquid recovery surface 30 (i.e., the liquid recovery port 8) and the front

surface of the substrate P, which opposes the liquid recovery surface 30, is recovered via

the porous member 34. The liquid recovery surface 30 is capable of recovering the

liquid LQ that contacts the recovery surface 30 (i.e., at the front surface of the porous
member 34).
The liquid recovery surface 30 has: a first liquid recovery surface 31, which is

disposed around the lower surface 6 and faces in the —Z direction; a second liquid

-recovery surface 32, which is disposed around the first liquid recovery surface 31 and

faces in a direction other than the —Z direction; and a third liquid recovery surface 33,
which is disposed around the second liquid recovery surface 32 and faces in the —Z

direction. The first, second, and third liquid recovery surfaces 31, 32, 33 each include

the front surface of the porous member 34. Furthermore, an area between the first

liquid recovery surface 31 and the third liquid recovery surface 33 (i.c., the area wherein
the second liquid recovery surface 32 is formed) may serve as a non-liquid recovery
surface that does not recover the liquid LQ.

In the present embodiment, the first liquid recovery surface 31 and the third
liquid recovery surface 33 are substantially parallel to the lower surface 6. Namely, the

first liquid recovery surface 31 and the third liquid recovery surface 33 are substantially
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parallel to the front surface of the substrate P (the XY plane). In addition, as shown in

FIG. 5, in the present embodiment, a distance B1 between the first liquid recovery surface
31 and the front surface of the substrate P in the Z axial directions is larger than a
distance B2 between the third liquid recovery sﬁrface 33 and the fronf surface of the
substrate P in the Z axial diféctions. In addition, in the preseﬁt embodilﬁent, the second
liquid recovery surface 32 is inclined downward in radial directions with respect to the
optical axis AX (i.e., the optical path K of the exposure light EL) Nafnely, the second
liquid recovery surface 32 is provided so that the spacing between it and the front surface
of the substrate P becomes gradually smaller as the second liquid recovery suffacé 32
becomes more spaced apart from the optical axis AX. The second liquid recovery

surface 32 has an outward declination (downward and outward inclination). In addition,

- a distance A between the lower surface 6 and the front surface of the substrate P is

smaller than a distance E between the emergent surface 5 and the front surface of the
substrate P.
In FIG. 5, the diétance A between the lower surface 6 and the front surface of the

substrate P in the Z axial directions is smaller than the distance B1 between the first

-liquid recovery surface 31 and the front surface of the substrate P in the Z axial directions.

Thus, if the first liquid recovery surface 31 is spaced apart from the lower surface 6 with
respect to the fro_ht surface of the substrate P, then a step 35 is forrﬁed between the lower
surface 6 and the first liquid recovery surface 31. The step 35 is formed on the outer
sides of the ﬁfst member 7 with respect to.the optical path K of the exposure light EL.
Accordingly, a recessed part 36, which is recessed in the +Z direction with respect to the
front surface of the substrate P, is formed on the outer sides of the lower surface 6 with
respect to the optical path K of the exposure light EL. The recessed part 36 is defined

by part of the outer circumferential surface 28, the first liquid recovery surface 31, and
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the second liquid recovery surface 32.

The first drive apparatus 11 is capable of driving the first member 7 parallel to
(or along or in) at least the Z axial directions. In the embodiment, along with the
movement of the first member 7 in» the Z axial dire.ctions, the lpwer su,rface‘6 of the first
mem‘ber 7 moves in the Z axial directions. In another embodiment, the lower surface 6
of the first member 7 can mo»veAin the Z axial directions, along with a movement of the
first member 7 in other than the Z axial directions, along with a sﬁbstantially rotation of
the ﬁrsf me;_nber 7; or along with a deformation of the first member 7. As shown in FIG
2,in thé present embodiment,‘the first drive apparatus 11 comprises: drive mechanisms
11A, which are disposed on the first base plate 15 (the ﬁrst column 10A), that comprise

actuators, for example, voice coil motors; and connecting members 11B, each of which

" connects its corresponding drive mechanism 11A to the first member 7. The control

apparatus 3 is capable of moving the first member 7, which is connected to the
connecting members 11B, in both the +Z and —Z directions by operating the drive
mechanisms 11A. |

The second drive apparatus 12 is capable of driving the second member 9
parallel to (or along or in) at least the Z axial di.r_ections. independently of the first
member 7. In the embodiment, along with the movement of the secbnd member 9 in the
Z axial directions, the liqﬁid recovery port 8 (i.e., the liquid recovery surface 30) moves
in the Z axial directions. In another embodiment, the liquid recovery port 8 (i.e., the
liquid recovery surface 30) can move in the Z axial directions, alohg with a movement of
the secoﬂd member 9 in other than the Z axial directions, along with a substantially
rotation of the second member 9, or along with a deformation of the second member 9.
In the present embodiment, the second drive apparatus 12 comprises: a dﬁve mechanism

12A, which is disposed in the first base plate 15 (the first column 10A), that comprises
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actuators, such as voice coil motors; and a connecting member 12B that connects the
drive mechanism 12A and the second member 9. The control apparatus 3 is capable of
moving the second fnember 9, which is connected to the connecting member 12B, in both
the +Z and -Z directions by operating the drive mechanilsm 12A.

The control apbarafus 3 is capable of controlling the first dﬁve apparatus il and
the second drive apparatus 12. The control apparatus 3 can move thé lower surface 6
and the liquid recovery port 8 (i.e., the liquid recovery surface 30) relative to one another

in the Z axial directions by operating at least one of the following: the first drive

apparatus 11 and the second drive apparatus 12.

The control apparatus 3 can adjust the positional relatioﬁship between the lower
surface 6 and the front surface of the substrate P in the Z axial directions by operating the
first drive apparatus 11 and can adjust the positional relationship between the liquid
recovery port 8 (i.e., the liquid recovery surface 30) and the ﬁont surface of the substrate
P in the Z axial directions by operating the second drive apparatus 12. The adjustment
of the positional relationship between the lower surfacé 6 and the front surface of the
substrate P in the Z axial directions includes the adjustment of the distance A between the
lower surface 6 and the front surface of the substrate P in the Z axial directions. In
addition, the adjustment of the positional relationship between the liquid recovery port 8
(i.e., the liquid recovery surface 30) and the front surface of the substrate P in the Z axial
directions includes the adjustment of a distance B between the liquid recovery port 8 (i.e.,
the liquid recovery surface 30) and the front surface of the substrate P 1n the Z axial
directions. The adjustment of the distance B between the liquid recovery port 8 (i.e.,
the liquid recovery surface 30) and the front surface of the substrate P in the Z axial
directions includes at least one of the following: the adjustment of the distance B1

between the first liquid recovery surface 31 and the front surface of the substrate P in the
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Z axial directions; and the adjustment of the distance B2 between the third liquid

‘recovery surface 33 and the front surface of the substrate P in the Z axial directions.

In addition, the control apparatus 3 can adjust the positional relationship
between the emergent surface 5 and the lower surface 6 in the Z axial directions by
operating the first drive apparatus 11 and can adjust the positional relationship between
the emergent surface 5 and the liquid recovery port 8 (i.e., the liquid recovery surface 30)
inthe Z axial directions by operating the second drive apparatus 12. The adjustment of
the positional relationship between the emergent surface 5 and the lower surface 6 in the
Z axial directions includes the adjustment of a distance C betwéen the emérgent surface 5
and the lower surface 6 in the ZI axial directions. The adjustment of the positional
relationship between the emergent surface 5 and the liquid récovefy port 8 (i.e., the liquid
recovery surface 30) in thé Z axial directions includes the adjustment of a distance D
between the emergent surface 5 and the liquid recovery port 8 (i.e., the liquid recovery
surface 30) inbthe Z axial directions. In the present embodiment, the distance D
includes, in the Z axial difec_tions, the distance D1 betwéen the emergent surface 5 and
the first liquid recovery surface 31 and a distance D2 between the emergent surface 5 and
the third liquid recovery surface 33.

| In the present embodiment, the adjustment of the distance C between the
emergent surface 5 and the lower surface 6 in the Z axial directions includes the
adjustment of the distance A between the lower surface 6 and the front surface of the
substrate P in the Z axial directions. In addition, the adjustment of the distance D
between the emergent surface 5 and the liquid recovery port 8 (i.e., the liquid recovery
surface 30) in the Z axial directions includes the adjustment of the distance B between
the liquid recovery port 8 (i.e., the liquid recovery surface 30) and the front surface of the

substrate P in the Z axial directions. As discussed above, the position of the last optical
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element 4 of the projection optical system PL supported by the first base plate 15 is

substantially fixed." In addition, during, for example, the normal operation of exposing

. the substrate P, the front surface (the exposure surface) of the substrate P might be moved

in the Z axial, 6X, and 0Y directions so that it has a prescribed positional relationship -
wifh (i.e., coincides with) the image plane of the projection optical system PL; however;
that amount of movenient is extremely small. Namely, during the normal operation of
exposing the substrate P, the distance E between the emergent surface 5 and the front
surface of the substrate P in the Z axial airections is substantially determined in advance,
and the,émount of change in the distance E is extremely small. Accordingly, in the
present embodiment, the adjus_tment of the distance C between the emergent surface 5
and the lower surface 6 is substantially equal.to the adjustment of fhe distance A between
the lower surface 6 and the front surface of the substrate P; furthermore, the adjustment
of the distance D between the emergent surface 5 and the liqﬁid recovery port 8 (i.e., the
liquid recovery surface 30) is sﬁbstantially equal to the adjustment of the distance B
between the liquid recovery port 8 (i.e., the liquid recovefy surface 30) and the front
surface of the substrate P.

Thus, in the present embodiment, the control apparatus 3 can adjust the distance
A between the lower surface 6 and the front surface of the substrate P by adjusting the

distance C between the emergent surface 5 and the lower surface 6, and can adjust the

. distance B between the liquid recovery port 8 (i.e., the liquid recovery surface 30) and

the front surface of the substrate P by adjusting the distance D between the emergent
surface 5 and the liquid recovery port 8 (i.e., the liquid recovery surface 30).

In addition, the control apparatus 3 can adjust the positional relationship
between the lower surface 6 of the first member 7 and the first liquid recovery surface 31

of the second member 9 by operating at least one of the following: the first drive
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apparatus 11 and the second drive apparatus 12. The adjustment of the positional

relationship between the lower surface 6 and the first liquid recovery surface 31 in the Z
‘axial directions includes the adjustment of a distance F (the size of the step 35) between
the lowef surface 6 and the first liquid recovery surface 31 in the Z axial directions.

In th¢ state shown .in FIG. 5, the distance C is different from the distance D1 but
is equal to the distance D2. |

Furthermore,. in thé present embodiment, as shown in FIG. 5, tﬁe front surface of
the object (here, the subé&ate P) is disposed so that it is substantially paralle] to the XY -
plane and substantiélly'coincides with the image plane of the projection Optical system
PL; furthermore, the initial state is the state wherein the distance A and the distance B2
are equal and the distance A and the distanceb C are equal. Where api)ropriate in the
explanation below, in the initial state shown in FIG. 5, the distance A is called an initial
distance Ay, the distance B is called an initial distance By (wherein the distance B1 is
called an initial distancé B1y and the distance B2 is called an initial distance B2¢), the
distance C is called an initial distance Co, the distance D is called an initial distance Do
(wherein the distance D1 is called an initial distance D1y and the distance D2 is called an
initial distal_lce DZO), the distaﬁce Eis called an initial distance Ey, and the distancé Fis
called an initial distance Fj.

In the present embodiment, the first member 7 has liquid supply ports 37, which
supply the liquid LQ to the optical path K of the exposure light EL. The liquid supply
ports 37 are disposed in the vicinity of the optical path K and are capable of supplying
the liquid LQ to the optical path K. To form the immersion space LS, the liqﬁid supply
ports 37 are capable of supplying the liquid LQ to the space between the emergent
surface 5 and the lower surface 6 on one side and the front surface of the substrate P on

the other side.
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In the present embodiment, the liquid supply ports 37 each face a direction other
than the —Z direction. The liquid supply ports 37 are disposed in the first member 7 in
the vicinity of the optical path K of the exposure light EL so that they face the optical
path K.

In the present erhbodiment, the first member 7 is disposed around the optical
path K of the exposure light EL and has an upper surface 38 that opposes the émergent

surface 5 with a préscribed gap G3 interposed therebetween. In the present embodiment,

~ the upper surface 38 includes the upper surface of the lower plate part 24.  The upper

“surface 38 is flat and is substantially parallel to the XY plane. The upper surface 38 is

disposed around the opening 27. The liquid supply ports 37 are capable of supplying
thé liquid LQ to a space 39 between the emergent surface 5 and the upper surface 38. In
the present embodiment, the liquid supply ports 37 are disi)osed on opposite sides of the
optical path K in the Y axial directions (one on each side). In the explanation below, the
space 39 is called the internal space 39 where appropriate.

As shown in FIG. 2, the liquid supply ports 37 are connected to a liquid supply
apparatﬁs 41 via passageways 40. The liquid supply app‘aratus 41 comprises a
temperature adjusting apparatus and a flow control apparatus, which is called a mass
flow controller; furthermore, the liquid supply appafatus 41 is capable of feeding a
prescribed amount per unit of time of the liquid LQ, which is pure and temperature
adjusted. The liquid supply apparatus 41 is capable of controlling the amount of the
liquid LQ supplied per unit of time. Each passageway 40 comprises a supply |
passageway 40A, which is formed inside the first member 7, and a passageway 40B, -
which is formed from a supply pipe that connects the supply passageway 4OA and the
liquid supply apparatus 41.  The liquid LQ that is fed from the liquid supply apparatus

41 is supplied to each of the supply ports 37 through the corresponding passageway 40.
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The supply ports 37 supply the liquid LQ from the liquid supply apparatus 41 to the

optical path K.

The liquid recovery port 8 is connected to a liquid recovery apparatus 43 via a>
ﬁassageway 42. The liquid recovery apparatus 43 is capable of recovering the liquid
LQ by suctioning the liquid LQ using a vacuum system. The liquid recovery apparatus
43 can control the amount of the liquid LQ recovered per unit of time. The passageway
42 comprises a recovery passageway 42A, which is formed inside the second member 9,
and a passagewéy 42B, which is formed from a recovery pipe that connects the recovery
passageway 42A aﬁd the liquid recovery apparatus 43. In the presént embodiment, the
control apparatus 3 recovers the liquid LQ via the porous member 34 (i.e., the liquid
recovery surface 30) by operating the liquid recoVery appératus 43 to create a pressure
differential between the upper surface and the lower surface of the porous member 34.

The liquid LQ that is recovered from the liquid recovery surface 30 is recovered by the

- liquid recovery apparatus 43 through the passageway 42.

The control apparatus 3 controls the operation of the liquid supply apparatus 41
and the liquid recovery apparatus 43. The control appaiatus 3 is capable of adjusting
the amount of the liquid LQ supplied per unit of time via the liquid supply ports 37 by
controlling the liquid supply apparatus 41. In addition, the control apparatus 3 is
capable of adjusting the amount of the liquid LQ recovered per unit of time from the
liquid recovery port 8 by controlling the liquid recovery apparatus 43.

In the present embodiment, the control apparatus 3 can set the liquid supply

apparatus 41 to at least one of the following modes: a first mode that sets the amount of

- the liquid LQ supplied per unit of time from the liquid supply ports 37 to a first amount

that is less than the prescribed amount to be supplied; and a second mode that sets such

to a second amount that is greater than the prescribed amount to be supplied.



10

15

20

25

WO 2009/119898 PCT/JP2009/056843

27
Furthermore, a configuration may be adopted such that the amount of the liquid LQ

Supplied can be set ﬂexibiy.

In the present embodiment, the control apparatus 3 selects either the first mode
or the second mode in aécordance with contact angle information (e.g., receding contact
angle and hysteresis) of the liquid LQ at the front surface of the obj ect that opposes the
emergent surface 5. For example, the control apparatus 3 selects either the first mode or
the second mode in accordance with the contact angle of the liquid LQ at the front |
surface of the substrate P held by the substrate stage 2. In the présent embodiment, the
control apparatus 3 selects the first mode _if the receding contact angle of the liquid LQ at
the front surface of the substrate. P is relatively large (e.g., if the receding contact angle is
80° or greater) and selects th;a second mode if the receding contact angle of the liquid LQ
is relatively small (e.g., if the receding contact angle is less than 80°).

Furthérmore, the first mode or the second mode may be selected based on
information other than the contact angle information discussed above or may be selected
based on both the contact angle information discussed above and other infonﬁation.

| It may be necessary to consider, for example, the force (pressure) that the liquid
LQ exerts upon the last optical element 4 and/or the substrate stage 2 (the substrate P),
changes in the temperature of the liquid -LQ, and the like. Ensuring that the amount of
the liquid LQ supplied per umt of time from the liquid supply ports 37 is on the small
side can reduce the force (pressure) .of the liquid LQ that acts on the last optical element
4. In addition, ensuring that the amount of the liquid LQ supplied per unit of time from
the liquid supply ports 37 is on the small sidé also can reduce the force (pressure) of the
liquid LQ that acts on the substrate P or the substrate stage 2. Moreover, if the amount
of the liquid LQ supplied per unit of time from the liquid supply ports 37 is small, then

flow of the liquid LQ will be small, and consequently temperature changes (a
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temperature distribution) in the liquid LQ owing to, for example, irradiation by the
exposure light EL will tend to occur.

Ensuring that the amount of the liquid LQ supplied per unit of time froin the
liquid supply ports 37 is on the large side can prevent temperature changes (a
temperature distribution) in the liquid LQ i)wing to, for example, irradiation by the
exposure lig}it EL. Moreover, if the amount of the liquid LQ supplied per unit of time
from the liquid supply ports 37 is large, then there is a poSsibility that the force (;iressure)
exerted by the liquid LQ on the last optical element 4 and the substrate stage 2 (the
substrate P) will increase.

As shown in FIG. 3, in the present embodiment, the first member 7 has exhaust
ports 45, which bring the internal space 39 and an external space 44 (i.e., the ambient
environment) surrounding the first member 7 (i.e., the immersiori space LS) into
communication. The exhaust ports 45 are disposedvin the vicinity of the internal space
39 and are capable of exhausting the gas therein. In the present embodiment, tlie

exhaust ports 45 are provided on opposite sides (one on each side) of the optical path K

- in the X axial directions. The exhaust ports 45 are connected to exhaust passageways

46, which are formed inside the first member 7. - The openings 47 at the upper ends of
the exhaust passageways 46 are disposed at positions at which they can contact the gas in
the external space 44. The gas in the external space 44 can flow into the internal space
39 via the exhaust passageways 46, and the gas in ‘the internal space 39 can flow out to
the external space 44 via the exhaust passageways 46. In the present embodiment, the
gas can flow continuously back and forth between the internal space 39 and the external
space 44 (i.e., the atmospheric space), which is outside of the internal space 39, via the
exhaust passageways 46, and the internal space 39 is open to the atmosphere via the

same.
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In the present embodiment, the lower surface 6 of the first member 7 is lyophilic
with respect to the. liquid LQ. For example, the contact angle between the lower surface
6 and the liquid LQ is less fhan 40°, and is preferably less than 20°. The lower surface
6 is lyophilic with respect to the liquid LQ, and therefore can maintain contact with the
liquid LQ of the immersion space LS even if the substrate Pismoved inthe Xand Y
directions. The lower surface 6 maintains contact with the liquid LQ of the immersion
space LS during at least the exposure of the substrate P. F urthermore, there is no need
for the entire lower surface 6 te maintain contact with the liquid LQ; however, to
maintain the state whereia fhe optical path K is ﬁlled with the liquid LQ, at least part of
the lJower surface 6 should maintain contact with the liquid LQ.

- In addition, in the present embodiment, the emergent surface 5 and the lower
surface 6 can hold the liquid LQ between themselves and the front surface of the

substrate P; furthermore, at least part of the liquid recovery surface»30 can hold the liquid

.LQ between itself and the front surface of the substrate P. FIG. 2 and FIG. 5 show a

state wherein part of the liquid LQ on the substrate P is held between the substrate P on
one side and the lower surface 6 and part of the area of the liquid recovery surface 30 on

the other side. For example, during an exposure of the substrate P, the immersion space

LS is formed by the holding of the liquid LQ between the lower surface 6 and the liquid

- recovery surface 30 on one side and the front surface of the substrate P on the other side.

In the present embodiment, the immersion space LS is formed so that part of the
area (a local area) of the front surface of the substrate P, which is disposed at a position at
which it opposes ihe emergent surface 5 and the lower surface 6, is covered by the liquid
LQ, and an interface (i.e., meniscus or edge) LG of the liquid LQ in the immersion space
LS is formed between at least the front surface of the substrate P and the liquid recovery

surface 30. Namely, the exposure apparatus EX of the present embodiment adopts a
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local liquid immersion system wherein the immersion space LS is formed so that the part
of the area on the substrate P that includes the projection region PR of the projection
optical system PL is covered with the liquid L.Q during the exposure of the substrate P.

The following text explains ;method of using the exposure apparatus EX that
has the abovementioned configuration to perform an immersion exposure on the
substrate P. | |

The control apparatus 3 supplies the liquid LQ from the liquid supply ports 37 to
the optical path K. The liquid LQ that is fed from the liquid supply apparatus 41is
supplied to each liquid supply port 37 through the corresponding passageway 40. The
liquid supply ports 37 supply the liquid LQ to the internal space 39. Th¢ liQuid LQ
flows through the internal space 39 and the opening 27 into the space bet_Ween the lower
surface 6 and the front surface of the substrate P. In addition, at least part of the liquid
LQ flows into the space between the liquid recovery surface 30 and the front surface of
the substrate P.

In addition, in the present embodiment, the control apparatus 3 performs the
liquid recovery operation, wherein the liquid recovery port 8 (i.e., the liquid recovery
surface 30) is used, in barallel with performing thé liquid supply operatioﬁ, Wherein the
liquid supply ports 37 are used. At least part of the liquid LQ that.contactsA thé liquid

recovery surface 30 is recovered through the porous member 34, which forms the liquid

- recovery surface 30.  Thereby, the immersion space LS is formed so that the optical path

K between the emergent surface 5 of the last optical element 4 and the front surface of
the substrate P is filled with the first liquid LQ.

In the state wherein the immersion space LS has been formed, the control
apparatus 3 starts the exposure of the substrate P. A plurality of shot regions, which are

exposure target areas, are disposed as a matrix on the substrate P. To expose a first shot
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region on the substrate P, the control apparatus 3 exposes the first shot region through the

| projection optical system PL and the liquid LQ on the substrate P while moving the front

surface of the substrate P (the first shot region) in the Y axial directions with respect to

the last optical element 4. To start the exposure of a second shot region after the

“exposure of the first shot region on the substrate P is complete, the control apparatus 3

perforrhs an operaﬁon (stepping operation) wherein the front surface of the substrate P is |
moved in one of the X axial directions (or in a direction that is inclined with respect to
the X axial directions within the XY plane) in a state whereiﬂ the immersion si)ace LSis |
formed and then moves a second shot region to the exposure start position.
Furthermore, the control apparatus 3 starts the exposure of the second shot region.

The control apparatus 3 sequentially exposes a plurality of shot regions on the
substrate P by repetitively perfor_ming: a scanning expo.sure operation that exposes the-

current shot region while moving that shot region in the Y axial directions with respect to

the last optical element 4; and a stepping operation that, after the exposure of the current

shot region is complete, movés the next shot region to the exposure start position.

In the present embodiment, the temperature of the liquid LQ is monitored during
the exposures of the plurality of shot regions on the substrate P. In the present
embodiment, a temperature sensor capable of detecting the temperature of the liquid LQ
is disposed so that it is capable of contacting the liquid LQ in, for example, one of the
following locations: in the vicinity of the liquid supply ports 37; in one of the
passageways 40A; in the passageway 40B; in the vicinity of the liqilid recovery port 8; in
the passageway 42A; and in the passageway 42B. The control apparatus 3 uses that
temperature sensor to detect the temperature of the liquid LQ in the immersion space LS
during the exposures of the plurality of shot regions on the substrate P.

Based on the detection result of the temperature sensor, the control apparatus 3
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determines, for each of the shot regions, whether the temperature of the liquid LQ during
the exposure of the relevant shot region was within a permissible range that is prescribed
in advance. | In other words, the control apparatus 3 Veriﬁeé, for each of the shot regions,
whether the temperature of the liquid LQ during the exposure was within the permissible
range.

If the control apparatus 3 determines, based on the detection results of the
temperatufe sensor, that at least one's.hot region was exposed through the liquid LQ at a
temperature outside of the permissible range, then after the exposures of all shot regions
on thé substrate P are comi)lete and before that exposed substrate P is uﬁloaded from the
substrate stage 2, the control apparatus 3 uses the output apparatus 3D to output an error.
If an error is output, then the control apparatué 3 stops the operation of processing the A
substrate P and stands by until the temperature of the liquid'LQ returns to within the
permissible range. The control apparatus 3 uses the temperature sensor to monitor the
temperature of the liquid LQ during this standby time as well. When the control

apparatus 3 determines, based on the result of the temperature sensor, that the

‘temperature of the liquid LQ has returned to within the permissible range, the control

apparatus 3 resumes the operation of processing the substrate P.

' Furthermor@ the control apparatus 3 can also stop (interrupt) the operation of
processing the substrate P at the point in time it determines tilat the temperature of the
liquid LQ during the exposure of that substrate P is outside of the permissible range.

- In the present embodiment, the control apparatus 3 uses the first drive apparatus
11 and the second drive apparatus 12 to drive the first member 7 or the second member 9,
or both, in accordance with the supply conditions of the liquid LQ to adjust at least one
of the following: the positional relationship between the lower surface 6 and the front

surface of the substrate P in the Z axial directions; and the positional relationship
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between the liquid recovery port 8 (i.e., the liquid recovery surface 30) and the front

surface of the substrate P in the Z .axial directions. Furthermore, either the lower
surface 6 or the liquid recovery port 8 (i.e., the liquid recovery surfacc 30) may be moved
in accordance with the supply conditions of the liquid LQ); furthermore, both the lower
surface 6 and the liquid recovery surface 30 may be moved. In addition, both the lower
surface 6 and the liquid reéovery port 8 (i.e., the liquid recovery surface 3Q) mdy be
moved in the same direction (the +Z axial direction or the —Z axial direction) in>
-accordance with the supply conditions of the liqﬁid LQ); furthermore, the lower surface 6
and the liquid recovery surface 30 may be moved in opposite directions. In additibn, if

the lower surface 6 or the liquid recovery port 8 (i.e., the liquid recovery surface 30), or

. both, are moved in accordance with the supply conditions of the liquid LQ, then the

relative position between the lower surface 6 and the liquid recovery poﬁ 8 (i.e., the
liquid recovery surface 30) may change, or may not change.

The adjustment of the positional relationship between the lower surface 6 and
the front surface of the substrate P in the Z axial directions includes the adjustment of the B
distance A between the lower surfaée 6 and the front surface of the substrate P in the Z
axial directions. In addition, the adjustment of the pqsitional relationship between the
liquid recovery port 8 (i.e., the liquid recovery surface 30) and the front surface of the
substrate P in the Z axial diréctions includes the adjustment of the distance B between the
liQuid recovery port 8 (i.e., the liquid recovery surface 30) and the front surface of the
msubstrate P in the Z axial directions. In addition, the adjustment of the distance A
between the lower surface 6 and the front surface of the substrate P includes the
adjustment of the distance C between the emergent surface 5 and the lower surface 6, and
the adjustment of the distance B between the liquid recovery port 8 (i.e., the liquid |

recovery surface 30) and the front surface of the substrate P includes the adjustment of
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the distance D between the emergent surface 5 and the liquid recovery port 8 (i.e., the
liquid recovery surface 30). | |

In the present embodiment, the first drive apparatus 11 comprises a measuring
apparatus (not shown), which comprises an encoder system capable of measuring the
amount of drive generated by the drive mechanisms 11A in the Z. axial directions. The
measuring apparatus is capable of measuring the amount of movement-of the connecting
members 11B, which are connected to the ﬁrst member 7 and are driven by the drive
mechanisms 11A. The measuring apparatus is also capable of measuring the amount of
movement of the conﬁecting membérs 11B (the first member 7) with respect to a
prescribed reference pbsition in the Z axial directions. In the present embodiment, for
example, the émergent sﬁrface 5 of the last optical element 4 is used as this reference
position. The measuring apparatus measures the arhount of movément of the first
member 7 with respect to the emergent sﬁrface 5 of the last optical element 4 in the Z
axial directions. The encoder system of the measuring apparatﬁs comprises a scale
member and an encoder head that detects a scale (a grating) on .that scale member; in
addition, the position of the scaie member or the encoder head, or both, is fixed. The
scale member or the encoder head, or both, is disposed in a fixed member, the position of
which is fixed, such as the ﬁrst»base plate 15. Accordingly, the encoder system can
detect the position (the amount of movement) of the first member 7 with respect to that
fixed member. In addition, the proj ection optical system PL, which comprises the last
optical element 4, is supported by the first base plate 15, the position of which is fixed.
Accordingly, the measuring apparatus can derive both the amount of movement of the
first member 7, using the emergent surface 5 as the reference position, as well as the
position of the lower surface 6 of the first member 7 with respect to the emergent surface

5.
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In the present embodiment, the first drive apparatus 11 adjusts the position of the
lower surface 6 with respect to the emergent surface 5 in the Z axial directions based on
the measurement result of the measuring apparatus; namely, the first drivé apparatus 11
adjusts the distance C between the emergent surface 5 and the lower surface 6 and adjusts
the distance A between the lower surface 6 and the front surface of the substrafe P.

Similar to the first drive apparatus 11, the second drive apparatus 12 comprises a
measuring apparatus (not shown) that is capéblg of measuring the amount of drive of the
drive mechanism 12A.in the Z axial directions. The measuring apparatus is capable of
measuring the amount of movement of the connecting member 12B, which is connected
to the second member 9 TheAmeasuring apparatus measures the amount of movement
of the second member 9 in the Z axial directions using the emergent surface 5 of the last
opticai element 4 as a reference position.

In the present embodiment, the second drive apparafus 12 adjusts the position of
the liquid recovery port 8 (i.e., the liquid recovery surface 30) with respect to the |

emergent surface 5 in the Z axial directions based on the measurement result of the

" measuring apparatus; namely, the second drive apparatus 12 adjusts the distance D

between the emergent surface 5 and the liquid reqdvery port 8 (i.e., the liquid recovery
surface 30) and adjusts the distance B between the liquid recovery port 8 (i.e., the liquid
recovery surface 30) and the front surface of the substrate P. |
- The supply conditions of the liquid LQ that fills the optical path K of the
exposure light EL include the amount of the liquid LQ supplied per unit of time to the
optical path K. In the present embodiment, the supply conditions of the liquid LQ also
include the selected mode, namely the first mode or the second mode discussed above.
If one desires, for example, to decrease the amount of the liquid LQ supplied per

unit of time from the liquid supply ports 37, namely if the first mode is set, then the



10

15

20

25

WO 2009/119898 PCT/JP2009/056843

36

control apparatus 3 moves the first member 7 or the second member 9, or both, in the Z
axial directions so that the distance F between the lower surface 6 of the first member 7
and the first liquid recovery surface 31 is greater than the initial distance Fo. In.t.he
present embodiment, the second member 9 is movéd in the +Z direction as shown in FIG
6. Namely, the second merﬁber 9 is moved in the +Z direction so that the distance B
between the first liquid recovery surféce 31 and the substrate P is greater than the initial
distance Bg. If the substrate P is moved in the —Y direction with respect to the last
.optical element 4 as shown in FIG. 6, then the liquid LQ in the vicinity of the step 35
tends not to flow in the —Y direction. Moving the substrate P in the —Y direction
impedes any flow of the liquid LQ in tﬁe —Y direction that would be otherwise generated
betwee;n the 1ower surface 6 and the front surface of the substrate P as a result of the
pressufe loss at the step 35 (between the first liquid recovery surface 31 and the front
surface of the substratg: P). When the substrate P is moved in the —Y direction, a flow (a
vortex) of the liquid LQ is created, as shown by an arrow R1 in FIG. 6, in the vicinity of
the step 35, thereby preventing the interface LG of the liquid LQ from moving in the -Y
direction. Increasiﬁg the size of the distance B, and thereby increasing the size of the
step 35 (the distance F), more effectively prevents the interface LG of the liquid LQ from
moving in the Y direction. . As a result, the position of the surface (i.e., the air-liquid
interface or the meniscus) of the liquid LQ in the Z axial directions within the gap G1 is
prevented from moving in the —Z direction (i.e., the water level is prevented from falling).
Accordingly, the surface of the liquid LQ within the gap G1 can be maintained at a high
position.

If the amount of the liquid LQ supplied per unit of time from the liquid supply
ports 37 is small and the interface LG of the liquid LQ moves a long distance, then,

attendant with that movement of the interface LG, the position of the surface of the liquid
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LQ in the Z axial directions within the gap Gl will tend to move in the —Z direction.
Namely, the le§el (the water level) of the liquid LQ within the gap G1 will tend to
descend. 'As a result, the gap G1 may become ﬁlled with a gas, and bubble;s or voids, or
both, may mix with the liquid LQ between the last optical element 4 and the substrate P.

According to the present embodiment, if one desires to reduce the amount of the
liquid LQ supplied per unit of time from the liquid supply ports 37, then the intermixing
of bubbles or voids, or both, in the liquid LQ can be prevented by increasing the size of
the step 35 (i.e., the distance F).

Furthermore, in the example shown in FIG 6, the distance F (i.e., the step 35) is
increased by the movement of the second member 9 in the +Z direction; however, as
shown in FIG. 7, the ﬁrst member 7 may instead be lowered.in the —Z direction. As
dfscussed above, if the amount of the liquid LQ supplied per unit of time from the liquid
supply ports 37 is small, then fhe position of the surface of the liquid LQ within the gap
G1 tends to move in the —Z direction; however, making the disﬁnce A smaller than the
initial distance Ag increases the loss of pressure between the lower surface 6 of the first
fnember 7 and the front surface of the sulbstrate P and, in turn, prevents the movement of
the interface LG of the liquid LQ much ﬁlore effectively. Accordingly, the level of the
liquid LQ within the gap G1 is prevented from descending, which makes it possible to
maintain the surface of the liquid LQ at a high position. If the first member 7 is moved
in the —Z direction, then the distance F becomes greater than the initial distance Fo;
consequently, the second member 9 does not have to be moved as shown in FIG. 7, or the
second member 9 may bé moved in the —Z direction or in the +Z direction, which is the
opposite direction to the direction of movemenf of the first member 7.

Furthermore, if the first mode is set, then by merely lowering the first member 7

and thereby making the distance A smaller than the initial distance Ay, the distance F
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becomes larger than the initial distance Fy and no further action is required to increase the
size of the distance F. Namely, the distance A may be made substantially the same as
the distance B2 or smaller than the distance B2.

In addition, if one desires, for example, to increase the amount of the liquid LQ
supplied per unit of ﬁme from the liquid supply ports 37, namely if the second mode is
set, then, as shown in FIG 8, the control apparatus 3 moves the first member 7 in the +Z
direction so that‘ the distance A between the lower surface 6 and the front surface of the
substrate P is greater than the initial distance Ap. If the amount of the liquid LQ

| supplied per uixit of time from the liquid supply ports 37 has been increased in the state
wherein the distance A is small, namely in the state wherein the space between the lower
surface 6 and the front surface of the substrate P is smali, then, for exarﬁpleé the position
'of the surface of the liquid LQ within the gap G1 might move in the +Z direction (i.e., o
the air-liquid interface may rise), thereby causing the l_iquid LQ to overflow the upper
end of the gap G1. |

Accbrding to the present embodiment, if the second mode is set, then the liquid
LQ can be prevehted from overflowing the gap G1 by moving the first member 7 in the
'+Z direction so that the pressure loss between the lower surface 6 and the front surface of
the substrate P decreases. In addition, moving the first member 7 in the +Z direction
makes the distance F smaller than the initial distance Fy, which reducés the pressure loss .
.at the step 35; fﬁrthermore, attendant with the movement of the substrate P in the -Y
axial direction, the interface LG of the liquid LQ tends to move in the —Y direction.

The level of the liquid LQ in the gap G1 is theréby prevented from rising, and, in turn,
the liquid LQ can be prevented from overflowing the upper end of the gap G1. In
addition, because, in such a case, the gap G2 would alsb increase in size, at least part of

the liquid LQ in the immersion space LS will tend to flow into the gap G2 when the
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substrate P moves; in this way, too, the liquid LQ can be prevented from overflowing the
upper end of the gap G1.

Furthermore, in the example showﬁ in FIG. 8, the first member 7 may be moved
in the +Z direction and the second member 9 may be lowered in the —Z direction.
Natﬁely, by lowering the second member 9 in the —Z directjon, the distance F may be
further reduced. As discussed above, if the amount of the liquid LQ supplied per unit of
time from the liquid supply ports 37 is large, then the liquid LQ will tend to overflow the
upper end'of the gap G1; however, reduéing the distance F in turn reduces the pressure
loss at tﬁe step 35, which, in turn, can prevent the liquid LQ from overflowing the upi)er
‘end éf the gé.p_ Gl1. In_addition, because the distance B2 between the third liquid
recovery surface 33 and the front surface of the substrate P decreases, namely bécause
the third liquid recovery surface 33 apprdaches the front surface of the substrate P, any of
the liquid LQ that has formed as a thin film or a droplet on the substrate P can also be
collected by the third liquid recovery surface 33.

Furthermore, if the second mode is set, then, merely by raising the first member
7 and making the distance A larger than the initial distance Ay, the distance F does not _
have to be made smaller than the initial distance F.

In addition, if the second mode is set, then the first member 7 does not have to
be moved in the +Z direction, namely the distance C (and, in turn, the distance A) does
not need to be modified from its initial state as shown in FIG. 5, and it suffices mérely to
make the distance F between the lower surface 6 of the first member 7 and the first liquid
recovery surface 31 of the second member 9 smaller than the initial distance Fo, as shown
in FIG. 9. In this case, the pressure loss at the step 35 decreases, which makes it
possible to prevent the liquid LQ from flowing out of the upper end of the gap GI. In

addition, because, in this case, the distance B2 between the third liquid recovery surface
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33 and the front surface of .the substrate P is smaller than the initial distance B2, any of
the liquid LQ that has formed as a thin film on the substrate P can also be collected by
the third recovery surface 33, as shown in FIG. 9.

Furthermore, with or without taking the supply conditions of the liquid LQ ipto
consideration as discussed above, at least one of the following may be adjusted in
accordance with the movement conditions éf the substrate P: the positional relationship
betweeﬁ the lower surface 6 and the front surface of the substrate P in the Z axial
directions; and the positional relatioﬁship between the liquid recdvery port 8 (i.e., the
liquid recovery surface 30) and the front surface of the substrate P in the Z axial
directions. The movement conditions of the substrate P include the movement
velocities of the substrate-P within the XY plané. The movement velocities of the
substrate P within the XY plane include, for example, the movement Velocity of the
substrate P in the Y axial directions during a scanning exposure' and the movement
velocity of the~ substrate P in the X axial directions (or in the directions inclined with
respect to in the X axial directions>within the XY plane) during the stepping operation.

In addition, the movement conditions of the substrate P include linear distances of

continuous movement of the substrate P in a prescribed direction within the XY plane.

The linear distances of continuous movement of the substrate P in the prescribed
direction within the XY plane include, for example, the linear distance of continuous
movement of the substrate P in the Y axial directions during the scanning exposure
operation and the linear distance of continuous movement of the substrate P in the X
axial directions (or in the directioné inclined with respect to the X axial directions within
the XY plane) during the stepping operation.

If, for example, the substrate P is moved at high speed in the —Y direction with

respect to the last optical element 4, or if the substrate P is moved linearly for a long
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distance in the —Y direction, then the control apparatus 3 moves the ﬁrst member 7 and
the second member 9 in the —Z direction; thereby, the distance C between the emergent
surface 5 and the lo§ver surface 6 is made‘lal'rger than the initial distance Cy, the distance
A between the léwer surface 6 and the fropt surface of the substrate P is made smaller
than the initial distance Ao, and the distance B2 between the third liquid recovery surface
33 and the front surface of the substrate P is made smaller than the initial distance B2,.
Thereby, the pressure loss between the lower surface 6 and the front surface of ;[he
substrate P increases, which makes it possible to prevent the interface LG of the liquid
LQ from mo{/ing attendant with the movement of the substrate P In addition, becausé
the distance B2 between the third liqliid recovery-surface 33 and the front surface of the |
substrate P is small, the liquid LQ on the substrate P forms, for example, a thin film or a
droplet, and this liquid LQ can also be collected by the third liquid 'recovery surface 33.
Furthermore, the first member 7 and the second member 9 may be lowered such that the
distance F between the lower surface 6 and the first liquid recovery surface 31 becomes
greater than the initial distance Fo. Thereby, the pressure loss owing to the step 35
between the lower surface 6 and the first liquid recovery surface 31 increases, which
makes it possible to more effectively prevent the interface LG of the liquid LQ from
moving as the substrate P moves. Thus, by moving the first member 7 or the second
member 9, or béth, m the Z axial directions in accordance wuh the movement conditions
of the substrate P, the liquid LQ can be prevented from leaking out of the space between
the first member 7 and the second member 9 on one side and the substrate P on the other
-side, and the liquid LQ (i.e., the film, the droplet, or the like of the liquid LQ) can be
prevented from remaining on the front surface of the substrate P.
In addition, in the examples explained referencing FIG. 6 through FIG. 9, the

positions of the lower surface 6 and the liquid recovery surface 30 are fixed during the
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exposure of a single substrate P; however, the lower surface 6 or the liquid recovery

surface 30, or both, may move in the Z axial directions during the exposure of a single

~ substrate P. For example, because the movement conditions of the substrate P change

during its exposﬁre, the lower surface 6 or the liquid recovery surface 30, or both, may
move in the Z axigl directions in accordance with the various movement conditions.

In addition, the distance A between the lower surface 6 and the front surface of
the substrate P in the Z axial directions or the distance B between the liquid re(‘;overy ;;qrt_
8 (i.e., the liquid recoyery surface 30) and the front surface of the substrate P, or both,
may be adjusted by moving the first member 7 or the second merﬁber 9, or both, in the Z
axial directions in accordance with the distance E betWeeh the emergent surface 5 of the
last optical elefnent 4 and the front surface of the substrate P in the Z axial directions.

For example, if the front surface of the substrate P is moved in the +Z direction
and the distance E decreases as shown in FIG. 10, then the control apparatus 3 adjusts the
positions of the lower surface 6 and the liquid recovery surface 30 so that the distance A
between the lower surface 6 and the front sufface of the substrate P and the distance B
between the liquid recovery surface 30 and the front surface of the substrate P increase.
Moving the front surface of the substrate P in the +Z direction and reducing the distance
E, however, creates the possibility that the lower surface 6 and the liquid recovery
surface 30 will contact the front surface of the substrate P. For example, the distance E
may decrease as a result of an operational error of the substrate stage 2 that holds the
substrate P. By adjusting the positions of the lower surface .6 and the liquid contact
sﬁrface (liquid recovery surface 30) in the Z axial directions in accordance with the
distance E, however, the lower surface 6 or the liquid recovery surface 30, or both, can be
prevented from contacting' (colliding with) the substrate P. In the present embodiment,

the position of the front surface of the substrate P is detected by the detection system 50,
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and theréfore, the control apparatus 3 can use the detection system 50 to detect the
position of the front surface of the substrate P and, based on that detection result, can
adjust the position of the lower surface 6 or the liquid recovery surface 30, or both; and
thereby prevent the iower surface 6 and the liquid recovery surface 30 from contacting
the subétrate P—even if, for example, an operational error occurs in the substrate stage 2.
In addition, as a result of, for example, an operational error of the substrate stage
2, the front surface of the substrate P ﬁiight move in the —Z direction and thereby increase
thé distance E Insucha cése, too; .the control apparatus 3 can adjust the distance A
between the lower surface 6 and thev front surface of the substrate. P or the distance B
between the liquid recovery surface 30 and the front surface of the substrate P, or both, m -
accordance with the distance E. For example, if the front surface of the substrate P
moves in the —Z direction and theAdistance E thereby increases, then the control apparatus

3 moves the ﬁrst member 7 and the second member 9 in the —Z direction so that the

~ distance A between the lower surface 6 and the front surface of the substrate P and the

distance B between the liquid recovery surface 30 and the front surface of the substrate P
both decrease. Thereby, even if the front surface of the substrate P moves in the —Z
direption, ‘;he position of the lower surface 6 is adjusted so that the liquid LQ. can be
satisfactorily held between the lower surface 6 and the front surface of the substrate P
and the position of the liquid recovery surface 30 is adjustéd so that the liquid LQ on the
substrate P can be satisfactorily recovered.

Furthermore, the examples explained referencing FIG. 6 through FIG. 10 were
for cases wherein the substrate P is disposed at the exposure position; however, as
discussed abové, there are also cases wherein an object other than the substrate P is
disposed such that it opposes the lower surface of the first member 7 and the liquid

recovery surface 30 of the second member 9. For example, part (an upper surface 2T)
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of the substrate stage 2 may be disposed at a position at which it opposes the first
member 7 and the second member 9. In this case, too, by adjusting the position of the
lower surface 6 or the liquid recovery surface 30, or both, in acéordance w1th the
movement conditions of the substrate stage 2 or the supply condiﬁons of the liquid LQ,
or both, it is possible to prevent the liquid LQ from leaking out, remaining behind, and
the like. Furthermore, the position of thé lower surface 6 or the liquid recovery surface
30, or both, may be modified to match the object that opposes the lower surface 6 and the
liquid recovery surface 30. For example, if both the substrate P aﬁd the upper surface
2T of the substrate stage 2 oppose the lower surface 6 and the liquid recovery surfacé 30,
then the position of the lower surface 6 or the liquid recovery surface 30, or both, may be
differeﬁt. |

In éddition, for example, a member that is thicker than the substrate P might be
held by the substrate holding part 2H. Alternatively, a member (e.g., a rnéasuring
member) might be disposed on the upper surface 2T of the substrate stage 2 at a position
that is higher than the front surface of the substrafe P held by the substrate holding part
2H. For example, there are cases wherein a substrate type measuring member (e.g., a
temperature sensor), which, while its outer diameter is substantially the same as that of
the substrate P, is thicker than the substrate P, is held by a substrate stage. The distance
between the front surface of such a member and the emergent surface 5 is smaller than
the initial distance Eg, and consequently the lower surface 6 or the liquid recoVery surface
30, or both, might contact the member. In such a case, too, by adjusting the positional

relationship (the distance) between the lower surface 6 and the front surface of the

“member or the positional relationship (the distance) between the liquid contact surface

(liquid recovery surface 30) and the front surface of the member, or both, in accordance

with the distance between the emergent surface 5 and the front surface of the member in
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the Z axial directions, the lower surface 6 or the liquid recovery surface 30, or both, can

be prevented from .contacting (colliding with) the member. The detection system 50 can

detect the position of the front surface of the member, and therefore the control apparatus

3 can move the lower surface 6 or the liquid recovery surface 30, or both, based on the
detection result of that detection system 50.

In addition, if the éxposure‘ apparatus EX is an exposure apparatus that
comprises a moveable substrate stage, which holds the substrate P, and a measurement
stage, which does not hold the substrate to be exposed and whereon various photoelectric
sensors or a fiducial member wherein a fiducial mark is formed, or both, are mounted,

then the measurement stage is disposed at the exposure-position, as disclosed in, for

. example, U.S. Patent No. 6,897,963. In this case, the lower surface 6 or the liquid

recovery surface 30, or both, can be moved in accordance with the movement conditions
of the measurement stage or the supply conditions of the liquid LQ, or both.

Furthermore, when the lower surface 6 or the liquid recovery surface 30, or both,
are moved in the Z axial directions, the control apparatus 3 can move—based on the
measurement results of the measuring apparatus of the first drive apparatus 11 and the
measuring apparatus of the second drive apparatus 12—the first member 7 or the second
member 9, or both, so that the last optical element 4 and the first member 7 are prevented
from contacting one another, and the first member 7 and the second membef 9 are
prevented from contacting one another.

Furthermore, in the embodiments discussed above, the immersion system
comprises both the first drive apparatus 11 and the second drive apparatus 12, but it may
comprise just one of these, as long as the relative positional relationshiﬁ between the
lower surface 6 of the first member 7 and the first liquid recovery surface 31 of the

second member 9, namely the distance F (the size of the step 35) between the lower
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surface 6 and the first liquid recovery surface 31, in the Z axial directions is adjusted.
In addition, in the embodiments discussed above, a configuration is adopted
wherein two members (the first member 7 and the second member 9) can be moved

independently in the Z axial directions, but-a configuration may be adopted wherein three

- or more members can be moved independently in the Z axial directions. For example, a

configuration may be adopted wherein rather than providing th¢ third liquid recdvery
surface 33 to the second member 9, a third member is provided that is different from the
second member 9, and the first member 7, the second member 9, and the third member |
can be moved independently in the Z axial directions.

In addition, in each of the embodiments discussed above, a configuration may be

adopted wherein the first member 7 or the second member 9, or both, can move parallel

. to the XY plane.

In addition, in the embodiments discussed above, "shaped annular" can also
include various shapes, such as a rectangular annular shape, a circular ring shape, and a
polygonal annular shape.

As explained above, the present embodiment, by preventing the liquid LQ from
becoming entrained with bubbleé, leaking out, or remaining behind, can prevent exposure
failures from occurring. In addition, the travel speed of the substrate P can be increased
while at the same time preventing exposure failures from occurring. Accordingly,
satisfactory devicés can be fabricated with good productivity.

Furthermore, in the embodiments discussed above, the optical path K on the

emergent (image plane) side of the last optical element 4 of the projection optical system

- PL is filled with the liquid LQ; however, it is possible to use a projection optical system

PL wherein the optical path on the incident (object plane) side of the last optical element

4 is also filled with the liquid LQ as disclosed in, for example, PCT International
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Publication No. W02004/019128.

Furthermore, in each of the embodiments discussed above, water is used as the
liquid LQ, but a liquid other than water may be used. For example, it is also possible to
use hydro-fluoro-ether (HFE), perfluorinated polyether (PFPE), Fomblin oil, or the like
as the liquid LQ.

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

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

Furthermore, when performing an exposure with a step-and-repeat system, the
projection optical system PL is used to transfer a reduced image of a ﬁrst pattern onto the
substrate P in a state wherein the first pattern and the substrate P are substantially
stationary, after which fhe proj ection optical system PL may be used to perform a
fuil-ﬁeld exposure of the substrate P, wherein a reduced image of a second pattern
partially superposes the transferred first pattern in a state wherein the second pattern and
the substrate P are substantially stationary (as in a stitching type full-field exposure
apparatus). In addition, the stitching type exposure apparatus can also be adapted to a

step-and-stitch type exposure apparatus that successively steps the substrate P and
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transfers at least two patterns onto the substrate P so that they are partially superposed.
In addition, the present invention can also‘be adapted to, for example, an

exposure apparatus that combines on a substrate the patterns of two masks through a

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

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

U.S. Patent No. 6,611,3 16. In addition, the present invention can also be adapted to, for
example, a proximity type exposure apparatus and a mirror proj ection aligner.

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

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

Furthermore, in each of the embodiments discussed gbove,’ the positions of the
mask stage 1 and the substrate stage 2 are measured using an interferometer system that
comprises laser interferométérs, but the present invention is not limited thereto; for
example, an encoder system may be used that detects a scale (diffraction grating)
provided to éach of the stages 1, 2. In this case, a hybrid system that comprises both the
interferometer system and the encoder system may also be adopted.

In addition, in each of the embodiments discussed above, an ArF excimer laser
may be used as a light source apparatus that generates ArF excimer laser light, which

serves as the exposure light EL; however, as disclosed in, for example, U.S. Patent No.
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7,023,610, a harmonic generation apparatus may be used that outputs pulsed light with a
wavelength of 193 nm and that comprises: an optical amplifier part, which has a solid
state laser light source (such as a DFB semiconductor laser or a fiber laser), a fiber
amplifier, and the like; and a wavelength converting part. Moreover, in the
abovementioned embodiments, both the illumination region IR and the pfoj ection regioﬁ
PR are rectangular, but they may be some other shape, for example, arcuate.

Furthermore, in each of the embodiments discussed above, an optically

transmissive mask is used wherein a prescribed shielding pattern (or phase pattern or

dimming pattern) is formed on an optically transmfssive substrate; however, instead 6f
such a mask, a variable pattern forming mask (also called an electronic mask, an active
mé.sk, or an image generator), wherein. a transniissi\{e pattern, a reflective pattern, or a.
light emitting pattern is formed based on electronic data of the pattern to be exposed,
may be used aé disclosed in, for example, U.S. Patent No. 6,778‘,257. The variable
pattern forming mask corﬁpriseé a digital micromirror device (DMD), which is one kind
of a non-emissive type image dispiay device (spatial light modulator). In addition,_
instead of a Vaﬁable pattern forming mask that pomprisés a non-emissive type image
display device, a paﬁem forming apparatus that comprises a seif luminous type image
display device may be provided. Examples of a self luminous type image display
device.include a cathode ray tube (CRT), an inorganic electroluminescence display; an
organic electroluminescence display (OLED: organic light emitting diode), an LED
display, a lasér diode (LD) display, a field emission display (FED), and a plasma display
panel (PDP).

Each of the embodiments discussed above explained an exemplary case of an
exposure apparatus that comprises the projection optical system PL, but the present

invention can be adapted to an exposure apparatus and an exposing method that do not
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use the projection optical system PL. Thus, even if the projection optical system PL is
not psed, the exposure light can be radiated to the substrate P through optical members,
such as lenses, and an immersion space can be formed in a pres_cribed‘space between the
substrate P and those optical members.

In addition, by forming interference fringés on the substrate P as disclosed in,
for example, PCT International Publication No. W02001/035168, the present invention
can also be adapted to an exposure apparatus (a lithographic system) that exposes the
substrafe p with a line-and-spéce pattern.

As described above, the exposure apparatus EX of the present embodiment is
manufactured by assembling various subsystems, as well as each constituent element, so
that prescribed mechanical, electrical, and optical accuracies are maintained. To ensure
these various accuracies, adjustments are performed before and after this aséembly,
including an adjustment to achieve optical accﬁracy for the various optical systems, an
adjustment to achieve mechanical accuracy for the various mechanical systems, and an.
adjustment to achieve electrical accuracy for the various electrical systems. The process
of assembling the expoéure apparafus EX from the various subsystems includes, for
exampie, the mechanical interconnection of the various subsystems, the wiring and
connection of electrical circuits, and the piping and connection of the atmospheric
pressure circuit. Naturally, prior to performing the process of assembling the exposure
apparatus EX from these various subsystems, there are also the processes of assembling
each individual subsystem. When the process of assembling the exposure apparatus EX
from the various subsystems is complete, a comprehensive adjustment is performed to |
ensure the various accuracies of the exposure apparatus EX as a whole. Furthermore, it
is preferable to manufacture the exposure apparatus EX in a clean room wherein, for

example, the temperature and the cleanliness level are controlled.
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As shown in FIG. 11, a micro-device, sﬁch as a semiconductor device, is
manufactured by: a step 201 that designs the functions and performance of the
micro-device; a step 202 that fabricates Va mask (a reticle) based on this designing step; a
step 203 that manufactures a substrate, which is the base material of the device; a
substrate processing step 204 that comprises a substrate process (exposure process) that
includes, in accordance with the embodiments discusséd above, exposing the substrate
with the epréure light using the mask pattern and developing the 'exposéd substrate; a
device assembling step 205 (which includes fabrication proéesses such as dicing,-
bonding, aﬁd pack_égihg pro.cesses);‘an inspécting step 206; and the like.

Furthermore, the features of each of the embodiinents discussed above can be
appropriately combined. There can also be cases whereiﬁ some of the constituent
elements are not used. In addition, each disclosure of every patent publication and
U.S. patent related to the exposure apparatus recited in each of the embodiments,
modified examples, and the like discussed above is hereby incorporated by reference in
its entirety to the extent permitted by the national laws and regulations designated by the

present application.
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CLAIMS

1. An immersion system used in an immersion exposure, comprising:
a first member, which is disposed around an optical path of exposure light and

has a first surface that faces in a first direction, the optical path between an optical

-member and a substrate being filled with a liquid,. a space between the first surface and a

front surface of an obj ect beingﬁcapable ‘of holding a liquid;

a second mérrfbér that haé a liciﬁid fecofzery port, which is disposed on the outer
side of the first surface with respect to the optical path of the exposure light, at least part
of a liquid between the liquid recovery port and the front surface of the dbj ect being
recovered via the liquid recovery port;

a first drive apparatus that is capable of moving the first member in at least the
first direction; and |

a second drive apparatus that is capable of moving the second member in at least

the first direction independently of the first member.

2. An immersion system according to claim 1, wherein

at least one of: a positional relationship between the front surface of the object
and the first surface in the first direction; and a positional relationship between the front
surface of the object and the liquid recovery port in the first direction is adjusted in

accordance with a movement condition of the object.

3. An immersion system according to claim 2, wherein

the first surface and the liquid recovery port are moved relative to one another in
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accordance with the movement condition of the object.

4, An immersion system according to claim 2 or claim 3, wherein
the movement condition includes a movement velocity of the objectina

direction substantially parallel to the first surface.

5. An immersion system according to any one of claims 2 through 4, wherein -
the movement condition includes a linear distance of continuous movement of

the object_in a direction substantially parallel to the first surface.

6. An immersion system according to any one of claims 1 through 5, wherein
during the movement of the object in a direction substantially parallel to the first
surface, at least one of the first surface and the liquid recovery port is moved in the first

direction.

7. An immersion system according to any one of claims 1 through 6, wherein

at least one of: a positionalbrelationship between the front surface of the object
and the first surface in the first direction; and a positiénal relationship between the front
surface éf the object and the liquid recovery port in the first direction is adjusted in

accordance with a supply condition of the liquid.

8. An immersion system according to claim 7, wherein

the supply condition includes an amount of liquid supplied per unit of time.

9. An immersion system according to any one of claims 1 through 8, wherein
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at least one of: a positional relationship between the front surface of the object
and. the first surface in a direction paralle] to the first direction; and a positional
relationship between the front surface of the object and the liquid recovery port in the
first direction is adjusted in accordance with a distance between the emergent surface of

the optical member and the front surface of the object in the first direction.

10. An immersion system according to any one of claims 1 through 8, wherein
a distance between an emergent surface of the optical member and the first
surface in the first direction is different from a distance between the emergent surface and

the liquid recovery port in the direction paré.llel to the first direction.

11. An immersion system according to claim 10, wherein

at least one of: a position of the first surface in the first direction; and a position -
of the liquid recovery port in the first direction is adjusted so that a distance between the

front surface of the object and the liquid recovery port is greater than the distance

 between the front surface of the object and the first surface.

12. An immersion system according to any one of claims 1 through 11, wherein
the liquid recovery port includes a first liquid recovery area and a second liquid
recovery area, which is disposed on the outer side of the first surface with respect to the

optical path of the exposhre light.

13. An immersion system according to claim 12, wherein
at least one of the first liquid recovery area and the second liquid recovery area

includes a front surface of a porous member, and



10

15

20

25

WO 2009/119898 PCT/JP2009/056843

35

at least part of the liquid between the liquid recovery port and the object is

recovered via the porous member.

14.

An immersion system according to claim 12 or claim 13, wherein
the first liquid recovery area faces in the first direction, and

at least part of the second liquid recovery area faces in a direction other than the

first direction.

15. An exposure apparatus according to any one of claims 1 through 14, wherein
the first member has a liquid supply port that supplies the liquid to the optical

path, and
the liquid supply port faces in a direction other than the first direction.

16. An immersion system according to any one claims 1 through 15, wherein
the first member is disposed around the optical path.

17. An immersion system according to any one of claims 1 through 16, wherein
the second member is disposed around the optical path.

18. An immersion system according to claim 17, wherein
the liquid recovery port is disposed around the optical path.

19. An immersion system according to any one of claims 1 through 18, wherein

the object includes the substrate.
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20. An immersion system used in an immersiop exposure, comprising:
~a first member, which is disposed around an optical path of exposure light and
has a first surface that faces in a first direction, the optical path between an optical
member and a substrate being filled with a liquid, a space between the first surface and a
5 | front surface of an object being capable of holding a liquid;

- a second member that has a liquid recovery port, which is dispbsed on the outer
side of the first surface with respect to the optical path of the exposure light, at least part
of a liquid between the liquid recovery port and the front surface of the object being
recovered via the liquid recovery port; and

10 a drive apparatus that is capable of controlling a relative movement between a
first member and a second member in at least thé first direction;

wherein,

the liquid recovery port has a first recovery area and a second recovery area,
which is disposed on the outer side of the first surface with respect to the optical path of

15  the exposure light,

a distance between a front surface of the object and the first recovery area in the
first direction is greater than a distance between the front surface of the object and the
second recovery area in the first direction, and

a positional relationship between the first recovery area and the first surface in

20  the first direction can be adjusted.

21. An immersion system according to claim 20, wherein
at least one of the first liquid recovery area and the second liquid recovery area
includes a front surface of a porous member, and

25 at least part of the liquid between the liquid recovery port and the object is
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recovered viathe porous member.

22. An immersion system according to claim 20 or claim 21, wherein
the first liquid recovery area faces in the first direction, and -
at least part of the second liquid recovery area faces in a direction other than the

first direction.

23. Animmersion system according to claim 20 or claim 21, wherein

the first liquid recovery area and at least part of the second liquid recovery area

- are substantially parallel.

24, An exposure apparatus that exposes a substrate with exposure light through a
liquid, comprising:

an immersion system according to any one of claims 1 through 23.

25. A device fabricating method, comprising:
exposing a substrate using an exposure apparatus according to claim 24; and

developing the exposed substrate.

26. - Anexposing method that exposes a substrate with exposure light through a

liquid, the method comprising:

filling an optical path of the exposure light between the optical member and the
substrate with the liquid using an immersion system according to any.one of claims 1
through 23; and

radiating the exposure light to the substrate through the optical member and the
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liquid.

217. A device fabricating method, comprising:
exposing a substrate ’using an exposing method aécording to claim 26; and

developing the exposed substrate.
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