
US 20050219488A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2005/0219488A1 

Nei et al. (43) Pub. Date: Oct. 6, 2005 

(54) EXPOSURE APPARATUS AND METHOD Aug. 20, 2003 (JP)...................................... 2003-296.491 
FOR PRODUCING DEVICE 

Publication Classification 
(75) Inventors: Masahiro Nei, Yokohama-shi (JP); 

Naoyuki Kobayashi, Fukaya-shi (JP); (51) Int. Cl." ..................................................... G03B 27/42 
Dai Arai, Kita-ku (JP); Soichi Owa, (52) U.S. Cl. ................................................................ 355/53 
Kumagaya-shi (JP) 

Correspondence Address: (57) ABSTRACT 
OLIFF & BERRIDGE, PLC 
P.O. BOX 19928 
ALEXANDRIA, VA 22320 (US) An exposure apparatuS eXposes a Substrate P by locally 

filling a side of an image plane of a projection optical System 
PL with a liquid 50 and projecting an image of a pattern onto 73) AS : NIKON CORPORATION TOKVO (JP C pro 9. 9. p (73) signee: N N N, Tokyo (JP) the Substrate P through the liquid 50 and the projection 

(21) Appl. No.: 11/141,090 optical System PL. The exposure apparatus includes a recov 
9 ery unit 20 which recovers the liquid 50 outflowed to the 

(22) Filed: Jun. 1, 2005 outside of the substrate P. When the exposure process is 
performed in accordance with the liquid immersion method, 

(30) Foreign Application Priority Data the pattern can be transferred accurately while Suppressing 
any environmental change even when the liquid outflows to 

Dec. 10, 2002 (JP)...................................... 2002-357958 the outside of the Substrate. 

EX 

IL 
MSTD 

M 

MST EL- STAGE5RivNG 
... -Ax Y- UNIT 

3 1 
2 PL LIGUID 

SUPPLY 
UNIT 

LOUID 
RECOVERY UNIT 60 

(SECOND 55 
2021) CONTROL CONT 

Y 121 P UNIT 
51 2. 
52 

Z 53 
STAGE-DRIVING 

UNIT 

Y X 
PSTD 

  

  

  



CJLSCH 

89 

US 2005/0219488A1 

LIN[] ·LNOO^T TO-LNOO 

CINO OES) 

LIN[] „WTldoBTIS 

I º 6 TJ 

Patent Application Publication Oct. 6, 2005 Sheet 1 of 13 

  

  

  





Patent Application Publication Oct. 6, 2005 Sheet 3 of 13 US 2005/0219488A1 

Fig. 3 
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Fig. 5 
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Fig. 8 

  



Patent Application Publication Oct. 6, 2005 Sheet 8 of 13 US 2005/0219488A1 

Fig. 9A 
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EXPOSURE APPARATUS AND METHOD FOR 
PRODUCING DEVICE 

CROSS-REFERENCE 

0001. This application is a Continuation Application of 
International Application No. PCT/JP03/015666 which was 
filed on Dec. 8, 2003 claiming the conventional priority of 
Japanese patent Application Nos. 2002-357958 filed on Dec. 
10, 2002 and 2003-296491 filed on Aug. 20, 2003. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to an exposure appa 
ratus for performing the exposure with an image of a pattern 
projected by a projection optical System in a State in which 
a Space on a side of an image plane of the projection optical 
system is locally filled with a liquid. The present invention 
also relates to a method for producing a device by using the 
eXposure apparatuS. 

0004 2. Description of the Related Art 
0005 Semiconductor devices and liquid crystal display 
devices are produced with the So-called photolithography 
technique in which a pattern formed on a mask is transferred 
onto a photoSensitive Substrate. The exposure apparatus, 
which is used in the photolithography Step, includes a mask 
Stage for Supporting the mask and a Substrate stage for 
Supporting the Substrate. The pattern on the mask is trans 
ferred onto the Substrate via a projection optical System 
while Successively moving the mask Stage and the Substrate 
Stage. In recent years, it is demanded to realize the higher 
resolution of the projection optical System in order to 
respond to the further advance of the higher integration of 
the device pattern. AS the exposure wavelength to be used is 
Shorter, the resolution of the projection optical System 
becomes higher. AS the numerical aperture of the projection 
optical System is larger, the resolution of the projection 
optical System becomes higher. Therefore, the exposure 
wavelength, which is used for the exposure apparatus, is 
Shortened year by year, and the numerical aperture of the 
projection optical System is increased as well. The exposure 
wavelength, which is dominantly used at present, is 248 nm 
of the KrF excimer laser. However, the exposure wavelength 
of 193 nm of the ArE excimer laser, which is shorter than the 
above, is also practically used in Some situations. When the 
exposure is performed, the depth of focus (DOF) is also 
important in the same manner as the resolution. The reso 
lution R and the depth of focus 8 are represented by the 
following expressions respectively. 

R=kW/NA (1) 
8=+k/NA? (2) 

0006. In the expressions, represents the exposure wave 
length, NA represents the numerical aperture of the projec 
tion optical System, and k and k represent the proceSS 
coefficients. According to the expressions (1) and (2), the 
following fact is appreciated. That is, when the exposure 
wavelength w is shortened and the numerical aperture NA is 
increased in order to enhance the resolution R, then the 
depth of focus 8 is narrowed. 
0007) If the depth of focus 8 is too narrowed, it is difficult 
to match the Substrate Surface with respect to the image 
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plane of the projection optical System. It is feared that the 
margin is insufficient during the exposure operation. Accord 
ingly, the liquid immersion method has been Suggested, 
which is disclosed, for example, in International Publication 
No. 99/495.04 as a method for Substantially shortening the 
exposure wavelength and widening the depth of focus. In 
this liquid immersion method, the Space between the lower 
Surface of the projection optical System and the Substrate 
Surface is filled with a liquid Such as water or any organic 
solvent to utilize the fact that the wavelength of the exposure 
light beam in the liquid is 1/n as compared with that in the 
air (n represents the refractive index of the liquid, which is 
about 1.2 to 1.6 in ordinary cases) So that the resolution is 
improved and the depth of focus is magnified about n times. 

0008. The conventional technique as described above 
involves the following problem. The conventional technique 
is constructed Such that the Space, which is disposed 
between the substrate (wafer) and the lower surface on the 
Side of the image plane of the projection optical System, is 
locally filled with the liquid. When a shot area, which is 
positioned in the vicinity of the center of the Substrate, is 
Subjected to the exposure, the liquid does not outflow to the 
outside of the Substrate. However, as Schematically shown in 
FIG. 14, when it is intended to expose an edge area E of the 
Substrate Pby moving the circumferential area (edge area) E 
of the substrate P to the projection area 100 of the projection 
optical System, the liquid outflows to the outside of the 
substrate P. If the outflowed liquid is left to stand, the 
environment (for example, humidity), in which the substrate 
P is placed, is consequently varied to cause, for example, the 
change of the refractive indeX on the optical path of the 
interferometer for measuring the position information about 
the substrate stage for holding the substrate Pand/or on the 
optical path of the detecting light beam of each of various 
optical detecting devices. As a result, it is feared that any 
desired pattern transfer accuracy cannot be obtained. Fur 
ther, an inconvenience also arises, for example, Such that any 
rust appears due to the outflowed fluid on mechanical parts 
or the like arranged around the Substrate Stage for Supporting 
the substrate P. It is also conceived that the liquid is 
prevented from any outflow by omitting the exposure for the 
edge area E of the substrate P. However, if the pattern is not 
formed by applying the exposure process to the edge area E 
as well, another problem arises as follows. That is, the 
Substrate P as the wafer abuts against the polishing Surface 
of the CMP apparatus in an unbalanced manner, for 
example, in the CMP (chemical mechanical polishing) pro 
ceSS as the downstream Step, and it is impossible to perform 
any Satisfactory polishing. Further, if the outflowed liquid 
makes inflow into the tube of the vacuum system (Suction 
System), it is also feared that the vacuum pump, which 
Serves as the vacuum Source, may be damaged or broken 
down. 

SUMMARY OF THE INVENTION 

0009. The present invention has been made taking the 
foregoing circumstances into consideration, an object of 
which is to provide an exposure apparatus and an exposure 
method in which a pattern can be transferred accurately 
when an exposure process is performed while filling a Space 
between a projection optical System and a Substrate with a 
liquid, and a method for producing a device in which the 
exposure apparatus is used. 



US 2005/0219488 A1 

0010. In order to achieve the object as described above, 
the present invention adopts the following constructions 
corresponding to FIGS. 1 to 13 as illustrated in embodi 
ments. However, parenthesized numerals or Symbols affixed 
to respective elements merely exemplify the elements by 
way of example, with which it is not intended to limit the 
respective elements. 
0011. According to a first aspect of the present invention, 
there is provided an exposure apparatus (EX) for exposing 
a Substrate (P) by transferring an image of a pattern through 
a liquid (50) onto the substrate (P), comprising: 

0012 a projection optical system (PL) which projects 
the image of the pattern onto the Substrate; and 

0013 a recovery unit (20) which recovers the liquid 
outflowed to outside of the Substrate. 

0.014. According to the present invention, even when the 
liquid outflows to the outside of the substrate, then the 
outflowed liquid is recovered by the recovery unit without 
being left to stand. Therefore, the variation of the environ 
ment in which the Substrate is placed is Suppressed. Further, 
the occurrence of the inconvenience is also Suppressed, 
which would be otherwise caused such that any rust or the 
like appears on mechanical parts disposed around the Sub 
Strate Stage for Supporting the Substrate. Therefore, it is 
possible to accurately transfer the pattern to the Substrate, 
and it is possible to produce a device having a high pattern 
accuracy. 

0.015 According to a second aspect of the present inven 
tion, there is provided an exposure apparatus (EX) for 
exposing a Substrate by transferring an image of a pattern 
through a liquid (50) onto the Substrate, comprising: 

0016 a projection optical system (PL) which projects 
the image of the pattern onto the Substrate; 

0017 a liquid supply mechanism (1) which supplies 
the liquid above the Substrate; and 

0018 a recovery unit (20) which recovers the liquid 
Supplied from the liquid Supply mechanism (1), 

0019 wherein the recovery unit does not perform the 
recovering above the Substrate. 

0020. According to the present invention, the liquid can 
be recovered (Sucked) without performing the recovery 
(suction) above the substrate (from above the substrate). 
Therefore, it is possible to avoid the occurrence of the sound 
and the Vibration during the exposure for the Substrate. 
Further, the liquid, which outflows to the outside of the 
substrate, is recovered by the recovery unit. Therefore, it is 
possible to avoid the variation of the environment in which 
the Substrate is placed and the occurrence of any rust or the 
like on mechanical parts. Therefore, it is possible to accu 
rately form the pattern on the Substrate, and it is possible to 
produce a device having a high pattern accuracy. 
0021 According to a third aspect of the present inven 
tion, there is provided an exposure apparatus (EX) for 
exposing a Substrate (P) by transferring an image of a pattern 
through a liquid (50) onto the substrate (P), comprising: 

0022 a projection optical system (PL) which projects 
the image of the pattern onto the Substrate; 

Oct. 6, 2005 

0023) a suction system (26, 28, 29, 30, 32, 33) which 
has a Suction port (24); and 

0024 a recovery unit (20) which recovers the liquid 
Sucked through the Suction port. 

0025. According to the present invention, for example, 
even when the liquid outflows, and the liquid inflows into 
the Suction port of the Suction System, then the liquid is 
recovered, and the vacuum Source, which Serves as the 
Source of the Suction, is prevented from any inflow of the 
liquid. Therefore, even when the liquid immersion exposure 
is performed, the function of the Suction System is guaran 
teed. It is possible to produce a device by reliably exposing 
the Substrate with the highly accurate pattern. 
0026. According to a fourth aspect of the present inven 
tion, there is provided an exposure apparatus for exposing a 
Substrate (P) by transferring an image of a pattern through a 
liquid (50) onto the substrate (P), comprising: 

0027) a projection optical system (PL) which projects 
the image of the pattern onto the Substrate; 

0028 a substrate stage (PST) which holds the sub 
Strate; and 

0029) a recovery unit (20) which recovers the liquid 
and at least a part of which is provided on the Substrate 
Stage. The exposure apparatus of the present invention 
makes it possible to avoid the variation of the environ 
ment in which the Substrate is placed and the occur 
rence of any rust or the like of mechanical parts. 

0030. According to a fifth aspect of the present invention, 
there is provided an exposure method for exposing a Sub 
Strate by transferring an image of a predetermined pattern 
onto the Substrate with a projection optical System, com 
prising: 

0031 supplying a liquid above the substrate to a space 
between the projection optical System and the Substrate; 

0032 recovering the Supplied liquid from a position 
which is outside the Substrate and which is lower than 
that of the Substrate; and 

0033 exposing the substrate during a period in which 
the liquid is Supplied and recovered. 

0034. In the exposure method of the present invention, 
the liquid is Supplied above the Substrate, and the liquid is 
recovered below the position at which the substrate is held 
when the liquid immersion exposure is performed. There 
fore, it is possible to effectively avoid the occurrence of the 
Sound and the vibration during the exposure of the Substrate. 
0035. According to still another aspect of the present 
invention, there is provided a method for producing a device 
by using the exposure apparatus (EX) according to any one 
of the first to fourth aspects described above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0036 FIG. 1 shows a schematic arrangement illustrating 
an embodiment of the exposure apparatus of the present 
invention. 

0037 FIG. 2 shows a positional relationship among a tip 
of a projection optical System, a liquid Supply unit, and a 
liquid recovery unit. 
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0.038 FIG. 3 shows an exemplary arrangement of Supply 
nozzles and recovery nozzles. 
0.039 FIG. 4 shows an exemplary arrangement of Supply 
nozzles and recovery nozzles. 
0040 FIG. 5 shows a perspective view illustrating an 
embodiment of a recovery unit. 
0041 FIG. 6 shows a magnified sectional view illustrat 
ing major parts depicting the embodiment of the recovery 
unit. 

0.042 FIG. 7 shows a magnified sectional view illustrat 
ing major parts depicting another embodiment of a recovery 
unit. 

0.043 FIG. 8 shows a perspective view illustrating still 
another embodiment of a recovery unit. 
0044 FIGS. 9A and 9B show schematic sectional views 
illustrating Still another embodiment of a recovery unit. 
004.5 FIGS. 10A and 10B show schematic sectional 
ViewS illustrating Still another embodiment of a recovery 
unit. 

0.046 FIG. 11 shows another embodiment of the opera 
tion for recovering the liquid by using a recovery unit. 

0047 FIG. 12 shows still another embodiment of the 
operation for recovering the liquid by using a recovery unit. 
0.048 FIG. 13 shows a flow chart illustrating exemplary 
Steps for producing a Semiconductor device. 
0049 FIG. 14 illustrates the problem involved in the 
conventional technique. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

0050. An explanation will be made below about the 
exposure apparatus and the method for producing the device 
according to the present invention with reference to the 
drawings. However, the present invention is not limited 
thereto. FIG. 1 shows a Schematic arrangement illustrating 
an embodiment of the exposure apparatus of the present 
invention. 

First Embodiment 

0051. With reference to FIG. 1, an exposure apparatus 
EX includes a mask stage MST which supports a mask M, 
a substrate stage PST which supports a substrate P, an 
illumination optical System IL which illuminates, with an 
exposure light beam EL, the mask M Supported by the mask 
stage MST, a projection optical system PL which performs 
projection exposure for the Substrate P Supported by the 
Substrate Stage PST with an image of a pattern of the mask 
M illuminated with the exposure light beam EL, a liquid 
supply unit 1 which supplies a liquid 50 onto the substrate 
P, a recovery unit 20 which recovers the liquid 50 outflowed 
to the outside of the Substrate P, and a control unit CONT 
which collectively controls the overall operation of the 
exposure apparatuS EX. 

0.052 The embodiment of the present invention will now 
be explained as exemplified by a case of the use of the 
Scanning type exposure apparatus (so-called Scanning Step 
per) as the exposure apparatus EX in which the Substrate P 
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is exposed with the pattern formed on the mask M while 
synchronously moving the mask M and the substrate P in 
mutually different directions (opposite directions) in the 
Scanning directions. In the following explanation, the Z axis 
direction is the direction which is coincident with the optical 
axis AX of the projection optical System PL, the X axis 
direction is the Synchronous movement direction (Scanning 
direction) for the mask M and the substrate P in the plane 
perpendicular to the Z axis direction, and the Y axis direction 
is the direction (non-Scanning direction) perpendicular to the 
Z axis direction and the Y axis direction. The directions 
about the X axis, the Y axis, and the Z axis are designated 
as 0X, OY, and 0Z directions respectively. The term “sub 
strate” referred to herein includes those obtained by apply 
ing a resist on a Semiconductor wafer, and the term “mask' 
includes a reticle formed with a device pattern Subjected to 
the reduction projection onto the Substrate. 
0053. The illumination optical system IL is used so that 
the mask M, which is supported on the mask stage MST, is 
illuminated with the exposure light beam EL. The illumi 
nation optical System IL includes, for example, an exposure 
light Source, an optical integrator which uniformizes the 
illuminance of the light flux radiated from the exposure light 
Source, a condenser lens which collects the exposure light 
beam EL Supplied from the optical integrator, a relay lens 
System, and a variable field diaphragm which Sets the 
illumination area on the mask M illuminated with the 
exposure light beam EL to be slit-shaped. The predeter 
mined illumination area on the mask M is illuminated with 
the exposure light beam EL having a uniform illuminance 
distribution with the illumination optical system IL. Those 
uSable as the exposure light beam EL radiated from the 
illumination optical System IL include, for example, emis 
Sion lines (g-ray, h-ray, i-ray) in the ultraViolet region 
radiated, for example, from a mercury lamp, far ultraViolet 
light beams (DUV light beams) such as the KrF excimer 
laser beam (wavelength: 248 nm), and vacuum ultraviolet 
light beams (VUV light beams) such as the ArF excimer 
laser beam (wavelength: 193 nm) and the F laser beam 
(wavelength: 157 nm). In this embodiment, the ArF excimer 
laser beam is used. 

0054 The mask stage MST supports the mask M. The 
mask stage MST is two-dimensionally movable in the plane 
perpendicular to the optical axis AX of the projection optical 
system PL, i.e., in the XY plane, and it is finely rotatable in 
the 0Z direction. The mask stage MST is driven by a mask 
stage-driving unit MSTD such as a linear motor. The mask 
stage-driving unit MSTD is controlled by the control unit 
CONT. The position in the two-dimensional direction and 
the angle of rotation of the mask M on the mask stage MST 
are measured in real-time by a laser interferometer. The 
result of the measurement is outputted to the control unit 
CONT. The control unit CONT drives the mask stage 
driving unit MSTD on the basis of the result of the mea 
surement obtained by the laser interferometer to thereby 
position the mask M Supported on the mask stage MST. 
0055. The projection optical system PL projects the pat 
tern on the mask M onto the substrate Pat a predetermined 
projection magnification B to perform the exposure. The 
projection optical System PL includes a plurality of optical 
elements (lenses). The optical elements are Supported by a 
barrel PK as a metal member. In this embodiment, the 
projection optical System PL is a reduction System having 
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the projection magnification B which is, for example, 4 or 
/S. The projection optical system PL may be any one of the 
1x magnification System and the magnifying System. The 
optical element (lens) 60 is exposed from the barrel PK on 
the side of the tip (on the side of the substrate P) of the 
projection optical system PL of this embodiment. The opti 
cal element 60 is provided detachably (exchangeably) with 
respect to the barrel PK. 
0056. The substrate stage PST supports the substrate P. 
The Substrate stage PST includes a Z stage 51 which holds 
the substrate P by the aid of a substrate holder, an XY stage 
52 which supports the Z stage 51, and a base 53 which 
supports the XY stage 52. The substrate stage PST is driven 
by a substrate stage-driving unit PSTD such as a linear 
motor. The substrate stage-driving unit PSTD is controlled 
by the control unit CONT. By driving the Z stage 51, the 
substrate P, which is held on the Z stage 51, is subjected to 
the control of the position (focus position) in the Z axis 
direction and the positions in the 0X and 0Y directions. By 
driving the XY stage 52, the substrate P is subjected to the 
control of the position in the XY directions (position in the 
directions Substantially parallel to the image plane of the 
projection optical system PL). That is, the Z stage 51 
controls the focus position and the angle of inclination of the 
substrate P so that the surface of the Substrate P is adjusted 
to match the image plane of the projection optical System PL 
in accordance with the autofocus System and the autolevel 
ing system. The XY stage 52 positions the substrate P in the 
X axis direction and the Y axis direction. It goes without 
Saying that the Z Stage and the XY stage may be provided 
as an integrated body. 

0057. A movement mirror 54, which is movable together 
with the Substrate stage PST with respect to the projection 
optical system PL, is provided on the substrate stage PST (Z 
stage 51). A laser interferometer 55 is provided at a position 
opposed to the movement mirror 54. The angle of rotation 
and the position in the two-dimensional direction of the 
substrate P on the Substrate stage PST are measured in 
real-time by the laser interferometer 55. The result of the 
measurement is outputted to the control unit CONT. The 
control unit CONT drives the substrate stage-driving unit 
PSTD on the basis of the result of the measurement of the 
laser interferometer 55 to thereby position the substrate P 
supported on the substrate stage PST. 
0.058. In this embodiment, the liquid immersion method 
is applied in order that the resolution is improved by 
Substantially shortening the exposure wavelength and the 
depth of focus is Substantially widened. Therefore, the Space 
between the surface of the substrate P and the tip surface 
(lower surface) 7 of the optical element (lens) 60 of the 
projection optical system PL on the side of the substrate P is 
filled with the predetermined liquid 50 at least during the 
period in which the image of the pattern on the mask M is 
transferred onto the Substrate PAS described above, the lens 
60 is exposed on the tip side of the projection optical System 
PL, and the liquid 50 is supplied to make contact with only 
the lens 60. Accordingly, the barrel PK composed of the 
metal is prevented from any corrosion or the like. Further, 
the tip surface 7 of the lens 60 is sufficiently smaller than the 
substrate Pand the barrel PK of the projection optical system 
PL, so that the liquid 50 is allowed to make contact with only 
the lens 60 as described above. Therefore, the side of the 
image plane of the projection optical System PL is locally 
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filled with the liquid 50. That is, the liquid immersion 
portion, which is disposed between the projection optical 
system PL and the substrate P, is sufficiently smaller than the 
substrate P. In this embodiment, pure water is used for the 
liquid 50. The exposure light beam EL, which is not limited 
to only the Arf excimer laser beam, can be transmitted 
through pure water, even when the exposure light beam EL 
is, for example, the emission line (g-ray, h-ray, i-ray) in the 
ultraViolet region radiated, for example, from a mercury 
lamp or the far ultraviolet light beam (DUV light beam) Such 
as the KrF excimer laser beam (wavelength: 248 nm). 
0059. The exposure apparatus EX includes a liquid Sup 
ply unit 1 which supplies the predetermined liquid 50 to the 
space 56 between the substrate P and the tip surface (end 
surface of the lens 60) 7 of the projection optical system PL, 
and a liquid recovery unit 2 as a Second recovery unit which 
recovers the liquid 50 from the space 56, i.e., the liquid 50 
on the substrate P. The liquid supply unit 1 is provided to 
locally fill the Side of the image plane of the projection 
optical system PL with the liquid 50. The liquid supply unit 
1 includes, for example, a tank for accommodating the liquid 
50, a pressurizing pump, and a temperature-adjusting unit 
for adjusting the temperature of the liquid 50 supplied to the 
space 56. One end of a supply tube 3 is connected to the 
liquid Supply unit 1. Supply nozzles 4 are connected to the 
other end of the Supply tube 3. The liquid supply unit 1 
supplies the liquid 50 to the space 56 through the supply tube 
3 and the Supply nozzles 4. 
0060. The liquid recovery unit 2 includes, for example, a 
Suction pump, and a tank for accommodating the recovered 
liquid 50. One end of a recovery tube 6 is connected to the 
liquid recovery unit 2. Recovery nozzles 5 are connected to 
the other end of the recovery tube 6. The liquid recovery unit 
2 recovers the liquid 50 from the space 56 through the 
recovery nozzles 5 and the recovery tube 6. When the space 
56 is filled with the liquid 50, then the control unit CONT 
drives the liquid supply unit 1 so that the liquid 50, which 
is in a predetermined amount per unit time, is Supplied to the 
Space 56 through the Supply tube 3 and the Supply nozzles 
4, and the control unit CONT drives the liquid recovery unit 
2 so that the liquid 50, which is in a predetermined amount 
per unit time, is recovered from the Space 56 through the 
recovery nozzles 5 and the recovery tube 6. Accordingly, the 
liquid 50 is retained in the space 56 between the substrate P 
and the tip Surface 7 of the projection optical System PL, and 
thus the liquid immersion portion is formed. In this arrange 
ment, the control unit CONT is capable of arbitrarily setting 
the liquid Supply amount per unit time with respect to the 
space 56 by controlling the liquid supply unit 1. Further, the 
control unit CONT is capable of arbitrarily setting the liquid 
recovery amount per unit time from the substrate P by 
controlling the liquid recovery unit 2. 
0061 FIG. 2 shows a partial magnified view of FIG. 1 
illustrating, for example, the lower portion of the projection 
optical System PL of the exposure apparatus EX, the liquid 
supply unit 1, and the liquid recovery unit 2. In FIG. 2, the 
lens 60, which is disposed at the lowest end of the projection 
optical System PL, is formed to have a rectangular shape 
which is long in the Y axis direction (non-Scanning direc 
tion) except for only the portion required for the end portion 
60A in the Scanning direction. During the Scanning expo 
Sure, a pattern image of a part of the mask M is projected 
onto the rectangular projection area disposed just under the 
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end portion 60A. The mask M is moved at the velocity V in 
the -X direction (or in the +X direction) with respect to the 
projection optical System PL, in Synchronization with which 
the substrate P is moved at the velocity B.V. (B is the 
projection magnification) in the +X direction (or in the -X 
direction) by the aid of the XY stage 52. After the comple 
tion of the exposure for one shot area, the next shot area is 
moved to the Scanning Start position in accordance with the 
Stepping of the Substrate P. The exposure process is Succes 
sively performed thereafter for each of the shot areas in 
accordance with the Step-and-Scan System. This embodiment 
is designed so that the liquid 50 is allowed to flow in the 
movement direction of the substrate Palong with the move 
ment direction of the Substrate P. 

0.062 FIG.3 shows the positional relationship among the 
end portion 60A of the lens 60 of the projection optical 
system PL, the supply nozzles 4 (4A to 4C) for supplying the 
liquid 50 in the X axis direction, and the recovery nozzles 5 
(5A, 5B) for recovering the liquid 50. In FIG. 3, the end 
portion 60A of the lens 60 has a rectangular shape which is 
long in the Y axis direction. The three Supply nozzles 4A to 
4C are arranged on the Side in the +X direction, and the two 
recovery nozzles 5A, 5B are arranged on the side in the -X 
direction so that the end portion 60A of the lens 60 of the 
projection optical System PL is interposed thereby. The 
Supply nozzles 4A to 4C are connected to the liquid Supply 
unit 1 through the Supply tube 3, and the recovery nozzles 
5A, 5B are connected to the liquid recovery unit 2 through 
the recovery tube 4. Further, the Supply nozzles 8A to 8C and 
the recovery nozzles 9A, 9B are arranged at positions 
obtained by rotating, by Substantially 180, the positions of 
the supply nozzles 4A to 4C and the recovery nozzles 5A, 5B 
about the center of the end portion 60A. The Supply nozzles 
4A to 4C and the recovery nozzles 9A, 9B are alternately 
arranged in the Y axis direction. The Supply nozzleS 8A to 
8C and the recovery nozzles 5A, 5B are alternately arranged 
in the Y axis direction. The supply nozzles 8A to 8C are 
connected to the liquid Supply unit 1 through the Supply tube 
10. The recovery nozzles 9A, 9B are connected to the liquid 
recovery unit 2 through the recovery tube 11. 

0.063 As shown in FIG. 4, the Supply nozzles 13, 14 and 
the recovery nozzles 15, 16 may be also provided on the both 
sides of the end portion 60A in the Y direction so that the end 
portion 60A is intervened between the Supply nozzles 13, 14 
and the recovery nozzles 15, 16. The Supply nozzles and the 
recovery nozzles can be used to stably supply the liquid 50 
to the Space between the projection optical System PL and 
the Substrate Peven during the movement of the substrate P 
in the non-Scanning direction (Y axis direction) when the 
Stepping movement is performed. 

0064. The shape of the nozzle is not specifically limited. 
For example, two pairs of the nozzles may be used to Supply 
or recover the liquid 50 for the longside of the end portion 
60A. In this arrangement, the Supply nozzles and the recov 
ery nozzles may arranged while being aligned vertically in 
order that the liquid 50 can be supplied and recovered in any 
one of the directions of the +X direction and the -X 
direction. 

0065 Next, an explanation will be made with reference 
to FIGS. 5 and 6 about an embodiment of the recovery unit 
20 for recovering the liquid outflowed to the outside of the 
substrate P. FIG. 5 shows a perspective view illustrating the 
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Z stage 51 (substrate stage PST), and FIG. 6 shows a 
magnified Sectional view illustrating major parts. 

0066. In FIGS. 5 and 6, the recovery unit 20 is provided 
with a liquid-absorbing member 21 which is arranged 
around the substrate Pheld by a holder 57 on the Z stage 51. 
The liquid-absorbing member 21 is an annular member 
having a predetermined width. The liquid-absorbing mem 
ber 21 is arranged in a groove 23 which is formed annularly 
on the Z Stage 51. A flow passage 22, which is continued to 
the groove 23, is formed in the Z stage 51. The bottom of the 
liquid-absorbing member 21 arranged in the groove 23 is 
connected to the flow passage 22. The liquid-absorbing 
member 21 is composed of, for example, a porous material 
Such as porous ceramics. Alternatively, Sponge as a porous 
material may be used as a material for forming the liquid 
absorbing member 21. The liquid-absorbing member 21 
composed of the porous material is capable of retaining the 
liquid in a predetermined amount. 

0067. An auxiliary plate 59 having a predetermined 
width, which Surrounds the outer circumference of the 
substrate P, is provided between the liquid-absorbing mem 
ber 21 and the substrate P held by the holder 57 on the Z 
stage 51. The surface height of the auxiliary plate 59 is set 
to be approximately coincident with the Surface height of the 
substrate P held by the holder 57 of the Z stage 51. The 
liquid 50 can be continuously retained between the substrate 
P and the lens 60 of the projection optical system PL by the 
aid of the auxiliary plate 59, even when the circumferential 
area (edge area) E of the Substrate P is positioned under the 
lens 60 of the projection optical system PL. The liquid 
absorbing member 21 having the predetermined width, 
which is arranged to Surround the outer circumference of the 
auxiliary plate 59, functions to absorb (recover) the liquid 50 
which cannot be fully recovered by the liquid recovery unit 
2 as the second recovery unit and which outflows to the 
outside of the auxiliary plate 59. 

0068. The holder 57 has a plurality of projections 58 
provided to support the back surface of the substrate P in a 
circular receSS which is formed to approximately the same 
size as that of the substrate P on the Z stage 51. Attraction 
holes 24, which serve to attract and hold the Substrate P, are 
provided for the projections 58 respectively. The respective 
attraction holes 24 are connected to a flow passage 25 which 
is formed in the Z stage 51. A plurality of liquid recovery 
holes 46 are provided in the vicinity of the outermost 
circumference of the holder 57 (circular recess). The liquid 
recovery holes 46 are connected to the flow passage 22 
which is connected to the liquid-absorbing member 21. 
Alternatively, another flow passage, which is different from 
the flow passage 22 connected to the liquid-absorbing mem 
ber 21 (groove 23), may be provided to make connection to 
the liquid recovery holes 46. 

0069. The flow passage 22, which is connected to the 
liquid-absorbing member 21 and the liquid recovery holes 
46 respectively, is connected to one end of a tube passage 26 
which is provided outside the Z stage 51. On the other hand, 
the other end of the tube passage 26 is connected to a pump 
29 as a Suction unit via a first tank 27 and a valve 28 
provided outside the Z stage 51. The flow passage 25, which 
is connected to the attraction holes 24, is connected to one 
end of a tube passage 30 which is provided outside the Z 
Stage 51. On the other hand, the other end of the tube passage 
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30 is connected to a pump 33 as a Suction unit via a Second 
tank 31 and a valve 32 provided outside the Z stage 51. The 
liquid, which outflows to the outside of the substrate P, is 
recovered together with the Surrounding gas (air) from the 
liquid-absorbing member 21 and the liquid recovery holes 
46. The liquid, which leaks into the back surface side of the 
Substrate P, is recovered together with the Surrounding gas 
(air) from the attraction holes 24. The method for recovering 
the liquid as described above will be explained in detail later 
on. The liquid (water), which is recovered from the liquid 
absorbing member 21, the liquid recovery holes 46, and the 
attraction holes 24, is separated from the gas (air), and the 
liquid is temporarily accumulated in the first tank 27 and the 
Second tank 31 respectively. The gas/liquid Separation 
avoids the inflow of the liquid into the vacuum pumps 29, 33 
as the vacuum Sources. Thus, it is possible to prevent the 
Vacuum pumpS 29, 33 from being damaged. Discharge 
passage 27A, 31A are provided for the first and Second tanks 
27, 31 respectively. When predetermined amounts of the 
liquid are Stored as detected by a water level Sensor or the 
like, the liquid is discharged from the discharge passages 
27A, 31A. 

0070 Alternatively, a flow passage, which is different 
from the flow passage 22 (tank 27, valve 28, vacuum pump 
29) connected to the liquid-absorbing member 21 (groove 
23), may be provided to make connection to the liquid 
recovery holes 46. In FIG. 5, a movement mirror 54X, 
which extends in the Y axis direction, is provided at the end 
of the Z stage 51 on the +X side. A movement mirror 54Y, 
which extends in the X axis direction, is provided at the end 
on the Yside. Laser interferometers radiate laser beams onto 
the movement mirrors 54X, 54Y to detect the position of the 
substrate stage PST in the X axis direction and the Y axis 
direction. 

0071 Next, an explanation will be made about a proce 
dure for exposing the substrate P with the pattern of the mask 
M by using the exposure apparatus EX described above. 

0072. When the mask M is loaded on the mask stage 
MST, and the Substrate P is loaded on the Substrate stage 
PST, then the control unit CONT drives the liquid supply 
unit 1 and the liquid recovery unit 2 to form the liquid 
immersion portion of the liquid 50 in the space 56 (see FIG. 
1). The control unit CONT controls the illumination optical 
system IL to illuminate the mask M with the exposure light 
beam EL, and the image of the pattern of the mask M is 
projected onto the Substrate P through the projection optical 
system PL and the liquid 50. In this situation, the liquid 50, 
which is Supplied from the liquid Supply unit 1, is recovered 
by the liquid recovery unit 2 during the period in which the 
shot area disposed in the vicinity of the center of the 
substrate P is exposed. Therefore, the liquid 50 does not 
outflow to the outside of the Substrate P. 

0073. On the other hand, as shown in FIG. 6, when the 
edge area E of the Substrate P is Subjected to the exposure 
process, and the liquid immersion portion between the 
projection optical system PL and the substrate P is thereby 
disposed in the vicinity of the edge area E of the Substrate 
P, then the liquid 50 can be continuously retained between 
the projection optical system PL and the substrate P by the 
aid of the auxiliary plate 59. However, a part of the liquid 50 
sometimes outflows to the outside of the auxiliary plate 59. 
The outflowed fluid 50 is absorbed (recovered) by the 
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liquid-absorbing member 21. The control unit CONT starts 
the opening operation of the valve 28 and the driving 
operation of the pump 29 simultaneously with the start of the 
driving operation of the liquid Supply unit 1 and the liquid 
recovery unit 2. Therefore, the liquid 50, which is recovered 
by the liquid-absorbing member 21, is Sucked and collected 
into the first tank 27 through the flow passage 22 and the 
tube passage 26 together with the Surrounding air in accor 
dance with the suction effected by the pump 29 as the 
Suction unit. 

0074 The liquid 50, which outflows from the gap 
between the substrate P and the auxiliary plate 59, is sucked 
to the Side of the flow passage 22 together with the Sur 
rounding air through the liquid recovery holes 46 provided 
on the back surface side of the substrate P. The liquid 50 is 
recovered into the first tank 27 through the tube passage 26. 
0075) Further, there may be the following possibility. 
That is, the liquid 50, which enters the back surface side of 
the Substrate P via the gap between the substrate P and the 
auxiliary plate 59, may inflow into the attraction holes 24 for 
attracting and holding the Substrate P, AS described above, 
the attraction holes 24 are connected to the pump 33 as the 
Suction unit via the flow passage 25, the tube passage 30, and 
the Second tank 31. Therefore, when the opening operation 
of the valve 32 and the driving operation of the pump 33 are 
performed, then the substrate P is attracted and held on the 
Z stage 51, and the liquid 50, which inflows into the 
attraction holes 24, can be collected into the Second tank 31 
through the flow passage 25 and the tube passage 30. That 
is, the third recovery unit, which recovers the liquid 50 
inflowed into the attraction holes 24, includes the fluid 
passage 25, the tube passage 30, the Second tank 31, the 
valve 32, the pump 33, and the control unit CONT for 
controlling the driving of these components. In this situa 
tion, the attraction holes 24 also function as liquid recovery 
holes (recovery unit) provided on the back Surface side of 
the Substrate P. 

0076. The liquid which has leaked into the back surface 
side of the substrate P and the gas (air) which is around the 
back Surface of the Substrate P inflow from the attraction 
holes 24 in the same manner as from the liquid recovery 
holes 46. However, the liquid (water) and the gas (air) are 
Separated from each other by making the liquid to fall in the 
second tank 31. The liquid, which is stored in the second 
tank 31, is periodically recovered, and thus the vacuum 
pump 33 as the vacuum source is prevented from the inflow 
of the liquid. Accordingly, the vacuum pump 33 is prevented 
from being damaged. 

0077. When the edge area E of the substrate P is sub 
jected to the exposure process, i.e., when the liquid immer 
Sion portion between the projection optical System PL and 
the Substrate P is disposed in the vicinity of the circumfer 
ential edge of the substrate P, there is such a possibility that 
a part of the liquid 50 may outflow to the outside of the 
Substrate P as described above. In this embodiment, the 
control unit CONT performs the following operation in 
order that the Space between the projection optical System 
PL and the substrate P can be sufficiently filled with the 
liquid 50 even when the liquid 50 outflows to the outside of 
the Substrate P. That is, when the liquid immersion portion 
is disposed in the edge area E of the Substrate P, the control 
unit CONT performs at least any one of the operation in 
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which the liquid Supply unit 1 is controlled to increase the 
liquid Supply amount per unit time to the Space 56 and the 
operation in which the liquid recovery unit (Second recovery 
unit) 2 is controlled to decrease the liquid recovery amount 
per unit time from the space 56. In the control to increase the 
liquid Supply amount or decrease the liquid recovery 
amount, the control unit CONT may control the liquid 
Supply unit 1 and/or the liquid recovery unit 2 on the basis 
of the result of the detection of the position of the substrate 
P performed by the laser interferometer. Alternatively, a 
detecting unit for detecting the amount of the recovered 
(outflowed) liquid may be provided, for example, for the 
first and second tanks 27, 32 or the tube passages 26, 30, and 
the liquid Supply unit 1 and/or the liquid recovery unit 2 may 
be controlled on the basis of the result of the detection 
performed by the detecting unit. 

0078. The exposure apparatus EX of this embodiment is 
a So-called Scanning Stepper. Therefore, when the Scanning 
exposure is performed by moving the substrate P in the 
Scanning direction (-X direction) indicated by the arrow Xa 
(see FIG.3), the liquid 50 is supplied and recovered with the 
liquid Supply unit 1 and the liquid recovery unit 2 by using 
the Supply tube 3, the Supply nozzles 4A to 4C, the recovery 
tube 4, and the recovery nozzles 5A, 5B. That is, when the 
substrate P is moved in the -X direction, then the liquid 50 
is Supplied to the Space between the projection optical 
system PL and the substrate P from the liquid supply unit 1 
by the aid of the supply tube 3 and the supply nozzles 4 (4A 
to 4C), and the liquid 50 is recovered to the liquid recovery 
unit 2 by the aid of the recovery nozzles 5 (5A, 5B) and the 
recovery tube 6. The liquid 50 flows in the -X direction so 
that the space between the lens 60 and the substrate P is filled 
there with. On the other hand, when the Scanning exposure is 
performed by moving the Substrate P in the Scanning direc 
tion (+X direction) indicated by the arrow Xb, then the 
liquid 50 is supplied and recovered with the liquid supply 
unit 1 and the liquid recovery unit 2 by using the Supply tube 
10, the Supply nozzles 8A to 8C, the recovery tube 11, and 
the recovery nozzles 9A, 9B. That is, when the Substrate P 
is moved in the +X direction, then the liquid 50 is supplied 
from the liquid Supply unit 1 to the Space between the 
projection optical system PL and the substrate P by the aid 
of the supply tube 10 and the supply nozzles 8 (8A to 8C), 
and the liquid 50 is recovered to the liquid recovery unit 2 
by the aid of the recovery nozzles 9 (9A, 9B) and the 
recovery tube 11. The liquid 50 flows in the +X direction so 
that the space between the lens 60 and the substrate P is filled 
therewith. As described above, the control unit CONT 
makes the liquid 50 to flow in the movement direction of the 
Substrate P by using the liquid Supply unit 1 and the liquid 
recovery unit 2. In this arrangement, for example, the liquid 
50, which is supplied from the liquid supply unit 1 through 
the Supply nozzles 4, flows so that the liquid 50 is attracted 
and introduced into the Space 56 in accordance with the 
movement of the Substrate P in the -X direction. Therefore, 
even when the Supply energy of the liquid Supply unit 1 is 
small, the liquid 50 can be supplied to the space 56 with 
ease. When the direction, in which the liquid 50 is made to 
flow, is Switched depending on the Scanning direction, then 
it is possible to fill the space between the substrate P and the 
tip surface 7 of the lens 60 with the liquid 50, and it is 
possible to obtain the high resolution and the wide depth of 
focus, even when the Substrate P is Subjected to the Scanning 
in any one of the +X direction and the -X direction. 
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0079. As explained above, even when the liquid 50 
outflows to the outside of the Substrate P, the outflowed 
liquid 50 is recovered by the recovery unit 20 without being 
left to stand. Therefore, the variation of the environment in 
which the Substrate P is placed is Suppressed, and the 
occurrence of the inconvenience is also Suppressed, which 
would be otherwise caused Such that any rust or the like 
appears on mechanical parts disposed around the Substrate 
stage PST for supporting the substrate P. Therefore, the 
pattern can be accurately transferred to the Substrate P, and 
it is possible to produce a device having a high pattern 
accuracy. 

0080. The liquid-absorbing member 21 is provided as the 
recovery unit 20 on the substrate stage PST, and thus the 
liquid 50 can be reliably retained (recovered) over a wide 
range. Further, the pump 29, which Serves as the Suction 
unit, is connected to the liquid-absorbing member 21 via the 
flow passage, and thus the liquid 50, which is absorbed by 
the liquid-absorbing member 21, is always discharged to the 
outside of the Substrate stage PST. Therefore, it is possible 
to more reliably Suppress the variation of the environment in 
which the Substrate P is placed, and it is possible to SuppreSS 
the variation of the weight of the substrate stage PST, which 
would be otherwise caused by the liquid 50. Alternatively, 
the following procedure is also available. That is, the pump 
29 is stopped during the exposure for the Substrate, and the 
liquid 50, which is outflowed to the outside of the substrate 
P, is retained, for example, by the liquid-absorbing member 
21. The pump 29 is operated after the completion of the 
exposure for the Substrate So that the liquid is discharged. On 
the other hand, the following arrangement is also available. 
That is, the liquid 50, which is recovered by the liquid 
absorbing member 21, is discharged in an untreated manner 
toward the tank 27 in accordance with the self-weight 
without providing the pump 29. Further, the following 
arrangement is also available. That is, the pump 29, the tank 
27, and the flow passage are not provided, and only the 
liquid-absorbing member 21 is arranged on the Substrate 
stage PST. The liquid-absorbing member 21, which has 
absorbed the liquid 50, is exchanged periodically (for 
example, for every one lot). In this arrangement, the weight 
of the substrate stage PST is varied by the liquid 50. 
However, the Stage positioning accuracy can be maintained 
by changing the Stage control parameter depending on the 
weight of the liquid 50 recovered by the liquid-absorbing 
member 21. 

0081. The tanks 27, 31, which are used to separate the 
liquid (water) and the gas (air) from each other, are provided 
at the upstream of the vacuum pumps 29, 33 to avoid any 
inflow of the liquid into the vacuum pumps 29, 33. There 
fore, the vacuum pumps 29, 33 can be prevented from being 
broken down and damaged. 
0082) The vacuum pumps 29, 33 in the embodiment 
described above may be arranged in the exposure apparatus 
EX. Alternatively, it is also allowable to use those installed 
in a factory in which the exposure apparatuS EX is installed. 
In the embodiment described above, the tank, which is used 
to separate the liquid (water) and the gas (air) from each 
other, is provided for the vacuum system of the recovery unit 
20 (at the upstream of the vacuum pump) for recovering the 
liquid outflowed to the outside of the substrate P and for the 
Vacuum System for attracting and holding the SubStrate P. 
However, there is no limitation thereto in relation to the 
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installation of the mechanism (for example, the tank for 
recovering the liquid) for separating the liquid (water) and 
the gas (air) from each other. Such a mechanism may be 
provided in the Suction System (vacuum System) connected 
to any other suction port for which it is feared that the liquid 
may make any inflow. For example, Such a mechanism may 
be arranged in a gas recovery System (Suction System) for a 
gas bearing, a Suction System for attracting and holding the 
Substrate P on a Substrate transport arm, or a Suction System 
for detachably attracting and holding a Substrate-holding 
member on the Substrate Stage. The gas recovery System 
(Suction System) for the gas bearing is disclosed, for 
example, in Japanese Patent Application Laid-open No. 
11-166990, the Suction system for attracting and holding the 
Substrate P on the Substrate transport arm is disclosed, for 
example, in Japanese Patent Application Laid-open No. 
6-181157, and the Suction system for detachably attracting 
and holding the Substrate-holding member on the Substrate 
Stage is disclosed, for example, in Japanese Patent Applica 
tion Laid-open No. 10-116760. The contents of the descrip 
tions in these documents are incorporated herein by refer 
ence within a range of permission of the domestic laws and 
ordinances of the State designated or Selected in this inter 
national application. In this embodiment, the mechanism, 
which includes, for example, the tank for Separating the 
liquid (water) and the gas (air) from each other, is applied to 
the exposure apparatus in which the Substrate P is Subjected 
to the exposure while forming the liquid immersion portion 
in a part of the area on the substrate P. However, the present 
invention is also applicable to an exposure apparatus in 
which a Substrate Stage is moved in a liquid tank, and an 
exposure apparatus in which a liquid tank is formed on a 
Substrate Stage and a Substrate is held therein. The Structure 
and the exposure operation of the exposure apparatus in 
which the Substrate Stage is moved in the liquid tank are 
disclosed, for example, in Japanese Patent Application Laid 
open No. 6-124873, and the exposure apparatus in which the 
liquid tank is formed on the Substrate Stage and the Substrate 
is held therein is disclosed, for example, in Japanese Patent 
Application Laid-open No. 10-303114 and U.S. Pat. No. 
5,825,043. The contents of the descriptions in these docu 
ments are incorporated herein by reference within a range of 
permission of the domestic laws and ordinances of the State 
designated or Selected in this international application. 

0.083. In the embodiment described above, the liquid 
absorbing member 21 is formed to have the annular form 
which continues to Surround the entire circumference of the 
substrate P. However, the liquid-absorbing member 21 may 
be arranged at a part of the circumference of the Substrate P. 
Alternatively, the liquid-absorbing member 21 may be 
arranged discontinuously at predetermined intervals. In this 
embodiment, the liquid-absorbing member 21 is formed to 
have the annular form. However, the shape of the liquid 
absorbing member 21 may be, for example, rectangular, 
which may be arbitrarily designed. 

0084. The arrangement of the liquid supply unit 1 and the 
liquid recovery unit 2 and the arrangement of the nozzles are 
not limited to those described in the foregoing embodiment. 
It is not necessarily indispensable that the liquid Supply unit 
1 and the liquid recovery unit 2 are operated concurrently 
during the exposure for the Substrate P. Any one of them may 
be stopped or both of them may be stopped provided that the 
optical path for the exposure light beam, which is disposed 
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between the projection optical System PL and the Substrate 
P, is filled with the liquid 50. 
0085. As described above, pure water is used as the liquid 
50 in this embodiment. Pure water is advantageous in that 
pure water is available in a large amount with ease, for 
example, in the Semiconductor production factory, and pure 
water exerts no harmful influence, for example, on the 
optical element (lens) and the photoresist on the Substrate P. 
Further, pure water exerts no harmful influence on the 
environment, and the content of impurity is extremely low. 
Therefore, it is also expected to obtain the function to wash 
the surface of the substrate P and the surface of the optical 
element provided at the tip Surface of the projection optical 
system PL. 

0086. It is approved that the refractive index n of pure 
water (water) with respect to the exposure light beam EL 
having a wavelength of about 193 nm is approximately in an 
extent of 1.44 to 1.47. When the ArE excimer laser beam 
(wavelength: 193 nm) is used as the light source of the 
exposure light beam EL, then the wavelength is shortened on 
the substrate P by 1/n, i.e., to about 131 to 134 nm, and a 
high resolution is obtained. Further, the depth of focus is 
magnified about n times, i.e., about 1.44 to 1.47 times as 
compared with the value obtained in the air. Therefore, when 
it is enough to Secure an approximately equivalent depth of 
focus as compared with the case of the use in the air, it is 
possible to further increase the numerical aperture of the 
projection optical system PL. Also in this viewpoint, the 
resolution is improved. 

0087. In this embodiment, the lens 60 is attached to the 
tip of the projection optical System PL. However, the optical 
element, which is attached to the tip of the projection optical 
System PL, may be an optical plate which is usable to adjust 
the optical characteristics of the projection optical System 
PL, for example, the aberration (for example, spherical 
aberration and comatic aberration). Alternatively, the optical 
element may be a parallel plane plate through which the 
exposure light beam EL is transmissive. When the optical 
element, which makes contact with the liquid 50, is the 
parallel plane plate which is cheaper than the lens, it is 
enough that merely the parallel plane plate is exchanged 
immediately before Supplying the liquid 50 even when any 
Substance (for example, any Silicon-based organic matter), 
which deteriorates the transmittance of the projection optical 
System PL, the illuminance of the exposure light beam EL on 
the substrate P, and the uniformity of the illuminance dis 
tribution, is adhered to the parallel plane plate, for example, 
during the transport, the assembling, and/or the adjustment 
of the exposure apparatus EX. An advantage is obtained 
Such that the eXchange cost is lowered as compared with the 
case in which the optical element to make contact with the 
liquid 50 is the lens. That is, the surface of the optical 
element to make contact with the liquid 50 is dirtied, for 
example, due to the adhesion of Scattered particles generated 
from the resist by being irradiated with the exposure light 
beam EL or any impurity contained in the liquid 50. There 
fore, it is necessary to periodically exchange the optical 
element. However, when the optical element is the cheap 
parallel plane plate, then the cost of the exchange part is low 
as compared with the lens, and it is possible to shorten the 
time required for the exchange. Thus, it is possible to 
Suppress the increase in the maintenance cost (running cost) 
and the decrease in the throughput. 
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0088. When the pressure, which is generated by the flow 
of the liquid 50, is large between the substrate P and the 
optical element disposed at the tip of the projection optical 
system PL, it is also allowable that the optical element is 
tightly fixed so that the optical element is not moved by the 
preSSure, rather than allowing the optical element to be 
eXchangeable. 

0089. The liquid 50 is water in the embodiment described 
above. However, the liquid 50 may be any liquid other than 
water. For example, when the light Source of the exposure 
light beam EL is the F laser, the F laser beam is not 
transmitted through water. Therefore, in this case, those 
preferably usable as the liquid 50 may include, for example, 
fluorine-based liquids Such as fluorine-based oil and fluo 
ropolyether (PFPE) through which the F laser beam is 
transmissive. Alternatively, other than the above, it is also 
possible to use, as the liquid 50, those (for example, cedar 
oil) which have the transmittance with respect to the expo 
Sure light beam EL, which have the refractive indeX as high 
as possible, and which are stable against the photoresist 
applied to the Surface of the Substrate P and the projection 
optical system PL. 

Second Embodiment 

0090 Next, an explanation will be made with reference 
to FIG. 7 about another embodiment of the exposure appa 
ratuS EX of the present invention. In the following descrip 
tion, the same or equivalent constitutive parts as those of the 
embodiment described above are designated by the same 
reference numerals, any explanation of which is Simplified 
or omitted. The characteristic features of this embodiment 
are that a liquid recovery groove 35 is provided around the 
substrate Pin place of the liquid-absorbing member 21 as the 
recovery unit and that the substrate stage PST and the tube 
passage 26 are connectable to one another and Separable 
from each other. 

0091. With reference to FIG. 7, the recovery unit 20 
includes the liquid recovery groove 35 which has a prede 
termined width and which is formed around the auxiliary 
plate 59 on the Z stage 51. A connecting valve 36 is provided 
at the end of the flow passage 22. On the other hand, a 
connecting valve 37, which is connectable and Separable 
with respect to the connecting Valve 36, is provided at the 
end of the tube passage 26. In a State in which the connecting 
valves 36, 37 are separated from each other, the end of the 
flow passage 22 is closed so that the fluid 50 does not 
outflow to the outside of the stage. On the other hand, when 
the connecting valves 36, 37 are connected to each other, 
then the end of the flow passage 22 is opened, and the liquid 
50 in the flow passage 22 can flow to the tube passage 26. 
0092. During the exposure process, the connecting valve 
36 is separated from the connecting valve 37. Therefore, the 
Substrate Stage PST is in a State of being Separated from the 
tube passage 26 during the exposure process. Therefore, it is 
possible to Smoothly perform the movement in the Scanning 
direction (Scanning movement) and the movement in the 
non-Scanning direction (Stepping movement). The liquid 50, 
which outflows to the outside of the Substrate P during the 
exposure process, is pooled or Stored in the liquid recovery 
groove 35 and the flow passage 22. 
0093. When the exposure process is completed, the Sub 
Strate Stage PST is moved to the exchange position for the 
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Substrate P (load/unload position). The connecting valves 
36, 37 are connected to each other at the substrate exchange 
position. When the connecting valves 36, 37 are connected 
to each other, then the control unit CONT opens the valve 
28, and the control unit CONT drives the pump 29. Accord 
ingly, the liquid 50, which has been recovered by the liquid 
recovery groove 35 as the recovery unit, is discharged to the 
outside of the Stage at the Substrate exchange position. 

0094. This embodiment is constructed such that the liq 
uid 50 recovered by the liquid recovery groove 35 is 
discharged to the outside of the Stage periodically (for 
example, for every one lot). Therefore, the liquid recovery 
groove 35 is designed to have, for example, a size (volume) 
of Such an extent that the liquid, which corresponds to the 
amount of outflow of one lot, can be retained. In this 
arrangement, the relationship between a predetermined 
number of the substrates to be subjected to the exposure 
process (i.e., corresponding to one lot) and the amount of the 
liquid to be outflowed is previously determined. The size of 
the liquid recovery groove 35 is set on the basis of the 
determined relationship. Further, the time interval for con 
necting the connecting valves 36, 37 (i.e., the timing to 
perform the operation for discharging the liquid to the 
outside of the Stage) is set on the basis of the determined 
relationship described above. 

0.095. In the embodiment described above, the liquid 
recovery groove 35 is formed to have the annular form 
which continues to Surround the entire circumference of the 
substrate P. However, the liquid recovery groove 35 may be 
arranged at a part of the circumference of the Substrate P. 
Alternatively, the liquid recovery groove 35 may be 
arranged discontinuously at predetermined intervals. In this 
embodiment, the liquid recovery groove 35 is formed to 
have the annular form. However, the shape of the liquid 
recovery groove 35 may be, for example, rectangular, which 
may be arbitrarily designed. Further, the liquid-absorbing 
member may be arranged in the liquid recovery groove 35. 

0096. In the respective embodiments described above, 
the auxiliary plate 59 is provided at the outside of the 
substrate P. However, the liquid-absorbing member 21 and/ 
or the liquid recovery groove 35 may be provided at the 
position in the vicinity of the outer circumference of the 
substrate P without providing the auxiliary plate 59. 

0097. The embodiment described above adopts the expo 
Sure apparatus in which the Space between the projection 
optical system PL and the Substrate P is locally filled with 
the liquid. However, the recovery mechanism of the present 
invention, which recovers the liquid inflowed into the attrac 
tion holes for attracting and holding the Substrate P as 
disclosed in FIGS. 6 and 7, is also applicable to the liquid 
immersion exposure apparatus in which the Stage for hold 
ing the exposure objective Substrate is moved in the liquid 
tank and the liquid immersion exposure apparatus in which 
the liquid tank having the predetermined depth is formed on 
the Stage and the Substrate is held therein. AS described 
above, the Structure and the exposure operation of the liquid 
immersion exposure apparatus in which the Stage holding 
the exposure objective Substrate is moved in the liquid tank 
are disclosed, for example, in Japanese Patent Application 
Laid-open No. 6-124873, and the structure and the exposure 
operation of the liquid immersion exposure apparatus in 
which the liquid tank having the predetermined depth is 
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formed on the Substrate Stage and the Substrate is held 
therein are disclosed, for example, in Japanese Patent Appli 
cation Laid-open No. 10-303114 (corresponding to U.S. Pat. 
No. 5,825,043). 

Third Embodiment 

0.098 An explanation will be made below with reference 
to FIGS. 8 to 10 about another embodiment of the recovery 
unit. 

0099. As shown in FIG. 8, the upper surface of the Z 
stage 51 is inclined, and the upper Surface of the holder 57 
for holding the substrate P is horizontal. A liquid recovery 
groove 35 is formed to surround the circumference of the 
holder 57. In this arrangement, the liquid recovery groove 35 
is annular as viewed in a plan View, but the liquid recovery 
groove 35 is inclined as viewed in a side view. That is, the 
liquid recovery groove 35 is arranged along the inclination 
of the upper Surface of the Z Stage 51. Accordingly, the 
liquid 50, which outflows to the outside of the substrate P, is 
Spontaneously pooled at an inclined lower Section 35A of the 
liquid recovery groove 35. Accordingly, it is easy to perform 
the recovery operation for recovering liquid 50 by recover 
ing only the liquid 50 pooled at the inclined lower section 
35A. 

0100. As shown in FIG.9A, the liquid recovery groove 
35 is provided at a part of the upper Surface of the Z Stage 
51. When the exposure process is performed, the liquid 50 
is pooled in the liquid recovery groove 35. As shown in FIG. 
9B, the liquid 50, which is pooled in the liquid recovery 
groove 35, is recovered through a tube 38 which is attached 
to a transport unit H for loading/unloading the Substrate P 
with respect to the substrate stage PST. A tube 38, which 
constitutes a part of the Suction unit, Sucks the liquid 50 
pooled in the liquid recovery groove 35 when the transport 
unit H makes the access with respect to the Substrate Stage 
PST in order that the Substrate P, for which the exposure 
proceSS has been completed, is unloaded from the Substrate 
stage PST. 

Fourth Embodiment 

0101. An explanation will be made below about still 
another embodiment of the recovery unit. As shown in FIG. 
10A, the liquid recovery groove 35 is provided on the upper 
surface of the Z stage 51. The liquid recovery groove 35 is 
connected to a flow passage 39 which penetrates to the lower 
surface side of the Z stage 51. A valve 39A is provided in the 
flow passage 39. Flow passages 40, 41 as through-holes are 
formed through the XY stage 52 and the base 53 respectively 
corresponding to the flow passage 39 of the Z stage 51. The 
Valve 39A is closed during the exposure process, and the 
liquid 50 is pooled in the liquid recovery groove 35 as shown 
in FIG. 10A. When the exposure process is completed, then 
the control unit CONT moves the Substrate stage PST to the 
Substrate exchange position, and the valve 39A is opened. 
Accordingly, as shown in FIG. 10B, the liquid 50 contained 
in the liquid recovery groove 35 is discharged to the outside 
of the Stage in accordance with the Self-weight at the 
Substrate exchange position through the flow passages 39, 
40, 41. It is preferable that the liquid 50 contained in the 
liquid recovery groove 35 is recovered at the substrate 
eXchange position. However, it is also allowable that the 
discharge operation is performed at any positions other than 
the Substrate exchange position. 
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Fifth Embodiment 

0102) In the respective embodiments described above, 
the liquid immersion area is formed on a part of the Substrate 
P such that the liquid supply unit 1 supplies the liquid 50 
onto the substrate P above the substrate P (from above the 
substrate P) by the aid of the Supply nozzles 4, and the liquid 
recovery unit 2 as the Second recovery unit recovers the 
liquid 50 disposed on the substrate P above the Substrate P 
by the aid of the recovery nozzles 5. However, as shown in 
FIG. 11, almost all of the liquid 50 supplied onto the 
substrate P may be recovered by using the recovery unit 20 
provided in the substrate stage PST, without providing the 
liquid recovery unit 2 (recovery nozzles 5) above the Sub 
strate P. FIG. 11 shows the supply nozzles 4, 8 which are 
provided on the both sides of the projection area (optical 
element 60) of the projection optical system PL, so that the 
projection area 60 is intervened between the Supply nozzles 
4, 8 in the scanning direction. When the liquid 50 is supplied 
in order to perform the Scanning exposure for the Substrate 
P, then the liquid 50 may be supplied from any one of the 
Supply nozzles of the Supply nozzles 4, 8, depending on the 
direction of movement of the substrate P or the liquid 50 
may be Supplied simultaneously from the both Supply 
nozzles 4,8. The liquid 50, which is supplied from the liquid 
Supply unit 1, is widely spread on the Substrate P, making it 
possible to form a large liquid immersion area. AS shown in 
a perspective view of FIG. 12, the liquid 50 supplied onto 
the Substrate P outflows to the outside of the Substrate P 
soon. However, almost all of the liquid 50 is recovered by 
the recovery unit 20 having the groove 23 (liquid-absorbing 
member 21) provided as the recovery port around the 
Substrate P. In this arrangement, the liquid immersion area 
can be formed on the substrate P in a well-suited manner by 
continuing the Supply of the liquid 50 onto the substrate Pby 
the liquid Supply unit 1 during the exposure process for the 
substrate P. Further, it is possible to create the flow of the 
fluid 50 on the substrate Powing to the supplied liquid 50. 
Therefore, it is possible to always Supply the flesh (clean) 
liquid 50 onto the substrate P, and it is possible to make the 
liquid 50 on the Substrate P to flow to arrive at the groove 
23. 

0103) The liquid recovery unit 2 as the second liquid 
recovery unit is constructed such that the liquid 50 on the 
Substrate P is Sucked and recovered by using the vacuum 
system above the substrate P by the aid of the recovery 
nozzles 5. The liquid (water) and the gas (air) are recovered 
together. Therefore, the liquid hits, for example, against the 
inner wall of the recovery tube 6, and the sound and/or the 
Vibration appears in Some cases. In Such a Situation, as in the 
embodiment shown in FIGS. 11 and 12, the liquid 50 is 
recovered by using only the recovery unit 20 provided for 
the substrate stage PST without performing the suction and 
recovery above the Substrate P. Accordingly, it is possible to 
avoid the occurrence of the Sound and the Vibration during 
the exposure for the substrate P. 

0104. In the case of this embodiment in which the liquid 
is not recovered above the Substrate P, the mechanism shown 
in FIG. 7 in the second embodiment may be used as the 
recovery unit 20. In the case of FIG. 7, the vacuum pump 
29 does not suck the liquid recovered by the liquid recovery 
groove 35 during the exposure for the substrate P. Therefore, 
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it is also possible to SuppreSS the occurrence of the Sound 
and the vibration associated with the Suction of the liquid, 
which is more effective. 

0105. Further, the following procedure is also available 
as in the embodiment explained above. That is, the liquid 
recovery unit 2, which recovers the liquid through the 
recovery nozzles 5 above the substrate P, is arranged. The 
liquid is recovered by using only the recovery unit 20 
without operating the liquid recovery unit 2 during the 
exposure for the substrate P. The liquid 50 is recovered by 
using the liquid recovery unit 2 and the recovery unit 20 in 
combination after the completion of the exposure for the 
Substrate P. Also in this case, it is possible to Suppress the 
influence of the Sound and the vibration associated with the 
Suction (recovery) of the liquid during the exposure for the 
Substrate P. 

0106 The Substrate P, which is usable in the respective 
embodiments described above, is not limited to the semi 
conductor wafer for producing the Semiconductor device. 
Those applicable include, for example, the glass Substrate 
for the display device, the ceramic wafer for the thin film 
magnetic head, and the master plate (Synthetic quartz, sili 
con wafer) for the mask or the reticle to be used for the 
eXposure apparatuS. 

0107 AS for the exposure apparatus EX, the present 
invention is also applicable to the Scanning type exposure 
apparatus (Scanning stepper) based on the step-and-Scan 
System for performing the Scanning eXposure for the pattern 
of the mask M by synchronously moving the mask M and 
the Substrate P as well as the projection exposure apparatus 
(stepper) based on the step-and-repeat System for perform 
ing the full field exposure for the pattern of the mask M in 
a state in which the mask M and the Substrate Pare made to 
Stand still, while Successively Step-moving the Substrate P. 
The present invention is also applicable to the exposure 
apparatus based on the Step-and-Stitch System in which at 
least two patterns are partially overlaid and transferred on 
the Substrate P. 

0108 AS for the type of the exposure apparatus EX, the 
present invention is not limited to the exposure apparatus for 
the Semiconductor production apparatus for exposing the 
substrate P with the semiconductor device pattern. The 
present invention is also widely applicable, for example, to 
the exposure apparatus for producing the liquid crystal 
display device or for producing the display as well as the 
exposure apparatus for producing, for example, the thin film 
magnetic head, the image pickup device (CCD), the reticle, 
or the mask. 

0109 The present invention is also applicable to a twin 
Stage type exposure apparatus. The Structure and the expo 
Sure operation of the twin-stage type exposure apparatus are 
disclosed, for example, in documents of Japanese Patent 
Application Laid-open Nos. 10-163099 and 10-214783, 
Published Japanese translation of PCT International Publi 
cation for Patent Application No. 2000-505958, and U.S. 
Pat. Nos. 6,341,007, 6,400.441, 6,549,269, and 6,590,634. 
Reference may be made thereto. These United States Patents 
are incorporated herein by reference within a range of 
permission of the domestic laws and ordinances of the State 
designated or Selected in this international application. 
0110. When the linear motor is used for the substrate 
stage PST and/or the mask stage MST, it is allowable to use 
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any one of those of the air floating type based on the use of 
the air bearing and those of the magnetic floating type based 
on the use of the Lorentz's force or the reactance force. Each 
of the stages PST, MST may be either of the type in which 
the movement is effected along the guide or of the guideleSS 
type in which no guide is provided. An example of the use 
of the linear motor for the stage is disclosed in U.S. Pat. Nos. 
5,623,853 and 5,528,118. The contents of the descriptions in 
the documents are incorporated herein by reference respec 
tively within a range of permission of the domestic laws and 
ordinances of the State designated or Selected in this inter 
national application. 

0111 AS for the driving mechanism for each of the stages 
PST, MST, it is also allowable to use a plane motor in which 
a magnet unit provided with two-dimensionally arranged 
magnets and an armature unit provided with two-dimen 
Sionally arranged coils are opposed to each other, and each 
of the stages PST, MST is driven by the electromagnetic 
force. In this arrangement, any one of the magnet unit and 
the armature unit is connected to the stage PST, MST, and 
the other of the magnet unit and the armature unit is 
provided on the side of the movable surface of the stage PST, 
MST. 

0112 The reaction force, which is generated in accor 
dance with the movement of the substrate stage PST, may be 
mechanically released to the floor (ground) by using a frame 
member So that the reaction force is not transmitted to the 
projection optical System PL. The method for handling the 
reaction force is disclosed in detail, for example, in U.S. Pat. 
No. 5,528,118 (Japanese Patent Application Laid-open No. 
8-166475). The contents of the descriptions in the docu 
ments are incorporated herein by reference within a range of 
permission of the domestic laws and ordinances of the State 
designated or Selected in this international application. 

0113. The reaction force, which is generated in accor 
dance with the movement of the mask stage MST, may be 
mechanically released to the floor (ground) by using a frame 
member So that the reaction force is not transmitted to the 
projection optical system PL. The method for handling the 
reaction force is disclosed in detail, for example, in U.S. Pat. 
No. 5,874.820 (Japanese Patent Application Laid-open No. 
8-330224). The contents of the descriptions in the docu 
ments are incorporated herein by reference within a range of 
permission of the domestic laws and ordinances of the State 
designated or Selected in this international application. 

0114 AS described above, the exposure apparatus EX 
according to the embodiment of the present invention is 
produced by assembling the various Subsystems including 
the respective constitutive elements as defined in claims So 
that the predetermined mechanical accuracy, the electric 
accuracy, and the optical accuracy are maintained. In order 
to Secure the various accuracies, those performed before and 
after the assembling include the adjustment for achieving the 
optical accuracy for the various optical Systems, the adjust 
ment for achieving the mechanical accuracy for the various 
mechanical Systems, and the adjustment for achieving the 
electric accuracy for the various electric Systems. The Steps 
of assembling the various Subsystems into the exposure 
apparatus include, for example, the mechanical connection, 
the wiring connection of the electric circuits, and the piping 
connection of the air pressure circuits in correlation with the 
various Subsystems. It goes without Saying that the Steps of 
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assembling the respective individual Subsystems are per 
formed before performing the Steps of assembling the Vari 
ous Subsystems into the exposure apparatus. When the Steps 
of assembling the various Subsystems into the exposure 
apparatus are completed, the overall adjustment is per 
formed to Secure the various accuracies as the entire expo 
Sure apparatus. It is desirable that the exposure apparatus is 
produced in a clean room in which, for example, the 
temperature and the cleanneSS are managed. 
0115. As shown in FIG. 13, the microdevice such as the 
Semiconductor device is produced by performing, for 
example, a step 201 of designing the function and the 
performance of the microdevice, a Step 202 of manufactur 
ing a mask (reticle) based on the designing step, a step 203 
of producing a Substrate as a base material for the device, an 
exposure process Step 204 of exposing the Substrate with a 
pattern of the mask by using the exposure apparatus EX of 
the embodiment described above, a step 205 of assembling 
the device (including a dicing step, a bonding step, and a 
packaging step), and an inspection step 206. 
0116. According to the present invention, even when the 
liquid outflows, the liquid is recovered by the recovery unit 
without being left to stand. Therefore, it is possible to avoid 
the inconvenience resulting from the outflowed liquid, and 
it is possible to produce the device having the high pattern 
accuracy. 

1. An exposure apparatus for exposing a substrate by 
transferring an image of a pattern through a liquid onto the 
Substrate, comprising: 

a projection optical System which projects the image of 
the pattern onto the Substrate; and 

a recovery unit which recovers the liquid outflowed to 
outside of the Substrate. 

2. The exposure apparatus according to claim 1, further 
comprising a Substrate Stage which holds the Substrate, 
wherein the recovery unit has a recovery Section which is 
provided on the Substrate Stage. 

3. The exposure apparatus according to claim 2, wherein 
the recovery Section of the recovery unit is arranged at least 
a part of a Surrounding portion of a holding Section which 
holds the Substrate provided on the Substrate Stage. 

4. The exposure apparatus according to claim 2, wherein 
the recovery Section of the recovery unit includes a liquid 
absorbing member which is arranged on the Substrate Stage. 

5. The exposure apparatus according to claim 4, wherein 
the liquid-absorbing member includes a porous member. 

6. The exposure apparatus according to claim 2, wherein 
the recovery Section of the recovery unit includes a liquid 
recovery groove which is arranged on the Substrate Stage. 

7. The exposure apparatus according to claim 2, wherein 
the recovery Section of the recovery unit includes a recovery 
hole which is provided in the Substrate Stage. 

8. The exposure apparatus according to claim 2, wherein 
the recovery unit recovers the liquid which has leaked into 
a back surface side of the Substrate held by the substrate 
Stage. 

9. The exposure apparatus according to claim 2, wherein 
the recovery unit discharges the liquid recovered by the 
recovery Section when the Substrate Stage arrives at a Sub 
Strate exchange position. 
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10. The exposure apparatus according to claim 2, further 
comprising an Suction unit which Sucks the liquid recovered 
by the recovery Section of the recovery unit. 

11. The exposure apparatus according to claim 2, further 
comprising a tank which collects the liquid recovered by the 
recovery Section of the recovery unit. 

12. The exposure apparatus according to claim 1, further 
comprising a Supply unit which Supplies the liquid to a Space 
between the projection optical System and the Substrate, 
wherein the Supply unit increases an amount of Supply of the 
liquid when a liquid immersion portion, which is disposed 
between the projection optical System and the Substrate, is 
located in the vicinity of a circumferential edge of the 
Substrate. 

13. The exposure apparatus according to claim 1, further 
comprising a Second recovery unit which recovers the liquid 
on the Substrate, wherein the Second recovery unit decreases 
an amount of recovery of the liquid when a liquid immersion 
portion, which is disposed between the projection optical 
System and the Substrate, is located in the vicinity of a 
circumferential edge of the Substrate. 

14. The exposure apparatus according to claim 1, wherein 
the Substrate Stage, which holds the Substrate, has an attrac 
tion hole which is provided to attract and hold the Substrate, 
and the Substrate Stage includes a third recovery unit which 
recovers the liquid outflowed to the outside of the substrate 
and inflowed into the attraction hole. 

15. The exposure apparatus according to claim 14, 
wherein the third recovery unit includes a separator which 
Separates the liquid from any gas inflowed from the attrac 
tion hole. 

16. The exposure apparatus according to claim 1, wherein 
the recovery unit includes a separator which Separates the 
recovered liquid from any gas recovered together with the 
liquid. 

17. The exposure apparatus according to claim 1, further 
comprising a Second recovery unit which recovers the liquid 
on the Substrate above the Substrate. 

18. The exposure apparatus according to claim 1, further 
comprising a liquid Supply unit which Supplies the liquid 
onto the Substrate above the Substrate, wherein almost all of 
the liquid Supplied onto the Substrate is recovered by the 
recovery unit. 

19. An exposure apparatus for exposing a Substrate by 
transferring an image of a pattern through a liquid onto the 
Substrate, comprising: 

a projection optical System which projects the image of 
the pattern onto the Substrate; 

a liquid Supply mechanism which Supplies the liquid 
above the Substrate; and 

a recovery unit which recovers the liquid Supplied from 
the liquid Supply mechanism, 

wherein the recovery unit does not perform the recovering 
above the Substrate. 

20. An exposure apparatus for exposing a Substrate by 
transferring an image of a pattern through a liquid onto the 
Substrate, comprising: 

a projection optical System which projects the image of 
the pattern onto the Substrate; 

a Suction System which has a Suction port; and 
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a recovery unit which recovers the liquid Sucked through 
the Suction port. 

21. The exposure apparatus according to claim 20, 
wherein the recovery unit Separates any gas from the liquid 
Sucked through the Suction port. 

22. The exposure apparatus according to claim 20, 
wherein the Suction port is provided to hold an object at a 
predetermined position. 

23. The exposure apparatus according to claim 22, further 
comprising a Substrate Stage, wherein the object is the 
Substrate, and the Suction port is provided on the Substrate 
Stage to attract and hold the Substrate. 

24. An exposure apparatus for exposing a Substrate by 
transferring an image of a pattern through a liquid onto the 
Substrate, comprising: 

a projection optical System which projects the image of 
the pattern onto the Substrate; 

a Substrate Stage which holds the Substrate; and 
a recovery unit which recovers the liquid and at least a 

part of which is provided on the Substrate Stage. 
25. The exposure apparatus according to claim 24, 

wherein the recovery unit recovers the liquid which has 
leaked into a back Surface Side of the Substrate. 

26. The exposure apparatus according to claim 24, 
wherein the recovery unit has a recovery Section disposed on 
an upper Surface of the Substrate Stage. 

27. The exposure apparatus according to claim 26, 
wherein the Substrate stage has a holding section which 
holds the back Surface of the Substrate, and the recovery unit 
has another recovery Section disposed at the holding Section. 

28. The exposure apparatus according to claim 24, 
wherein the recovery unit includes a liquid-absorbing mem 
ber. 

29. The exposure apparatus according to claim 24, 
wherein the recovery unit has a groove portion which is 
provided on the Substrate Stage. 
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30. The exposure apparatus according to claim 24, 
wherein the recovery unit has a Separator which Separates 
any gas from the recovered liquid. 

31. The exposure apparatus according to claim 24, 
wherein the liquid, which is recovered by the recovery unit, 
is discharged when the Substrate Stage is moved to a pre 
determined position. 

32. The exposure apparatus according to claim 31, 
wherein the predetermined position includes a Substrate 
eXchange position. 

33. The exposure apparatus according to claim 24, further 
comprising an interferometer mirror which is provided on 
the Substrate Stage, wherein a liquid recovery Section of the 
recovery unit is arranged close to the interferometer mirror. 

34. A method for producing a device, characterized by 
using the exposure apparatus as defined in claim 1. 

35. A method for producing a device, characterized by 
using the exposure apparatus as defined in claim 19. 

36. A method for producing a device, characterized by 
using the exposure apparatus as defined in claim 20. 

37. A method for producing a device, characterized by 
using the exposure apparatus as defined in claim 24. 

38. An exposure method for exposing a Substrate by 
transferring an image of a predetermined pattern onto the 
Substrate with a projection optical System, comprising: 

Supplying a liquid above the Substrate to a Space between 
the projection optical System and the Substrate; 

recovering the Supplied liquid from a position which is 
outside the substrate and which is lower than that of the 
Substrate; and 

exposing the Substrate during a period in which the liquid 
is Supplied and recovered. 

39. The exposure method according to claim 38, further 
comprising recovering the Supplied liquid above the Sub 
Strate. 


