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(57) ABSTRACT 

An exposure apparatus projects a pattern image onto a sub 
strate via a projection optical system and a liquid, and the 
projection optical system has an optical member that comes 
into contact With the liquid and an optical group arranged 
between the optical member and a reticle. A holding mecha 
nism that holds the optical member and the optical group 
holds the optical member so that it is movable relative to the 
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FIG. 6 
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EXPOSURE APPARATUS AND DEVICE 
MANUFACTURING METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This is a Divisional Application of US. patent appli 
cation Ser. No. 11/325,332, ?led Jan. 5, 2006, Which is a 
Continuation Application of International Application No. 
PCT/J P2004/ 009995, ?led Jul. 7, 2004, Which claims priority 
to Japanese Patent Application Nos. 2003-272614 (?led on 
Jul. 9, 2003) and 2004-044801 (?led on Feb. 20, 2004). The 
contents of the aforementioned applications are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to an exposure appa 
ratus that exposes a substrate in a status in Which the space 
betWeen the projection optical system and the substrate has 
been ?lled With a liquid, and to a device manufacturing 
method that uses this exposure apparatus. 
[0004] 2. Description of RelatedArt 
[0005] A semiconductor device or a liquid crystal display 
device is manufactured by the technique knoWn as photoli 
thography, in Which a pattern formed on a mask or reticle 
(hereunder called “reticle”) is transferred onto a substrate 
such as a Wafer or a glass plate. The exposure apparatus used 
in this photolithography process has a reticle stage that sup 
ports a reticle and a substrate stage that supports a substrate, 
and it transfers a reticle pattern to a substrate via a projection 
optical system While sequentially moving the reticle stage 
and the substrate stage. In recent years, higher resolutions for 
projection optical systems have been in demand to deal With 
further high integration of device patterns. The resolution of 
the projection optical system becomes higher the shorter the 
exposure Wavelength used and the larger the numerical aper 
ture of the projection optical system. For this reason, the 
exposure Wavelengths used in the exposure apparatus are 
becoming shorter each year, and the numerical apertures of 
projection optical systems are also increasing. In addition, the 
mainstream exposure Wavelength at present is the 248 nm of 
a KrF excimer laser, but a shorter Wavelength, the 193 nm of 
an ArF excimer laser, is also coming into practical applica 
tion. In addition, When exposure is performed, the depth of 
focus (DOF) is also important in the same Way as the resolu 
tion. The resolution Re and the depth of focus 6 are expressed 
by the respective equations beloW. 

ReIkI-A/NA, (1) 

6::k2-A/NA2, (2) 

[0006] Here, 7» is the exposure Wavelength, NA is the 
numerical aperture of the projection optical system, and k1 
and k2 are process coef?cients. Based on Equation (1) and 
Equation (2), it is apparent that When the exposure Wave 
length 7» is made shorter to increase the numerical aperture 
NA in order to increase the resolution Re, the depth of focus 
6 becomes narroWer. 

[0007] When the depth of focus 6 becomes too narroW, it 
becomes dif?cult to match the substrate surface to the image 
plane of the projection optical system, and there is concern 
that the focus margin during the exposure operation Will be 
inadequate. Therefore, the liquid immersion method dis 
closed in PCT International Publication No. WO99/49504, 
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for example, has been proposed as a method of effectively 
shortening the exposure Wavelength and Widening the depth 
of focus. This liquid immersion method ?lls the space 
betWeen the loWer surface of the projection optical system 
and the substrate surface With a liquid such as Water or an 
organic solvent, and it uses the fact that the Wavelength of the 
exposure light in liquid becomes 1/n in air (n is normally 
approximately 1.2 to 1.6 at the refractive index of the liquid) 
to increase the resolution as it expands the depth of focus by 
approximately n times. 
[0008] In any case, in a status in Which the space betWeen 
the substrate surface and the end face of the optical member 
that is most on the substrate side of the projection optical 
system is ?lled With liquid, vibration produced by the move 
ment of the substrate stage that supports the substrate is 
transmitted to the optical member at the terminating end 
thereof via the liquid, and there is a possibility that the pattern 
image projected onto the substrate via the projection optical 
system and the liquid Will deteriorate. 
[0009] Furthermore, in the aforementioned prior art, in 
order to form a liquid immersion region, a noZZle member 
that has a liquid supply port and a liquid recovery port is used 
to perform liquid supply and recovery, but When liquid pen 
etrates into the gap betWeen the noZZle member and the pro 
jection optical system, there is a possibility of nonconformi 
ties such as rust being produced on the barrel that holds the 
optical members that comprise the projection optical system 
or the optical members dissolving. It is also conceivable that 
liquid Will penetrate to the interior of the barrel, and there is a 
possibility of the above nonconformities occurring in that 
case as Well. 

[0010] In addition, due to the effects of the liquid that has 
penetrated, there is a possibility of a nonconformity occurring 
Whereby, for example, the optical member that is mo st on the 
image plane side in the projection optical system deforms or 
vibrates, albeit slightly, leading to deterioration of exposure 
accuracy and measurement accuracy. 

SUMMARY OF THE INVENTION 

[0011] The present invention Was devised taking such cir 
cumstances into account, and its purpose is to provide an 
exposure apparatus that is able to restrict pattern image dete 
rioration When the space betWeen the projection optical sys 
tem and the substrate is ?lled With liquid and exposure pro 
cessing is performed, and to provide a device manufacturing 
method that uses this exposure apparatus. 
[0012] In order to solve the aforementioned problems, the 
present invention adopts the folloWing con?guration corre 
sponding to FIG. 1 to FIG. 10 shoWn in the embodiments. 
[0013] The exposure apparatus of the present invention is 
an exposure apparatus that has a projection optical system 
that includes an optical member that comes into contact With 
a liquid and an optical group arranged betWeen said optical 
member and a pattern and that exposes a substrate by project 
ing a pattern image onto the substrate via the projection 
optical system and the liquid. The exposure apparatus 
includes a holding mechanism that holds the optical member 
and the optical group. The holding mechanism holds the 
optical member in such a Way that it is movable relative to the 
optical group. 
[0014] Through the present invention, the optical member 
of the projection optical system that comes into contact With 
the liquid (namely, the front lens) is held in such a Way that it 
is movable relative to the optical group arranged With that 
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optical member and the pattern, so the vibration that is trans 
ferred to the optical member is absorbed by that optical mem 
ber moving. Therefore, transmission of the vibration of the 
optical member to the optical group can be prevented. 
[0015] In addition, the purpose of the present invention is to 
provide an exposure apparatus that is able to prevent the 
penetration of liquid into the projection optical system to 
maintain high exposure accuracy and measurement accuracy, 
as Well as a device manufacturing method that uses that 

exposure apparatus. 
[0016] In order to solve the above problem, the present 
invention employs the folloWing con?guration corresponding 
to FIG. 10 to FIG. 16, Which shoW an embodiment. 

[0017] The exposure apparatus of the present invention is 
an exposure apparatus that exposes a substrate by forming a 
liquid immersion region of a liquid on the image plane side of 
a projection optical system, and projecting a pattern onto said 
substrate via said projection optical system and said liquid. 
The exposure apparatus includes: a ring-shaped member that 
is provided so as to surround the side surface of a optical 
member or the side surface of a holding member and has at 
least one of either a liquid supply port or a liquid recovery 
port, said optical member being among a plurality of optical 
members of said projection optical system and coming into 
contact With said liquid, said holding member holding said 
optical member, and a ?rst seal member that blocks penetra 
tion of liquid betWeen said optical member or the side surface 
of said holding member and said ring-shaped member. 
[0018] Through the present invention, by providing a ?rst 
seal member, it is possible to prevent the penetration of liquid 
into the space betWeen the optical member or the holding 
member and the ring-shaped member. Therefore, it is pos 
sible to prevent nonconformities such as rust being produced 
on the holding member and the optical member dissolving. In 
addition, since liquid does not penetrate into the space 
betWeen the optical member or the holding member and the 
ring-shaped member, it is possible to prevent occurrences 
such as vibration or deformation of the optical member result 
ing from liquid that has penetrated. Therefore, it is possible to 
perform exposure processing and measurement processing 
via the liquid With good accuracy. 
[0019] The exposure apparatus of the present invention is 
an exposure apparatus that exposes a substrate by forming a 
liquid immersion region of a liquid on the image plane side of 
a projection optical system, and projecting a pattern onto said 
substrate via said projection optical system and said liquid. 
The exposure apparatus includes; a holding member that 
holds a optical member being among a plurality of optical 
members of said projection optical system and coming into 
contact With said liquid; and a seal member that blocks a How 
of gas betWeen said optical member and said holding mem 
ber. 
[0020] Through the present invention, by providing a seal 
member, it is possible to prevent the How of gas betWeen the 
exterior and the interior space of the holding member that 
holds the plurality of optical members that comprise the pro 
jection optical system. Therefore, even if the con?guration is 
such that the interior space of the holding member is ?lled 
With a prescribed gas, it is possible to prevent the penetration 
of exterior gas and liquid into that interior space and to main 
tain the desired environment in the interior space. 
[0021] The device manufacturing method of the present 
invention uses the exposure apparatus described above. 
Through the present invention, it is possible to maintain high 
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exposure accuracy and measurement accuracy, so it is pos 
sible to provide a device that is able to exhibit the desired 
performance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a schematic block diagram that shoWs an 
embodiment of the exposure apparatus of the present inven 
tion. 
[0023] FIG. 2 is an enlarged vieW of the vicinity of the front 
end portion of the projection optical system. 
[0024] FIG. 3 is a draWing that shoWs the positional rela 
tionship betWeen the projection region of the projection opti 
cal system, the liquid supply apparatus and the liquid recov 
ery apparatus. 
[0025] FIG. 4 is a block diagram that shoWs an embodiment 
of the projection optical system relating to the present inven 
tion. 
[0026] FIG. 5 is an enlarged cross-sectional vieW of the 
vicinity of the ?rst holding member and the connection 
mechanism. 
[0027] FIG. 6 is an oblique vieW of the ?exure that com 
prises the connection mechanism. 
[0028] FIG. 7 is a front vieW of the ?exure that comprises 
the connection mechanism. 
[0029] FIG. 8 is a control block diagram of the image 
adjustment mechanism. 
[0030] FIG. 9 is a block diagram that shoWs another 
embodiment of the projection optical system relating to the 
present invention. 
[0031] FIG. 10 is a schematic block diagram that shoWs an 
embodiment of the exposure apparatus of the present inven 
tion. 
[0032] FIG. 11 is a plan vieW that shoWs the positional 
relationship betWeen the liquid supply port, the liquid recov 
ery port and the projection region of the projection optical 
system. 
[0033] FIG. 12 is an enlarged cross-sectional vieW of the 
vicinity of the optical element and the channel formation 
member. 
[0034] FIG. 13 is an enlarged cross-sectional vieW that 
shoWs the vicinity of the ?rst seal member. 
[0035] FIG. 14 is an enlarged cross-sectional vieW that 
shoWs the vicinity of the second seal member. 
[0036] FIG. 15 is a cross-sectional vieW that shoWs a sepa 
rate embodiment of the ?rst seal member. 
[0037] FIG. 16 is a How chart that shoWs an example of the 
manufacturing process of the semiconductor device. 

DETAILED DESCRIPTION OF THE INVENTION 

[0038] The exposure apparatus and device manufacturing 
method of the present invention Will be explained beloW 
While referring to the draWings. 

First Embodiment 

[0039] FIG. 1 is a schematic block diagram that shoWs an 
embodiment of the exposure apparatus of the present inven 
tion. 
[0040] In FIG. 1, the exposure apparatus EX comprises a 
reticle stage RST that supports a reticle, a substrate stage 
WST that supports a substrate W, an illumination optical 
system IL that uses exposure light EL to illuminate the reticle 
R that is supported by the reticle stage RST, a projection 
optical system PL that projection exposes the pattern image of 
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the reticle illuminated by the exposure light EL onto the 
substrate W supported on the substrate stage WST, and a 
control apparatus CONT that comprehensively controls 
operation of the entire exposure apparatus EX. 

[0041] Here, in the present embodiment, an explanation 
Will be given Which uses as an example the case of a scanning 
exposure apparatus (a so-called scanning stepper) that, as the 
exposure apparatus EX, synchronously moves the reticle R 
and the substrate W in a direction (reverse direction) that is 
mutually different from the scanning direction While expos 
ing the pattern formed on the reticle R onto the substrate W. In 
the folloWing explanation, the direction that matches the opti 
cal axis AX of the projection optical system PL is the Z axis 
direction, the synchronous movement direction (scanning 
direction) of the reticle R and the substrate W Within a plane 
perpendicular to the Z axis direction is the X axis direction, 
and the direction (non-scanning direction) perpendicular to 
the Z axis direction and the X axis direction is the Y axis 
direction. In addition, the rotation (tilting) directions around 
the X axis, Y axis and Z axis are the 6X, BY and GZ directions 
respectively. Note that the “substrate” mentioned here 
includes those in Which a resist has been coated onto a semi 
conductor Wafer or a glass Wafer. 

[0042] The exposure apparatus EX of the present invention 
is a liquid immersion exposure apparatus that applies the 
liquid immersion method to effectively shorten the expo sure 
Wavelength to improve resolution While effectively Widening 
the depth of focus, and it comprises a liquid supply apparatus 
1 that supplies liquid LQ onto the substrate W and a liquid 
recovery apparatus 2 that recovers the liquid LQ on the sub 
strate W. The exposure apparatus EX forms a liquid immer 
sion region AR2 on a portion on the substrate W that contains 
the projection regionAR1 of the projection optical system PL 
by means of the liquid LQ supplied from the liquid supply 
apparatus 1 While at least the pattern image of the reticle R is 
being transferred onto the substrate W. Speci?cally, the expo 
sure apparatus EX adopts a local liquid immersion con?gu 
ration (Local Liquid Filling) that ?lls the space betWeen the 
optical member (optical element) G12 of the terminating end 
portion of the projection optical system PL and the surface of 
the substrate W With liquid LQ, and it exposes the substrate W 
by projecting the pattern image of the reticle R onto the 
substrate W via the projection optical system PL and the 
liquid LQ betWeen this projection optical system PL and the 
substrate W. 

[0043] The illumination optical system IL uses exposure 
light EL to illuminate a reticle R that is supported on the 
reticle stage RST, and it has an exposure light source, an 
optical integrator that evens out the illumination intensity of 
the luminous ?ux that has exited from the exposure light 
source, a condenser lens that focuses the exposure light EL 
from the optical integrator, a relay lens system, and a variable 
?eld diaphragm that sets the illumination region on the reticle 
R resulting from the exposure light EL in a slit shape. The 
prescribed illumination region on the reticle R is illuminated 
by exposure light EL With an even illumination intensity 
distribution by means of the illumination optical system IL. 
Used as the exposure light EL that is irradiated from the 
illumination optical system IL are, for example, deep ultra 
violet light (DUV light) such as ultraviolet band bright lines 
(g-rays, h-rays, i-rays) irradiated from a mercury lamp and 
KrF excimer laser light (Wavelength of 248 nm) or vacuum 
ultraviolet light (VUV light) such as ArF excimer laser light 
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(Wavelength of 193 nm) and F2 laser light (Wavelength of 157 
nm). In the present embodiment, ArF excimer laser light is 
used. 

[0044] Here, in the present embodiment, demineraliZed 
Water is used for the liquid LQ. DemineraliZed Water can be 
passed through not only by ArF excimer laser light but deep 
ultraviolet light (DUV light) such as ultraviolet band bright 
lines (g-rays, h-rays, i-rays) irradiated from a mercury lamp 
and KrF excimer laser light (Wavelength of 248 nm). 
[0045] The reticle stage RST uses a reticle holder RH to 
support a reticle R on Which a circuit pattern that is the base 
image is formed, and it is capable of tWo dimensional move 
ment Within a plane perpendicular to the optical axis AX of 
the projection optical system PL, that is, Within the XY plane, 
and microrotation in the GZ direction. The reticle stage RST is 
driven by a reticle stage drive apparatus RSTD such as a linear 
motor. 

[0046] The reticle stage drive apparatus RSTD is controlled 
by a control apparatus CONT. A movable mirror 50 is pro 
vided on the reticle holder RH (or on the reticle stage RST). In 
addition, a laser interferometer 51 is provided at a position 
that opposes the movable mirror 50. The position in the tWo 
dimensional direction and the angle of rotation in the GZ 
direction (depending on the case, also the microrotation 
angles in the 6X and BY directions) of the reticle R on the 
reticle stage RST are measured in real time by a laser inter 
ferometer 51, and the measurement results are output to a 
control apparatus CONT. The control apparatus CONT per 
forms positioning of the reticle R that is supported on the 
reticle stage RST by driving the reticle stage drive apparatus 
RSTD based on the measurement results of the laser interfer 
ometer 51. In addition, a plurality of actuators 150 (150A to 
150C) is provided betWeen the reticle holder RH, Which holds 
the reticle R, and the reticle stage RST. Through the driving of 
the actuators 150, the reticle holder RH that holds the reticle 
R is able to move in tilt directions that include the Z axis 
direction and the 6X and BY directions. 

[0047] The projection optical system PL projection 
exposes the pattern of the reticle R onto a substrate W at a 
prescribed projection magni?cation [3. In the present embodi 
ment, the projection optical system PL is a reduction system 
in Which the projection magni?cation [3 is 1/4 or 1/s, for 
example. Note that the projection optical system PL may be 
either a magni?cation system or an enlargement system. 

The projection optical system PL comprises an optical mem 
ber G12 that is arranged on the terminating end side (substrate 
W side) of the projection optical system PL and comes into 
contact With the liquid LQ, and an optical group MPL that has 
a plurality of optical elements G1 to G11 arranged betWeen 
optical element G12 and the reticle R that has the pattern. 
Note that, in the present embodiment, optical element G12 is 
one plane-convex lens element. In addition, the plurality of 
optical elements G1 to G12 that comprise the projection 
optical system PL are held by a holding mechanism HG. The 
holding mechanism HG comprises a barrel (second holding 
member) PLB, Which holds the optical group MPL, and a lens 
holding portion MLM, Which holds lens element G12. The 
lens holding portion MLM comprises a lens cell (?rst holding 
member) LS12 that holds lens element G12, and a connection 
mechanism 100 that softly connects the lens cell LS12 to the 
barrel PLB. The connection mechanism 100 comprises ?ex 
ures (100A to 100C) as the elastic members discussed beloW. 
The lens element G12 held in the lens cell LS12 is movable 
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relative to the optical group MPL held by the barrel PLB by 
means of the connection mechanism 100. 

[0048] A ?ange portion FLG is provided at the outer cir 
cumference portion of the barrel PLB, and the projection 
optical system PL is supported by a column (the main unit 
body of the exposure apparatus) CL via the ?ange portion 
FLG. 
The optical elements G1 to G12 are formed of ?uorite or 
quartz, and the curved surfaces of some of the optical ele 
ments are aspherically polished. Particularly When lens ele 
ment G12 is formed of ?uorite, this ?uorite as-is becomes 
corroded by the Water over a long period of time, so it is 
coated With an appropriate thin ?lm to increase a?inity. 
Through this, it is possible to cause the liquid LQ to closely 
adhere to nearly the entire surface of the liquid contact surface 
of lens element G12, and it is possible to reliably ?ll the 
optical path betWeen the lens element G12 and the substrate 
W With the liquid LQ. Note that the lens element G12 may 
also be quartz that has a high af?nity With Water. In addition, 
in the case Where hydrophilic (lyophilic) treatment is per 
formed by coating the liquid contact surface 211 of the lens 
element G12 to increase the af?nity With the liquid LQ, in a 
dry status in Which Water has been removed from the liquid 
immersion region AR2, a special ?lm structure (for example, 
a ?lm that increases in temperature When an electric ?eld is 
applied, and the molecular arrangement changes, and a slight 
current ?oWs) that causes the Water content to quickly escape 
from the liquid contact surface of the lens element G12 may 
also be used. 
[0049] The substrate stage WST supports a substrate W, 
and it comprises a Z stage 52 that supports the substrate W via 
a substrate holder and an XY stage 53 that supports the Z 
stage 52. The substrate stage WST that includes the Z stage 52 
and the XY stage 53 is supported by a stage base 54. The 
substrate stage WST is driven by a substrate stage drive appa 
ratus WSTD such as a linear motor. The substrate stage drive 
apparatus WSTD is controlled by a control apparatus CONT. 
The position (focus position) of the substrate W supported on 
the Z stage 52 in the Z axis direction and the position in the 6X 
and BY directions are controlled by driving the Z stage 52. In 
addition, the position of the substrate W in the XY direction 
(position in a direction that is effectively parallel With the 
image plane of the projection optical system PL) is controlled 
by driving the XY stage 53. Speci?cally, the Z stage 52 
controls the focus position and the tilt angle of the substrate W 
to make the surface of the substrate W match With the image 
plane of the projection optical system PL using an autofocus 
system or an autoleveling system, and the XY stage 53 per 
forms positioning of the substrate W in the X axis direction 
and theY axis direction. Note that it goes Without saying that 
Z stage and the XY stage should be provided as a unit. 
[0050] A movable mirror 55 is provided on the substrate 
stage WST (Z stage 52). A laser interferometer 56 is provided 
at a position that opposes the movable mirror 55. 
The position in the tWo-dimensional direction and the angle 
of rotation of the substrate W on the substrate stage WST are 
measured in real time by the laser interferometer 56, and the 
measurement results are output to a control apparatus CONT. 
The control apparatus CONT performs positioning of the 
substrate W supported on the substrate stage WST by driving 
the substrate stage drive apparatus WSTD based on the mea 
surement results of the laser interferometer 56. 

[0051] In addition, an auxiliary plate 57 that surrounds the 
substrate W is provided on the substrate stage WST (Z stage 
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52). The auxiliary plate 57 has a plane that is nearly the same 
height as the surface of the substrate W supported on the 
substrate holder. Here, there is a gap of approximately 0.1 to 
l .0 mm betWeen the edge of the substrate W and the auxiliary 
plate 57, but even in the case Where there is almost no ?oW of 
the liquid LQ into that gap due to the surface tension of the 
liquid LQ, and the vicinity of the periphery of the substrate W 
is exposed, it is possible to hold the liquid LQ beloW lens 
element G12 of the projection optical system PL by means of 
the auxiliary plate 57. 
[0052] The exposure apparatus EX comprises a liquid sup 
ply apparatus 1 that supplies liquid LQ onto the substrate W 
and a liquid recovery apparatus 2 that recovers the liquid LQ 
on the substrate W. The liquid supply mechanism 1 is for 
supplying the liquid LQ onto the substrate W and ?lling the 
space betWeen lens element G12 of the terminating end por 
tion of the projection optical system PL and the substrate W to 
form a liquid immersion region AR2, and it comprises a tank 
that accommodates the liquid LQ, a pressurization pump, and 
a temperature adjustment apparatus that adjusts the tempera 
ture of the supplied liquid LQ. One end portion of a supply 
tube 3 is connected to the liquid supply apparatus 1, and a 
supply nozzle 4 is connected to the other end portion of the 
supply tube 3. The liquid supply apparatus 1 supplies liquid 
LQ onto the substrate W via a supply tube 3 and a supply 
nozzle 4. 

[0053] The liquid recovery apparatus 2 comprises a suction 
pump and a tank that accommodates the recovered liquid LQ. 
[0054] One end portion of a recovery tube 6 is connected to 
the liquid recovery apparatus 2, and a recovery nozzle 5 is 
connected to the other end portion of the recovery tube 6. The 
liquid recovery apparatus 2 recovers the liquid LQ on the 
substrate W via the recovery nozzle 5 and the recovery tube 6. 
When the liquid immersion region AR2 is formed, the control 
apparatus CONT drives the liquid supply apparatus 1 and 
supplies the prescribed amount of liquid LQ per unit time via 
a supply tube 3 and a supply nozzle 4 as it drives the liquid 
recovery apparatus 2 and recovers the prescribed amount of 
liquid LQ per unit time via recovery nozzle 5 and recovery 
tube 6. Through this, a liquid immersion region AR2 of the 
liquid LQ is formed betWeen the substrate W and the lens 
element G12 of the terminating end portion of the projection 
optical system PL. 
[0055] FIG. 2 is a front vieW that shoWs the loWer portion of 
the projection optical system PL of the exposure apparatus 
EX, the liquid supply apparatus 1 and the liquid recovery 
apparatus 2, FIG. 3 is a draWing that shoWs the positional 
relationship betWeen the projection region AR1 of the pro 
jection optical system PL and the supply nozzle 4 and the 
recovery nozzle 5. The projection region AR1 of the projec 
tion optical system PL is a long, narroW rectangular shape (slit 
shape) in theY axis direction, and three supply nozzles 4A to 
4C are arranged on the +X side and tWo recovery nozzles 5A, 
5B are arranged on the —X side so as to interpose that projec 
tion region AR1 in the X axis direction. Also, the supply 
nozzles 4A to 4C are connected to the liquid supply apparatus 
1 via a supply tube 3, and the recovery nozzles 5A, 5B are 
connected to the liquid recovery apparatus 2 via a recovery 
tube 4. In addition, supply nozzles 8A to SC and recovery 
nozzles 9A and 9B are arranged at a position at Which supply 
nozzles 4A to 4C and recovery nozzles 5A and 5B are rotated 
nearly 180° about the optical axis of the projection optical 
system PL. Supply nozzles 4A to 4C and recovery nozzles 9A 
and 9B are alternately arranged in theY axis direction, supply 




































