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(57) ABSTRACT 

An exposure apparatus Wherein an image of a pattern is 
projected onto a substrate via a projection optical system to 
expose the substrate, includes: a substrate moving device 
that is movable While holding the substrate above the 
projection optical system; and a liquid immersion unit that 
?lls at least a portion of the space betWeen the projection 
optical system and the substrate With a liquid, Wherein the 
image of the pattern is projected onto the substrate via the 
projection optical system and the liquid. 
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EXPOSURE APPARATUS AND METHOD FOR 
MANUFACTURING DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This is a Divisional of Application No. 11/239,402, 
?led Sep. 30, 2005, Which is a Continuation Application of 
International Application No. PCT/JP2004/004969, ?led 
Apr. 6, 2004, Which claims priority to Japanese Patent 
Application No. 2003-103145, ?led Apr. 7, 2003. The con 
tent of the aforementioned application is incorporated herein 
by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to an exposure appa 
ratus and a device manufacturing method in Which an image 
of a pattern is projection-exposed onto a substrate via a 
projection optical system and, in particular, to a liquid 
immersion type exposure apparatus. 

[0004] 2. Description of Related Art 

[0005] Semiconductor devices and liquid crystal display 
devices are manufactured through the so-called photolithog 
raphy technique, by Which a pattern formed on a mask is 
transferred onto a photosensitive substrate. The exposure 
apparatus used in the photolithography process has a mask 
stage that supports a mask and a substrate stage that supports 
a substrate, and transfers the mask pattern, via a projection 
optical system, onto the substrate While successively moving 
the mask stage and the substrate stage. In recent years, there 
has been demand for higher resolution projection optical 
systems in order to handle the much higher levels of 
integration of device patterns. 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. Consequently, the 
exposure Wavelength used in exposure apparatuses has 
shortened year by year, and the numerical aperture of 
projection optical systems has also increased. Furthermore, 
the currently mainstream exposure Wavelength is the 248 nm 
KrF excimer laser, but an even shorter Wavelength 193 nm 
ArF excimer laser is also being commercialiZed. In addition, 
as Well as resolution, the depth of focus (DOF) is also 
important When performing an exposure. The resolution R 
and the depth of focus 6 are respectively expressed by the 
folloWing formulas: 

Where 7» is the exposure Wavelength, NA is the numerical 
aperture of the projection optical system, and k1 and k2 are 
process coef?cients. It can be seen from formulas (1) and (2) 
that if, to enhance the resolution R, the Wavelength 7» is made 
shorter and the numerical aperture is made larger, then the 
depth of focus 6 becomes narroWer. 

[0006] When the depth of focus 6 becomes too narroW, it 
becomes dif?cult to make the substrate surface coincide With 
the image plane of the projection optical system, and thus 
there occurs the possibility that the focus margin during the 
exposure operation Will be insufficient. Accordingly, the 
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liquid immersion method has been proposed, as disclosed in, 
for example, Japanese Unexamined Patent Application, First 
Publication No. H10-303114, as a method to substantially 
shorten the exposure Wavelength and increase the depth of 
focus. This liquid immersion method is designed to, by 
?lling the space betWeen the under surface of the projection 
optical system and the substrate surface With a liquid, e.g., 
Water or organic solvent, form a liquid immersion region and 
thus by taking advantage of the fact that the Wavelength of 
the exposure light in the liquid becomes 1/n times (n is the 
refractive index of the liquid and is generally about 1.2 to 
1.6) of that in the air, improve the resolution and, at the same 
time, enlarge the depth of focus by approximately n times. 

[0007] By the Way, With the above-mentioned related art, 
there are problems as described beloW. 

[0008] The immersion liquid type exposure apparatus dis 
closed in the above-mentioned Japanese Unexamined Patent 
Application, First Publication No. H10-303114, is con?g 
ured such that a liquid bath is formed of a holder table, Wall 
portions, etc. on a substrate stage, and a substrate is posi 
tioned in the liquid bath. In the case of such a con?guration, 
When the substrate stage is moved, there arises not only the 
possibility that the liquid surface undulates and the liquid 
scatters, but also the possibility that the pattern image 
projected onto the substrate deteriorates due to the undula 
tion of the liquid. In addition, pipings for supplying and 
recovering the liquid need to be connected to the substrate 
stage, Which may adversely affect the movement accuracy of 
the stage. 

SUMMARY OF THE INVENTION 

[0009] The present invention has been made in consider 
ation of such situations, and its objective is to provide an 
exposure apparatus and a device manufacturing method in 
Which scattering of the liquid for forming a liquid immersion 
region is suppressed, the movement of the substrate stage is 
not obstructed by pipings and the like for supplying and 
recovering the liquid, and a substrate can be exposed With a 
required pattern accuracy. 

[0010] To resolve the above-described problems, the 
present invention adopts the folloWing con?guration corre 
sponding to FIGS. 1 to 8 as illustrated in embodiments. 

[0011] An exposure apparatus of the present invention is 
an exposure apparatus Wherein an image of a pattern is 
projected onto a substrate via a projection optical system to 
expose the substrate, the exposure apparatus includes a 
substrate moving means that is movable While holding the 
substrate above the projection optical system and a liquid 
immersion unit that ?lls at least a portion of the space 
betWeen the projection optical system, Wherein the substrate 
With a liquid and projects the image of a pattern onto the 
substrate via the projection optical system and the liquid. 

[0012] Further, a device manufacturing method of the 
present invention uses the above-described exposure appa 
ratus. 

[0013] In accordance With the present invention, since the 
substrate moving device that is movable While holding the 
substrate is provided above the projection optical system, a 
liquid immersion region can be formed betWeen the projec 
tion optical system and the substrate, With the liquid being 
held on the upper end portion of the projection optical 
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system ?xed at a predetermined position. That is, since it is 
con?gured such that the substrate moves relative to the 
liquid, scattering of the liquid can be suppressed, and 
deterioration of the pattern image projected onto the sub 
strate can be prevented. In addition, since pipings and the 
like for supplying and recovering the liquid for forming the 
liquid immersion region on the upper end portion of the 
?xed projection optical system need not be connected to the 
substrate moving device (substrate stage), deterioration of 
the movement accuracy of the substrate stage due to the 
pipings and the like does not occur. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is an outline con?guration draWing shoWing 
a ?rst embodiment of an exposure apparatus of the present 
invention. 

[0015] FIG. 2 is an enlarged draWing of a main part of 
FIG. 1 and is a sectional side vieW shoWing a liquid 
immersion unit and its vicinity. 

[0016] FIG. 3 is a plan vieW of the liquid immersion unit 
of FIG. 2 vieWed from above. 

[0017] FIG. 4 is a plan vieW shoWing another liquid 
immersion unit embodiment. 

[0018] FIG. 5 is an enlarged main part draWing shoWing 
a second embodiment of an exposure apparatus of the 
present invention. 

[0019] FIG. 6 is a plan vieW of the liquid immersion unit 
of FIG. 1 vieWed from above. 

[0020] FIG. 7 is a plan vieW shoWing another liquid 
immersion unit embodiment. 

[0021] FIG. 8 is a ?oWchart shoWing an example of a 
semiconductor device manufacturing process. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] NoW, referring to the draWings, an exposure appa 
ratus of the present invention Will be described. FIG. 1 is an 
outline con?guration draWing shoWing a ?rst embodiment 
of an exposure apparatus of the present invention. 

[0023] Referring to FIG. 1, an exposure apparatus EX is 
provided With a mask stage MST that holds a mask M, a 
substrate stage PST that holds a substrate P, an illumination 
optical system IL that illuminates the mask M held by the 
mask stage MST With exposure light EL, a projection optical 
system PL that projects a pattern image of the mask M 
illuminated With the exposure light EL onto the substrate P 
held by the substrate stage PST, and a controller CONT that 
controls the overall operation of the exposure apparatus EX. 
The projection optical system PL is con?gured to form an 
image plane thereabove. The mask stage MST that holds the 
mask M is disposed under the projection optical system PL, 
and on the other hand, the substrate stage PST that holds the 
substrate P is disposed above the projection optical system 
PL. 

[0024] The exposure apparatus EX of the embodiment is 
a liquid immersion type exposure apparatus to Which a 
liquid immersion method is applied, With the exposure 
Wavelength being shortened in effect, to improve the reso 
lution and at the same time to Widen the depth of focus and 
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is provided With a liquid immersion unit 100 constituting a 
part of a liquid immersion device that ?lls at least a portion 
of the space betWeen the projection optical system PL and 
the substrate P. The liquid immersion unit 100 is provided 
With a liquid bath 10 that is ?xed to the upper end portion 
on the image plane side of projection optical system PL, a 
liquid supply device 1 that supplies liquid 30 via a supply 
pipe 3 forming a How path to the liquid bath 10, and a liquid 
recovery device 2 that recovers the liquid via a recovery pipe 
4 forming a How path of the liquid from the liquid bath 10. 
And, in the exposure apparatus EX, at least While transfer 
ring the pattern image of the mask M onto the substrate P, 
at least a portion of the space betWeen the projection optical 
system PL and the substrate P is ?lled With the liquid 30 
supplied from the liquid supply device 1 of the liquid 
immersion unit 100 and a liquid immersion region AR2 is 
formed so as to include the projection area AR1 of the 
projection optical system PL. Speci?cally, in the exposure 
apparatus EX, the space betWeen the optical element PLa 
located at the upper end portion of the projection optical 
system PL and the exposure surface (top surface) of the 
substrate P is ?lled With the liquid 30, and the pattern image 
of the mask M is projected onto the substrate P via the 
projection optical system PL and the liquid 30 betWeen the 
projection optical system PL and the substrate P, and thus the 
substrate P is exposed. 

[0025] The embodiment Will noW be explained as exem 
pli?ed by a case of the use of the scanning type exposure 
apparatus (so-called scanning stepper) as the exposure appa 
ratus EX in Which the substrate P 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) along the scanning direction. In the 
folloWing description, it is assumed that the direction that 
coincides With the optical axis AX of the projection optical 
system PL is referred to as the Z-axis direction, that the 
synchronous movement direction (the scanning direction), 
in a plane perpendicular to the Z-axis direction, of the mask 
M and the substrate P is referred to as the X-axis direction, 
and that the direction perpendicular to the Z-direction and to 
the Y-direction is referred to as the Y-direction (the non 
scanning direction). Further, it is assumed that the direction 
around the X-axis, the direction around the Y-axis, and the 
direction around the Z-axis are respectively referred to as the 
0X-direction, the GY-direction, and the GZ-direction. It 
should be noted that the “substrate” referred to herein 
includes a semiconductor Wafer over Which a photoresist, a 
photosensitive material, is coated and that the “mask” 
includes a reticle formed With a device pattern to be reduc 
tion projected onto a substrate. 

[0026] The illumination optical system IL is for illumi 
nating the mask M held by the mask stage MST With the 
exposure light EL and comprises an exposure light source, 
an optical integrator for uniforming the illuminance of a 
light ?ux emitted from the exposure light source, a con 
denser lens for condensing the exposure light EL from the 
optical integrator, a relay lens system, a variable ?eld stop 
for setting an illumination area on the mask M formed by the 
exposure light EL to be of a slit-like shape, etc. Apredeter 
mined illumination area on the mask M is illuminated, by the 
illumination optical system IL, With the exposure light EL 
having a uniform illuminance distribution. As the exposure 
light EL emitted from the illumination optical system IL, for 
example, a bright line of ultraviolet region (g-line, h-line, 
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i-line) emitted from a mercury lamp, a deep ultraviolet light 
(DUV light) such as a KrF eXcimer laser light (Wavelength 
of 248 nm), and a vacuum ultraviolet light (VUV light) such 
as an ArF eXcimer laser light (Wavelength of 193 nm) or an 
F2 laser light (Wavelength of 157 nm) may be used. In the 
embodiment, an ArF eXcimer laser light is used. 

[0027] The mask stage MST is for supporting the mask M, 
is disposed under the projection optical system PL, and is 
tWo-dimensionally movable and ?nely rotatable in the 
0Z-direction, in a plane perpendicular to the optical aXis AX, 
i.e., in the XY-plane. In the mask stage MST are provided 
vacuum suction holes for vacuum sucking mask M. The 
mask M is sucked by and held on the mask stage MST via 
the vacuum suction holes so that the pattern surface of the 
mask M is directed upWardly (in the +Z direction). Further, 
the mask MST is driven by mask stage driving unit MSTD 
such as a linear motor. The mask stage driving unit MSTD 
is controlled by the controller CONT. The mask stage MST 
is provided With a moving mirror 50. Further, a laser 
interferometer 51 is positioned at a position facing the 
moving mirror 50. The tWo-dimensional position and the 
rotation angle of the mask M held by the mask stage MST 
are measured by the laser interferometer 51 in real time, and 
the measurement results are outputted to the controller 
CONT. By driving the mask stage driving unit MSTD based 
on the measurement results from the laser interferometer 51, 
the controller CONT performs positioning of the mask M 
held by the mask stage MST. 

[0028] The projection optical system PL is for projection 
eXposing the pattern of the mask M onto the substrate P at 
a predetermined projection magni?cation of [3. The projec 
tion optical system PL is constituted by a plurality of optical 
elements, including an optical element (lens) PLa disposed 
at the substrate P side upper end portion, and those optical 
elements are supported by a lens barrel PK. And, the 
projection optical system PL is arranged such that it forms 
thereabove an image plane. In the embodiment, the projec 
tion optical system PL is a reduction system of Which 
projection magni?cation [3 is, e.g., 1A1 or 1/5. It should be 
noted that the projection optical system PL may also be 
either a 1x magni?cation system or a magnifying system. 
Also note that the optical element PLa at the upper end 
portion of the projection optical system PL of the embodi 
ment is detachable (exchangeable) relative to the lens barrel 
PK, and the liquid 30 of the liquid immersion region AR2 is 
in contact With the optical element PLa. The liquid contact 
surface of the optical element PLa is a plane substantially 
parallel to the XY-plane. 

[0029] The substrate stage PST constituting a part of a 
substrate moving device is movable While holding substrate 
P. The substrate stage PST is provided With a Z stage 52 that 
holds substrate P via a substrate holder, a XY stage 53 that 
supports the Z stage 52, and a base 54 that supports the XY 
stage 53. The base 54 is supported by a supporting member 
different from a supporting member that supports, e.g., the 
projection optical system PL. The substrate holder of the 
substrate stage PST holds the substrate P so that the substrate 
P’s eXposure surface that is coated With a photosensitive 
material and is to be eXposed is directed doWnWardly (in the 
—Z direction). On the surface (under surface) of the substrate 
holder are provided a plurality of vacuum suction holes that 
communicate With a vacuum device. The substrate holder 
sucks and holds the substrate P via the vacuum suction holes. 

Feb. 16, 2006 

Further, the substrate stage PST is driven by the substrate 
stage driving unit PSTD such as a linear motor. The substrate 
stage driving unit PSTD is controlled by the controller 
CONT. By driving the Z stage 52, the Z-direction position 
(focus position) and the GX-direction and GY-direction posi 
tions of the substrate P held by the Z stage 52 are controlled. 
Further, by driving the XY stage 53, the XY-direction 
position (the position in the direction substantially parallel to 
the image plane of the projection optical system PL) of the 
substrate P is controlled. More speci?cally, the Z stage 52, 
by controlling the focus position and inclination angle of the 
substrate P, makes the surface of the substrate P to coincide 
With the image plane of the projection optical system PL in 
an auto-focus manner and an auto-leveling manner, the XY 
stage 53 performs positioning of the substrate P in the X-aXis 
and Y-aXis directions. It is to be noted that needless to say, 
the Z stage and the XY stage may be integrally constructed. 

[0030] The substrate stage PST (Z stage 52) is provided 
With a moving mirror 55. Further, a laser interferometer 56 
is positioned at a position facing the moving mirror 55. The 
tWo-dimensional position and the rotation angle of the 
substrate P held by the substrate stage PST are measured by 
the laser interferometer 56 in real time, and the measurement 
results are outputted to the controller CONT. By driving the 
substrate stage driving unit PSTD based on the measurement 
results from the laser interferometer 56, the controller 
CONT performs positioning of the substrate P held by the 
substrate stage PST. 

[0031] FIG. 2 is an enlarged draWing of a main part of 
FIG. 1 and is a sectional side vieW shoWing the liquid 
immersion unit 100. In FIG. 2, the liquid immersion unit 
100 is provided With the liquid bath 10 that has a side Wall 
portion 10C and can hold the liquid 30, the liquid supply 
device 1 that supplies the liquid 30 to the liquid bath 10 via 
the supply pipe 3, and the liquid recovery device 2 that 
recovers the liquid 30 via the recovery pipe 4. 

[0032] The liquid supply device 1 is provided With a tank 
that stores the liquid 30, a compressing pump, etc. and 
supplies the liquid 30 to the liquid bath 10 via the supply 
pipe 3. The liquid supply operation of the liquid supply 
device 1 is controlled by the controller CONT. The control 
ler CONT can control the per-unit-time liquid supply 
amount to the liquid bath 10 of the liquid supply device 1. 
Further, the liquid supply device 1 is provided With a 
temperature adjusting device that adjusts the temperature of 
the liquid 30 to be supplied to the liquid bath 10. By using 
the temperature adjusting device, the liquid supply device 1 
sets the temperature of the liquid 30 to be supplied to the 
liquid bath 10 to be, for eXample, substantially the same 
temperature as that inside a chamber in Which the eXposure 
apparatus EX is accommodated. Further, the supply pipe 3 
is provided With a rectifying members 5 for rectifying the 
liquid 30 to be supplied to the liquid bath 10. The rectifying 
members 5 are constituted by, e.g., a porous material or a slit 
member having a slit-shaped ?oW path. Still further, the 
liquid supply device 1 may be provided With a gas bubble 
removal device (a degas unit) that removes gas bubbles 
contained in the liquid 30 to be supplied to the liquid bath 
10. The gas bubble removal device can be constructed by, 
for eXample, a heating device that removes the gas bubbles 
by heating the liquid 30 or a decompressing unit in Which the 
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liquid 30 is stored in a predetermined a container and, by 
reducing the pressure inside the container, the gas bubbles 
are removed. 

[0033] In the embodiment, puri?ed Water is used as the 
liquid 30. The puri?ed Water can transmit not only ArF 
eXcimer laser light, but also the eXposure light EL even When 
it is, for eXample, a bright line of ultraviolet region (g-line, 
h-line, or i-line) emitted from a mercury lamp or deep 
ultraviolet light (DUV light) such as KrF eXcimer laser light 
(Wavelength of 248 nm). 

[0034] The liquid recovery device 2 is for recovering the 
liquid 30 in the liquid bath 10, is provided With, e.g., a 
suction device such as a vacuum pump, a tank that stores the 

recovered liquid 30, etc. The liquid recovery device 2 
recovers the liquid 30 in the liquid bath 10 via the recovery 
pipe 4. The liquid recovery operation of the liquid recovery 
device 2 is controlled by the controller CONT, and the 
controller CONT can control the per-unit-time liquid recov 
ery amount of the liquid recovery device 2. 

[0035] The liquid bath 10 is for holding the liquid 30. The 
liquid bath 10 has the side Wall portion 10c, and is attached 
to the upper end portion of the lens barrel of the projection 
optical system PL. On the top portion of the liquid bath 10 
is formed an opening portion 10A, and the liquid 30 held by 
the liquid bath 10 is eXposed toWard the outside of the liquid 
bath 10 via the opening portion 10A. Here, the siZe of the 
opening portion 10A is formed to be larger than that of the 
projection area AR1 of the projection optical system PL. On 
the other hand, in a bottom portion 10D of the liquid bath 10 
is formed a through-hole 10B. Into the through-hole 10B of 
the liquid bath 10 is ?tted the lens barrel upper portion (not 
shoWn) of the projection optical system PL, and betWeen the 
through-hole 10B and the lens barrel is provided a sealing 
member for preventing leakage of the liquid 30 in the liquid 
bath 10. Further, the upper end surface of the optical element 
PLa of the projection optical system PL is positioned to be 
loWer than the upper end surface of the side Wall portion 10c 
of the liquid bath 10; and thus, it is con?gured such that 
When the liquid bath 10 is ?lled With liquid 30, the upper end 
portion including the upper end surface of the optical 
element PLa is immersed in the liquid 30. Here, the liquid 
bath 10 is formed by, e.g., a ceramic material. Such a 
ceramic material, even if a part thereof elutes into the liquid 
30, hardly affects the photosensitive material coated on the 
eXposure surface of the substrate P. 

[0036] The substrate stage PST is con?gured such that the 
eXposure surface of the substrate P held by the stage is 
located apart from the upper end portion of the liquid bath 
10 by a predetermined distance. More speci?cally, the 
distance betWeen the substrate P and the liquid bath 10 is set 
such that the eXposure surface of the substrate P and the 
liquid 30 eXposed upWardly from the opening portion 10A of 
the liquid bath 10 come into contact With each other through 
the surface tension of the liquid 30. 

[0037] FIG. 3 is a vieW of the liquid immersion unit 100 
vieWed from above. In FIG. 3, the upper end optical element 
PLa of the projection optical system PL is formed to be 
circular When vieWed from the top, and the liquid bath 10 
and its opening portion 10A are also formed to be circular 
When vieWed from the top. And, the optical element PLa is 
located in substantially the center portion of the liquid bath 
10 (the opening portion 10A). The supply pipe 3 connected 
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to the liquid supply device 1 branches, halfWay, into three 
?oW paths, and each of the branch ?oW paths is respectively 
connected to either one of the three supply ports 6A-6C 
provided on the —X side of the optical element PLa of the 
projection optical system PL. On the other hand, on the +X 
side of the optical element PLa are provided tWo recovery 
ports 7A and 7B; and the How paths, each connected to either 
one of those recovery ports 7A and 7B, are assembled into 
one, and the assembled ?oW path is connected to the 
recovery pipe 4. In other Words, it is con?gured such that the 
supply ports 6A-6C connected to the liquid supply device 1 
via the supply pipe 3 are provided on the —X side, and the 
recovery ports 7A and 7B connected to the liquid recovery 
device 2 via the recovery pipe 4 are provided on the +X side, 
in a manner in Which the upper end portion of the optical 
element PLa of the projection optical system PL is inter 
posed betWeen the supply ports and the recovery ports. 

[0038] Further, supply ports 8A-8C and recovery ports 9A 
and 9B are disposed in the arrangement in Which the supply 
ports 6A-6C and the recovery ports 7A and 7B are rotated by 
substantially 180 degrees. The supply ports 8A-8C are 
connected to the liquid supply device 1 via the supply pipe 
11, and the recovery ports 9A and 9B are connected to the 
liquid recovery device 2 via the recovery pipe 12. The 
supply ports 6A-6C and the recovery ports 9A and 9B are 
disposed alternately in the Y-direction, and the supply ports 
8A-8C and the recovery ports 7A and 7B are disposed 
alternately in the Y-direction. 

[0039] And, in the case of performing scanning exposure 
by moving the substrate P in the scanning direction (+X 
direction) indicated by arroW Xa, the supply and the recov 
ery of the liquid 30 are performed by the liquid supply 
device 1 and the liquid recovery device 2, by the use of the 
supply pipe 3, the supply ports 6A-6C, the recovery pipe 4, 
and the recovery ports 7A and 7B. More speci?cally, When 
the substrate P moves in the +X direction, the liquid 30 is 
supplied from the liquid supply device 1 to the liquid bath 
10 including the space betWeen the projection optical system 
PL and substrate P via the supply pipe 3 and the supply ports 
6A-6C, and, at the same time, the liquid 30 is recovered by 
the liquid recovery device 2 via the recovery ports 7A and 
7B and the recovery pipe 4, With the liquid 30 ?oWing in the 
+X direction in liquid bath 10. On the other hand, in the case 
of performing scanning exposure by moving the substrate P 
in the scanning direction (—X direction) indicated by arroW 
Xb, the supply and the recovery of the liquid 30 are 
performed by the liquid supply device 1 and the liquid 
recovery device 2, by the use of the supply pipe 11, the 
supply ports 8A-8C, the recovery pipe 12, and the recovery 
ports 9A and 9B. More speci?cally, When the substrate P 
moves in the —X direction, the liquid 30 is supplied from the 
liquid supply device 1 to the liquid bath 10 including the 
space betWeen the projection optical system PL and the 
substrate P via the supply pipe 11 and the supply ports 
8A-8C, and, at the same time, the liquid 30 is recovered by 
the liquid recovery device 2 via the recovery ports 9A and 
9B and the recovery pipe 12, With the liquid 30 ?oWing in 
the —X direction in the liquid bath 10. 

[0040] In this Way, the controller CONT, by using the 
liquid supply device 1 and the liquid recovery device 2, 
makes liquid 30 How along the moving direction of the 
substrate P and in the same direction as the moving direction 
of the substrate P. Thus, fresh and clean liquid 30 can be 
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continuously supplied to the space between the projection 
optical system PL and the substrate P. And, by changing, in 
response to the scanning direction, the direction in Which 
liquid 30 is made to ?oW, the space betWeen the projection 
optical system PL and the substrate P can be ?lled With the 
liquid 30, both in of the case Where the substrate P is scanned 
in the +X direction and in the case Where the substrate P is 
scanned in the —X direction, Which makes it possible to 
obtain a high resolution and a Wide depth of focus. 

[0041] By the Way, on the side Wall portion 10C or the 
bottom portion IOD of the liquid bath 10 may be attached, 
for example, a focus detection system that can detect the 
surface position of the substrate P relative to the image plane 
of the projection optical system PL. In this case, the focus 
detection light passes through the liquid 30. 

[0042] 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. 

[0043] Here, the exposure apparatus EX of the present 
embodiment projection-exposes the pattern image of the 
mask M onto the substrate P While moving mask M and 
substrate P in the X-direction (scanning direction); and, 
during scanning exposure, a pattern image of a part of the 
mask M is projected onto the projection area ARI formed 
above the projection optical system PL, and in synchroni 
Zation With the movement of the mask M in the —X direction 
(or in the +X direction) at speed V, the substrate P moves, via 
the XY stage 53, in the +X direction (or in the —X direction) 
at speed [3~V ([3 is the projection magni?cation). And, after 
completion of exposure for one shot area, a next shot area is 
brought to the projection area through the stepping move 
ment of the substrate P, and in this Way, exposure for each 
shot area is successively performed through the step-and 
scan method. 

[0044] First, after the mask M being loaded on the mask 
stage MST and at the same time the substrate P being loaded 
on the substrate stage PST, the controller CONT drives the 
liquid supply device I and the liquid recovery device 2 and 
starts the supply and recovery operations of the liquid 30 
relative to the liquid bath 10. Liquid 30 delivered from the 
liquid supply device I to form the liquid immersion region 
AR2, after ?oWing through the supply pipe 3, is supplied to 
the liquid bath 10 via the supply ports 6A-6C. And, the 
controller CONT illuminates the mask M With the exposure 
light EL by means of the illumination optical system IL 
While synchronously moving the mask M and the substrate 
P and projects the pattern image of the mask M onto the 
substrate P via the projection optical system PL and the 
liquid 30. 

[0045] While performing scanning exposure With the sub 
strate P being moved in, e.g., the +X-direction, the liquid 
supply device I and the liquid recovery device 2 continue to 
perform the liquid supply operation and the liquid recovery 
operation. Since, by doing so, the temperature-adjusted 
liquid 30 is alWays supplied from the liquid supply device I 
to the liquid bath 10, excessive temperature change (tem 
perature rise) of the liquid 30 in liquid bath 10 due to the 
irradiation heat of the exposure light can be suppressed, 
Which realiZes a high accuracy exposure of the pattern 
image. 
[0046] With the liquid supply operation by the liquid 
supply device I and the liquid recovery operation by the 
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liquid recovery device 2 being performed in a coordinated 
manner, the liquid 30 ?oWs, betWeen the substrate P and the 
optical element PLa of the projection optical system PL, in 
the direction parallel to (in the same direction as) the 
scanning direction of the substrate P. Further, When the 
liquid supply operation by the liquid supply device I and the 
liquid recovery operation by the liquid recovery device 2 are 
performed in a coordinated manner, the exposure surface of 
the substrate P and the surface of liquid 30 exposed 
upWardly from the aperture portion 10A of the liquid bath 10 
come into contact With each other With the aid of the surface 
tension of liquid 30, and thus the liquid 30 is disposed 
betWeen the projection area ARI on the substrate P and the 
optical element PLa, forming the liquid immersion region 
AR2. Thus, the substrate P is exposed in the state in Which 
the substrate P is held by the substrate stage PST such that 
the exposure surface of the substrate P comes into contact 
With the surface of liquid 30. In this con?guration, since the 
exposure surface of the substrate P and the surface of liquid 
30 are in contact With each other With the aid of the surface 
tension of liquid 30, a slight gap is formed betWeen the 
exposure surface of the substrate P and the upper end surface 
of the liquid bath 10. Because of this, the substrate stage PST 
can freely move the substrate P in the XY-plane, With the 
substrate not being in contact With liquid bath I0. 

[0047] By the Way, When the scanning speed of the sub 
strate P is changed, the controller CONT may change, 
depending on the scanning speed of the substrate P, the 
per-unit-time liquid supply amount of the liquid supply 
device I and the per-unit-time liquid recovery amount of the 
liquid recovery device 2. Speci?cally, When the moving 
speed of the substrate P is increased, the per-unit-time liquid 
supply amount and the per-unit-time liquid recovery amount 
are increased. By doing so, the How rate of liquid 30 ?oWing 
betWeen the projection optical system PL and the substrate 
P also increases in accordance With the moving speed of the 
substrate P, and thus the liquid immersion region AR2 can be 
smoothly formed betWeen the projection optical system PL 
and the substrate P. In addition, it is preferable that the siZe 
of the liquid bath 10 (the aperture portion 10A) is deter 
mined in accordance With the moving speed of the substrate 
P. More speci?cally, When the moving speed of the substrate 
P is made to be higher, there arises the possibility that the 
liquid 30 in the liquid bath 10 is dragged by substrate P, the 
formation of the liquid immersion region AR2 becomes 
unstable, and the liquid 30 cannot be disposed on the 
projection area ARI on the substrate P, though the liquid 30 
can be, by making the liquid bath 10 larger to make the area 
of the contact surface betWeen the substrate P and the liquid 
30 larger, smoothly disposed on the projection area ARI, 
even if the moving speed of the substrate P is made to be 
higher. 

[0048] Further, the distance betWeen the liquid bath I0 and 
the substrate P held by substrate stage PST may be deter 
mined in accordance With the surface tension (interfacial 
tension) of the liquid 30 to be used. Puri?ed Water is used as 
liquid 30 in the embodiment; but, When another kind of 
liquid is used, since the surface tension values (interfacial 
tension values) of liquids vary depending on their material 
characteristics, the distance betWeen the liquid bath I0 and 
the substrate P is set in accordance With the surface tension 
of the liquid used. 
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[0049] As described above, since the image plane of the 
projection optical system PL is formed above the projection 
optical system PL, and, at the same time, the substrate stage 
PST that is movable While holding the substrate P above the 
projection optical system PL is provided, the liquid bath 10 
of the liquid immersion unit 100 can be provided on the 
upper end portion of the projection optical system PL that 
does not move, and the liquid immersion region AR2 can be 
formed betWeen the projection optical system PL and the 
substrate P. Since the position of the liquid bath 10 is ?xed, 
the undulation of the liquid surface exposed upWardly from 
the aperture portion 10A of the liquid bath 10 and the 
scattering of the liquid can be prevented, and the deteriora 
tion of the pattern image projected onto the substrate P can 
be suppressed. Further, since, With the liquid bath 10 being 
provided on the upper end portion of the projection optical 
system PL, the liquid supply device 1 for supplying liquid 30 
to form the liquid immersion region AR2 and the supply pipe 
3 connected thereto, and the liquid recovery device 2 for 
recovering liquid 30 and the recovery pipe 4 connected 
thereto need not be attached to the substrate stage PST Which 
is a moving portion, the disadvantage, due to the device and 
the pipes, that the movement of the substrate stage PST is 
disturbed can be suppressed, for example. 

[0050] It should be noted that although, in the embodi 
ment, it is con?gured such that the temperature of liquid 30 
supplied to the liquid bath 10 to form the liquid immersion 
region AR2 is adjusted by the temperature adjusting device 
provided to the liquid supply device 1, it may also be 
con?gured such that a temperature adjusting device of liquid 
30 for forming the liquid immersion region AR2 is attached 
to the liquid bath 10. 

[0051] It is to be noted that although, in the embodiment, 
it is con?gured such that during the scanning exposure, the 
liquid supply operation and the liquid recovery operation are 
continued to continuously make liquid 30 ?oW, the liquid 
immersion exposure can also be performed in the state that 
the liquid 30 is, Without being made to ?oW, pooled in the 
liquid bath 10. HoWever, With the supply and recovery of 
liquid 30 being performed, occurrence of temperature 
change (temperature rise) of liquid 30 in the liquid bath 10 
due to the exposure light irradiation heat can be suppressed, 
and deterioration of the pattern can be prevented. Further, 
With the supply and recovery of liquid 30 being continuously 
performed during the exposure, clean liquid 30 can be 
alWays supplied from the liquid supply device 1 to the liquid 
bath 10, and, at the same time, even if impurities have come 
to be mixed in the liquid 30 of the liquid bath 10, the 
impurities can be immediately recovered from the liquid 
bath 10 by the liquid recovery device 2. 

[0052] It should be further noted that as shoWn in FIG. 4, 
on each of the Y-direction side portions betWeen Which the 
optical element PLa of the projection optical system PL is 
interposed may be provided supply noZZles 13A-13C, sup 
ply noZZles 14A-14C, recovery noZZles 15A, 15B, 16A, and 
16B. By virtue of those supply noZZles and recovery 
noZZles, even When the substrate P moves in the non 
scanning direction (the Y-axis direction) during its stepping 
movement, the liquid 30 can be stably supplied betWeen the 
projection optical system PL and the substrate P. Still further, 
While, in the above-described embodiment, the liquid bath 
10 is attached to the lens barrel in the vicinity of the upper 
end portion of the projection optical system PL, it may also 
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be con?gured such that the bath is held by a supporting 
member separated from the projection optical system PL. 

[0053] Next, referring to FIGS. 5 and 6, a second embodi 
ment exposure apparatus of the present invention Will be 
described. FIG. 5 is a sectional side vieW of liquid immer 
sion unit 100 of the second embodiment; FIG. 6 is a plan 
vieW thereof vieWed from above. Here, in the folloWing 
description, the same or equivalent constituent elements as 
those in the above-described embodiment are denoted by the 
same reference numerals, and their descriptions Will be 
abridged or omitted. 

[0054] In FIGS. 5 and 6, the liquid immersion unit 100 is 
provided With a liquid immersion forming member 20 that 
is attached to the upper end portion optical element PLa of 
the projection optical system PL and has an upper surface 21 
facing the substrate P, With liquid supply ports 23A-23C that 
formed on the upper surface 21 and are connected to the 
liquid supply device 1 via ?oW paths 22A-22C formed 
inside the forming member 20 and supply pipe 3, and With 
liquid recovery ports 25A and 25B that formed on the upper 
surface 21 and are connected to the liquid recovery device 
2 via ?oW paths 24A and 24B and recovery pipe 4. The 
forming member 20 has, in its center portion, as vieWed 
from the top, a hole portion 20A that ?ts With the optical 
element PLa of the projection optical system PL, and it is 
con?gured such that When the optical element PLa is ?tted 
With the hole portion 20A, the upper surface 21 of the 
forming member 20 and the upper end surface of the optical 
element PLa of the projection optical system PL are sub 
stantially ?ush With each other. Each of the liquid supply 
ports 23A-23C is provided on the —X side of the optical 
element PLa of the projection optical system PL and dis 
charges the liquid 30 upWardly. On the other hand, the liquid 
recovery ports 25A and 25B are provided on the +X side of 
the optical element PLa and suck the liquid 30 doWnWardly. 
It should be noted that While, in this embodiment, three 
liquid supply ports and tWo liquid recovery ports are pro 
vided With, the number and arrangement thereof may be set 
in a discretionary Way. Further, as Well as the ?rst embodi 
ment, separate liquid supply ports and liquid recovery ports 
may be provided on the upper surface 21 in the arrangement 
in Which the above-described liquid supply ports 23A-23C 
and liquid recovery ports 25A and 25B are rotated by 
substantially 180 degrees. 

[0055] Outside of the liquid supply ports 23A-23C and the 
liquid recovery ports 25A and 25B on the upper surface 21 
are provided trap portions 28 and 29 that recover liquid 30 
that has not been recovered by the liquid recovery ports. 
Each of the trap portions 28 and 29 is an arc-shaped groove, 
as vieWed from the top, and is provided in the position such 
that the optical element PLa of the projection optical system 
PL is interposed betWeen the trap portions. 

[0056] In FIG. 5, a How path 30 connected to the trap 
portion 29 is connected to a tank 32 and to a vacuum pump 
34 as a suction device, via a conduit 31 provided outside the 
forming member 20. The How path that connects the tank 32 
With the vacuum pump 34 is provided With a valve 33. The 
tank 32 is provided With a discharge ?oW path 32A, and it 
is con?gured such that When the liquid 30 has pooled in the 
tank up to a predetermined amount, the liquid is discharged 
through the discharge ?oW path 32A. It should be noted that 
although not shoWn, a How path 35 connected to the trap 
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portion 28 is also connected to a tank, a valve, and a vacuum 
pump, similar to the above-described ones. 

[0057] When the substrate P is scan-exposed While mov 
ing the substrate in the +X direction, the controller CONT 
drives the liquid supply device 1 and the liquid recovery 
device 2, supplies the liquid 30 to the upper surface 21 via 
the liquid supply ports 23A-23C, and forms the liquid 
immersion region AR2 betWeen the optical element PLa of 
the projection optical system PL and the substrate P. And, the 
liquid 30 is recovered via the liquid recovery ports 25A and 
25B, and the substrate P is exposed, With liquid 30 being 
made to How in the direction parallel to (in the same 
direction as) the scanning direction of the substrate P. In this 
case, the liquid 30 supplied from, e.g., the liquid supply 
device 1 via supply ports 23A-23C ?oWs in the manner that 
the liquid, being induced by the +X direction movement of 
the substrate P, is pulled into the space betWeen the projec 
tion optical system PL and the substrate P, and thus, even if 
the supply energy of the liquid supply device 1 is small, the 
temperature-adjusted liquid 30 is alWays supplied from the 
liquid supply device 1 betWeen the upper end surface of the 
optical element PLa and the substrate P, and excessive 
temperature change (temperature rise) of the liquid 30 due to 
the irradiation heat of the exposure light is suppressed, 
Which realiZes a high accuracy exposure of the pattern 
image. 

[0058] The liquid bath having the side Wall is used to hold 
the liquid 30 in the ?rst embodiment; in contrast, it is 
con?gured in the second embodiment such that the liquid 30 
is disposed betWeen the planar upper surface 21 and the 
upper end surface of the optical element PLa, and the 
substrate P, and thus, even When the substrate P is inclined 
by a large amount, the substrate P does not come into contact 
With the forming member 20. And, since, also in this 
embodiment, it is con?gured such that the substrate P is 
moved in the state that the liquid immersion forming mem 
ber 20 of the liquid immersion unit 100 is ?xed to the 
projection optical system PL that does not move, undulation, 
scattering, etc. of the liquid 30 do not occur, Which realiZes 
stable projection of the pattern image onto the substrate P. 

[0059] It should be noted that While, in the embodiment, it 
is con?gured such that the supply and recovery operations of 
the liquid 30 are performed through the multiple liquid 
supply ports and liquid recovery ports provided in the 
predetermined positions on the upper surface 21, it may also 
be con?gured such that by combining the multiple liquid 
supply ports and liquid recovery ports respectively, for 
example, as shoWn in FIG. 7, a liquid supply hole 23 and a 
liquid recovery hole 25, each long hole-shaped (arc-shaped) 
as vieWed from the top, are provided. Further, as shoWn in 
FIG. 7, the trap portion 28 may be formed annularly so as 
to surround the optical element PLa of the projection optical 
system PL. Still further, it may be con?gured such that, 
Without providing the liquid recovery ports 25A and 25B, all 
of the supplied liquid 30 is recovered by the trap portions 28 
and 29. 

[0060] It is to be noted that in the embodiment, the trap 
portions for recovering the liquid 30 that has not been 
recovered by the liquid recovery ports are constituted by the 
grooves and the vacuum pumps (suction devices) connected 
thereto, but, by, for example, disposing porous members, 
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such as sponges, in the grooves, the liquid 30 that has not 
been recovered can be recovered and held by the porous 
members. 

[0061] As described above, the liquid 30 of the embodi 
ments is constituted by puri?ed Water. Puri?ed Water has the 
advantage that it can be easily available in large quantities 
in, e.g., a semiconductor manufacturing factories and also 
the advantage that it does not adversely affect photoresist on 
the substrate P, the optical elements (lenses), etc. Further, 
puri?ed Water does not adversely affect the environment and 
contains scarcely any impurities. Thus, the effect that it 
cleans the surface of the substrate P and the surface of the 
optical element provided at the end portion of the projection 
optical system PL can be expected. And, the refractive index 
n of puri?ed Water (Water) relative to the exposure light EL 
having a Wavelength of about 193 nm is approximately 1.44, 
and When ArF excimer laser light (having 193 nm Wave 
length) is used as the light source of exposure light EL, the 
Wavelength is effectively shortened, on the substrate P, as 
multiplied by 1/n, i.e., effectively becomes approximately 
134 nm, and thus, a high resolution can be obtained. 
Furthermore, because the depth of focus Will increase 
approximately n times, i.e., approximately 1.44 times, that 
of in air, the numerical aperture of the projection optical 
system PL can be further increased if it is preferable to 
ensure a depth of focus approximately the same as that When 
used in air, and the resolution is also improved from this 
standpoint. 
[0062] It should be noted that if the pressure, caused by the 
How of the liquid 30, of the space betWeen the optical 
element located at the end of the projection optical system 
PL and the substrate P is high, it may be con?gured such that 
the optical element is rigidly ?xed so as not to move due to 
the pressure, instead of making the optical element 
exchangeable. 
[0063] It should be noted that While, in the embodiments, 
the liquid 30 is Water, the liquid 30 may be a liquid other 
than Water. For example, When the light source of the 
exposure light EL is an F2 laser, the F2 laser light does not 
transmit through Water, and thus, as the liquid 30, a ?uo 
ro?uid that can transmit the F2 laser light may be used. 
Further, as the liquid 30, a material (e.g., cedar oil) that can 
transmit the exposure light EL, has a high refractive index 
as high as practicable, and does not affect the projection 
optical system and the photoresist applied to the surface of 
the substrate P can also be used. 

[0064] It is to noted that the substrate P of each of the 
above-described embodiments, can be not only a semicon 
ductor Wafer for manufacturing a semiconductor device, but 
also a glass substrate for a display device, a ceramic Wafer 
for a thin ?lm magnetic head, a master mask or reticle 
(synthetic quartZ or silicon Wafer), etc. 

[0065] As the exposure apparatus EX, in addition to a scan 
type exposure apparatus (scanning stepper) in Which While 
synchronously moving the mask M and the substrate P, the 
pattern of the mask M is scan-exposed, a step-and-repeat 
type projection exposure apparatus (stepper) that exposes 
the full pattern of the mask M in the state in Which the mask 
M and substrate P are stationary, and the substrate P is 
successively moved stepWise can be used. Also, the present 
invention can be applied to a step-and-stitch type exposure 
apparatus in Which at least tWo patterns are transferred onto 
the substrate P in a partially overlapping manner. 
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[0066] Also, the present invention can be applied to a tWin 
stage type exposure apparatus, Which is disclosed in, e.g., 
Japanese Unexamined Patent Application, First Publication 
Nos. H10-163099 and H10-214783, and Published Japanese 
Translation No. 2000-505958 of the PCT International Pub 
lication. 

[0067] The type of eXposure apparatus EX, the present 
invention is not limited to an eXposure apparatus, Which 
eXposes a semiconductor pattern onto the substrate P, for 
manufacturing semiconductor devices, but can also be 
applied to a variety of eXposure apparatuses, e.g., an eXpo 
sure apparatus for manufacturing liquid crystal display 
devices or a displays, an eXposure apparatus for manufac 
turing thin ?lm magnetic heads, an eXposure apparatus for 
manufacturing image pickup devices, and an eXposure appa 
ratus for manufacturing reticles or masks. 

[0068] When using a linear motor (see US. Pat. No. 
5,623,853 or US. Pat. No. 5,528,118) in substrate stage PST 
or mask stage MST, either air-cushion type linear motor 
using an air bearing or a magnetic levitation type linear 
motor using a LorentZ force or reactance force may be used. 
Further, each of substrate stage PST and mask stage MST 
may be either of a type moving along a guide or of a 
guideless type having no guide. 

[0069] For the driving mechanism for each of the substrate 
stage PST and the mask stage MST, a planar motor may be 
used that opposes a magnet unit in Which magnets are 
tWo-dimensionally arranged to an armature unit in Which 
coils are tWo-dimensionally arranged, and that drives each of 
the substrate stage PST and the mask stage MST by an 
electromagnetic force. In this case, either one of the magnet 
unit and the armature unit is attached to the stage PST or the 
stage MST, and the other unit is attached to the moving 
surface side of the stage PST or the stage MST. 

[0070] A reaction force generated by the movement of the 
substrate stage PST may be, as described in Japanese 
Unexamined Patent Application, First Publication No. H08 
166475 (US. Pat. No. 5,528,118), mechanically released to 
the ?oor (earth) by use of a frame member so that the force 
does not transmit to the projection optical system PL. 

[0071] A reaction force generated by the movement of the 
mask stage MST may be, as described in Japanese Unex 
amined Patent Application, First Publication No. 
H08-330224 (US. patent application Ser. No. 08/416,558), 
mechanically released to the ?oor (earth) by use of a frame 
member so that the force does not transmit to the projection 
optical system PL. 

[0072] As described above, the eXposure apparatus EX 
according to the embodiments of the present application is 
built by assembling various subsystems, including each 
element listed in the claims of the present application, in 
such a manner that prescribed mechanical accuracy, electri 
cal accuracy, and optical accuracy are maintained. In order 
to ensure the various accuracies, prior to and after the 
assembly, every optical system is adjusted to achieve its 
optical accuracy, every mechanical system is adjusted to 
achieve its mechanical accuracy, and every electrical system 
is adjusted to achieve its electrical accuracy. The process of 
assembling each subsystem into the eXposure apparatus 
includes mechanical interfaces, electrical circuit Wiring con 
nections, and air pressure plumbing connections betWeen 
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each subsystem. Needless to say, there is also a process 
Where each subsystem is assembled prior to the assembling 
of the eXposure apparatus from the various subsystems. On 
completion of the process of assembling the various sub 
systems in the eXposure apparatus, overall adjustment is 
performed to make sure that every accuracy is maintained in 
the complete eXposure apparatus. Additionally, it is desirable 
to manufacture the eXposure apparatus in a clean room, in 
Which the temperature, purity, etc. are controlled. 

[0073] As shoWn in FIG. 8, micro devices such as semi 
conductor devices are manufactured by a series of steps, 
including: step 201 in Which the micro device’s function and 
performance design is performed; step 202 in Which a mask 
(reticle) is manufactured based on the design step; step 203 
in Which a substrate, the device’s base material, is manu 
factured; step 204 in Which the mask pattern is eXposed onto 
the substrate by the eXposure apparatus EX according to the 
above-described embodiments; device assembly step 205 
(including the dicing process, bonding process, and pack 
aging process); inspection step 206. 

[0074] In accordance With the present invention, since 
scattering of a liquid for forming a liquid immersion region 
can be suppressed, and, at the same time, the movement of 
a substrate stage is not obstructed by pipings and the like for 
supplying and recovering the liquid, required patterns can be 
eXposed onto the substrate With high accuracy. 

What is claimed is: 
1. A liquid immersion photolithography system compris 

ing: 

an eXposure system that eXposes a substrate With electro 
magnetic radiation and includes a projection optical 
system that focuses the electromagnetic radiation on 
the substrate; and 

a liquid supply system that provides a liquid betWeen the 
projection optical system and the substrate, Wherein the 
projection optical system is positioned beloW the sub 
strate. 

2. The liquid immersion photolithography system of 
claim 1, Wherein the liquid supply system is adapted to form 
a liquid meniscus above the projection optical system. 

3. The liquid immersion photolithography system of 
claim 1, Wherein the liquid supply system is adapted to form 
a fountainhead above the projection optical system. 

4. The liquid immersion photolithography system of 
claim 1, Wherein the projection optical system includes a 
housing With at least one catch basin positioned to capture 
stray liquid. 

5. The liquid immersion photolithography system of 
claim 1, further comprising: 

a housing in Which a plurality of lenses are mounted; and 

an opening to alloW the electromagnetic radiation from 
the projection optical system to be imaged on the 
substrate and to alloW contact betWeen the liquid and 
the substrate. 

6. The liquid immersion photolithography system of 
claim 1, Wherein the electromagnetic radiation is 193 
nanometers. 

7. The liquid immersion photolithography system of 
claim 1, Wherein the electromagnetic radiation is 157 
nanometers. 



US 2006/0033901 A1 

8. The liquid immersion photolithography system of 
claim 1, wherein the electromagnetic radiation is 435 
nanometers. 

9. The liquid immersion photolithography system of 
claim 1, Wherein the electromagnetic radiation is 405 
nanometers. 

10. The liquid immersion photolithography system of 
claim 1, Wherein the electromagnetic radiation is 365 
nanometers. 

11. The liquid immersion photolithography system of 
claim 1, Wherein the electromagnetic radiation is 248 
nanometers. 

12. A liquid immersion photolithography system compris 
mg: 

an exposure system that exposes a substrate and includes 
a projection optical system; and 

means for providing a liquid betWeen the projection 
optical system and the substrate, Wherein the projection 
optical system is positioned beloW the substrate. 

13. The liquid immersion photolithography system of 
claim 12, Wherein the means for providing a liquid is 
adapted to form a liquid meniscus above the projection 
optical system. 

14. The liquid immersion photolithography system of 
claim 12, Wherein the means for providing a liquid is 
adapted to form a fountainhead above the projection optical 
system. 

15. The liquid immersion photolithography system of 
claim 12, Wherein the projection optical system includes a 
housing With at least one catch basin positioned to capture 
stray liquid. 

16. The liquid immersion photolithography system of 
claim 12, further comprising: 

a housing in Which a plurality of lenses are mounted; 

an opening to alloW an eXposure light beam from the 
projection optical system to be imaged on the substrate 
and to alloW contact betWeen the liquid and the sub 
strate. 

17. The liquid immersion photolithography system of 
claim 12, Wherein the electromagnetic radiation is 193 
nanometers. 

18. The liquid immersion photolithography system of 
claim 12, Wherein the electromagnetic radiation is 157 
nanometers. 

19. The liquid immersion photolithography system of 
claim 12, Wherein the electromagnetic radiation is 435 
nanometers. 

20. The liquid immersion photolithography system of 
claim 12, Wherein the electromagnetic radiation is 405 
nanometers. 

21. The liquid immersion photolithography system of 
claim 12, Wherein the electromagnetic radiation is 365 
nanometers. 
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22. The liquid immersion photolithography system of 
claim 12, Wherein the electromagnetic radiation is 248 
nanometers. 

23. Aliquid immersion photolithography system compris 
mg: 

an eXposure system that includes a projection optical 
system; and 

a liquid supply system adapted for providing a liquid 
betWeen the projection optical system and the substrate, 
Wherein the projection optical system is adapted for 
positioning beloW the substrate. 

24. Aliquid immersion photolithography system compris 
mg: 

an eXposure system that includes a projection optical 
system; and 

a liquid supply system adapted for providing a liquid 
betWeen the projection optical system and the substrate, 
Wherein the liquid supply system is adapted for forming 
a liquid meniscus above the projection optical system. 

25. The liquid immersion photolithography system of 
claim 24, Wherein the projection optical system is adapted 
for positioning beloW the substrate. 

26. The liquid immersion photolithography system of 
claim 24, Wherein the projection optical system includes a 
housing With at least one catch basin adapted to capture stray 
liquid. 

27. The liquid immersion photolithography system of 
claim 24, further comprising: 

a housing in Which a plurality of lenses are mounted; and 

an opening to alloW an eXposure light beam from the 
projection optical system to be imaged on the substrate 
and to alloW contact betWeen the liquid and the sub 
strate. 

28. A method of eXposing a substrate comprising: 

positioning a projection optical system beloW the sub 
strate; 

projecting electromagnetic radiation onto the substrate 
using a projection optical system; and 

delivering a liquid betWeen the projection optical system 
and the substrate. 

29. The method of claim 28, further comprising removing 
eXcess liquid from the substrate using at least one catch 
basin. 

30. The method of claim 28, further comprising forming 
a liquid meniscus betWeen the projection optical system and 
the substrate. 


