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Fig. 1 
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Fig. 2 
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Fig. 4 
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Fig. 5 
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OPTICAL ELEMENT AND PROJECTION 
EXPOSURE APPARATUS BASED ON USE OF THE 

OPTICAL ELEMENT 

CROSS-REFERENCE 

0001) This is a Divisional of application Ser. No. 1 1/147. 
284 filed Jun. 8, 2005, which in turn is a Continuation of 
International Application No. PCT/JP03/015780 filed Dec. 
10, 2003 claiming the conventional priority of Japanese 
patent Application No. 2002-357641 filed on Dec. 10, 2002. 
The disclosures of these prior applications are incorporated 
herein by reference in their entireties. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a projection expo 
Sure apparatus which is usable to transfer a mask pattern 
onto a photosensitive Substrate in the lithography step for 
producing devices including, for example, semiconductor 
elements, image pickup elements (CCD or the like), liquid 
crystal display elements, and thin film magnetic heads. In 
particular, the present invention relates to a projection 
exposure apparatus based on the use of the liquid immersion 
method. The present invention also relates to an optical 
element which is usable for the projection exposure appa 
ratuS. 

0004 2. Description of the Related Art 
0005. In the production of the semiconductor element or 
the like, the projection exposure apparatus is used to transfer 
a pattern image of a reticle as a mask via a projection optical 
system onto each of shot areas on a wafer (or a glass plate 
or the like) coated with a resist as a photosensitive substrate. 
Conventionally, the reduction projection type exposure 
apparatus based on the step-and-repeat System (stepper) has 
been used as the projection exposure apparatus in many 
cases. However, recently, the attention is also attracted to the 
projection exposure apparatus based on the step-and-scan 
system in which the exposure is performed by Synchro 
nously scanning the reticle and the wafer. 

0006. As for the resolution of the projection optical 
system carried on the projection exposure apparatus, as the 
exposure wavelength to be used is shorter, the resolution 
becomes higher. Further, as the numerical aperture of the 
projection optical system is larger, the resolution becomes 
higher. Therefore, the exposure wavelength, which is used 
for the projection exposure apparatus, is shortened year by 
year, and the numerical aperture of the projection optical 
system is increased as well, as the integrated circuit becomes 
fine and minute. The exposure wavelength, which is domi 
nantly used at present, is 248 nm based on the KrF excimer 
laser. However, the exposure wavelength of 193 nm based 
on the ArF excimer laser, which is shorter than the above, is 
also practically used. 

0007 When the exposure is performed, the depth of 
focus (DOF) is also important in the same manner as the 
resolution. The resolution R and the depth of focus 8 are 
represented by the following expressions respectively. 

R=k1: NA (1) 
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0008. In the expressions, w represents the exposure wave 
length, NA represents the numerical aperture of the projec 
tion optical system, and k1 and k2 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. Conventionally, in the pro 
jection exposure apparatus, the Surface of the wafer is 
adjusted and matched with the image plane of the projection 
optical system in the auto-focus manner. For this purpose, it 
is desirable that the depth of focus 8 is wide to some extent. 
Accordingly, those having been Suggested as the method for 
substantially widening the depth of focus include, for 
example, the phase shift reticle method, the modified illu 
mination method, and the multilayer resist method. 
0009. As described above, in the conventional projection 
exposure apparatus, the depth of focus is narrowed as the 
wavelength of the exposure light beam is shortened and the 
numerical aperture of the projection optical system is 
increased. In order to respond to the advance of higher 
integration of the semiconductor integrated circuit, studies 
have been also made to further shorten the exposure wave 
length. However, if such a situation is continued as it is, it 
is feared that the depth of focus may be too narrowed and the 
margin may become insufficient during the exposure opera 
tion. 

0010. In view of the above, the liquid immersion method 
has been proposed as a method for substantially shortening 
the exposure wavelength and deepening the depth of focus. 
In this method, the space between the lower surface of the 
projection optical system and the Surface of the wafer is 
filled with a liquid Such as water or an organic Solvent. The 
resolution is improved and the depth of focus is magnified 
about n times by utilizing the fact that the wavelength of the 
exposure light beam in the liquid is 1/n time that in the air 
(n represents the refractive index of the liquid, which is 
usually about 1.2 to 1.6). 
0011) If it is intended to apply the liquid immersion 
method to the projection exposure apparatus based on the 
step-and-repeat System as it is, the liquid leaks out from the 
space between the projection optical system and the wafer 
when the wafer is subjected to the stepping movement to the 
next shot area after the exposure is completed for one shot 
area. Therefore, inconveniences arise Such that the liquid 
must be supplied again, and it is difficult to recover the 
leaked liquid as well. If it is intended to apply the liquid 
immersion method to the projection exposure apparatus 
based on the step-and-scan system, it is necessary that the 
space between the projection optical system and the wafer is 
filled with the liquid during the period in which the wafer is 
moved as well, because the exposure is performed while 
moving the wafer. The projection optical system and the 
liquid make contact with each other. Therefore, there is such 
a possibility that the end portion of the projection optical 
system, which is in contact with the liquid, may be corroded 
by the liquid. The objective lens is installed to the end of the 
projection optical system. If the objective lens is corroded, 
it is feared that any desired optical performance cannot be 
obtained. 

SUMMARY OF THE INVENTION 

0012 Taking the foregoing viewpoints into consider 
ation, an object of the present invention is to provide an 
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optical element which is preferably usable for a projection 
exposure system of an exposure apparatus for performing 
the liquid immersion exposure. Another object of the present 
invention is to provide a projection exposure apparatus for 
the liquid immersion exposure which carries such an optical 
element. 

0013. According to a first aspect of the present invention, 
there is provided an optical element usable for a projection 
optical system which exposes a Substrate by projecting a 
predetermined pattern onto the Substrate, the optical element 
comprising: 

0014 a base of the optical element which is installed to 
an end of the projection optical system on a side of the 
Substrate and through which the exposure is performed in a 
state that a liquid is maintained between the optical element 
and the Substrate; and 

0.015 a corrosion resistant film which is formed on at 
least a part of a surface of the base of the optical element to 
avoid corrosion by the liquid. 
0016. The corrosion resistant film is formed on the sur 
face of the base of the optical element of the present 
invention. Therefore, even when the liquid immersion expo 
Sure is performed, it is possible to avoid, for example, the 
corrosion, the erosion, and the dissolution which would be 
otherwise cause by the contact between the optical element 
and the liquid. Therefore, the desired performance of the 
projection optical system can be maintained over a long term 
even when the full field exposure such as those in the 
step-and-repeat manner or the scanning type exposure Such 
as those in the step-and-scan manner, in which the optical 
element installed to the end of the projection optical system 
is exposed to the liquid repeatedly or continuously, is 
performed in the liquid immersion state. 
0017 According to a second aspect of the present inven 
tion, there is provided an exposure apparatus which exposes 
a Substrate by projecting an image of a predetermined 
pattern onto the Substrate through a liquid, the exposure 
apparatus comprising: 
0018 a projection optical system which projects the 
image of the pattern onto the Substrate; 
0.019 an optical element which is installed to an end of 
the projection optical system on a side of the Substrate; and 
0020 an apparatus which supplies the liquid to a space 
between the optical element and the substrate, wherein: 
0021 the optical element includes a base, and a corrosion 
resistant film which is formed on at least a part of a surface 
of the base to avoid corrosion of the base. 

0022. The corrosion resistant film is formed on the sur 
face of the base of the optical element installed to the tip of 
the projection optical system of the exposure apparatus of 
the present invention. Therefore, even when the liquid 
immersion exposure is performed, it is possible to avoid, for 
example, the corrosion, the erosion, and the dissolution 
which would be otherwise cause by the contact between the 
optical element and the liquid. Therefore, the desired optical 
characteristics of the exposure apparatus can be maintained 
over a long term even when the full field exposure such as 
those based on the step-and-repeat System or the scanning 
type exposure Such as those based on the step-and-scan 
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system, in which the optical element installed to the end of 
the projection optical system is exposed to the liquid repeat 
edly or continuously, is performed in the liquid immersion 
state. Accordingly, it is possible to realize the exposure in a 
state in which the wide depth of focus is maintained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 shows a schematic arrangement of a pro 
jection exposure apparatus according to the present inven 
tion. 

0024 FIG. 2 shows a positional relationship between an 
end portion 4A of an optical element 4 of a projection optical 
system PL shown in FIG. 1 and discharge nozzles and 
inflow nozzles for the X direction. 

0025 FIG. 3 shows a positional relationship between the 
end portion 4A of the optical element 4 of the projection 
optical system PL shown in FIG. 1 and discharge nozzles 
and inflow nozzles for Supplying and recovering the liquid 
in the Y direction. 

0026 FIG. 4 shows a magnified view illustrating major 
parts to depict a situation of the Supply and the recovery of 
the liquid 7 with respect to the space between the optical 
element 4 and a wafer W shown in FIG. 1. 

0027 FIG. 5 shows a front view illustrating, for 
example, a lower end portion of a projection optical system 
PLA of a projection exposure apparatus, a liquid Supply unit 
5, and a liquid recovery unit 6 to be used in a second 
embodiment of the present invention. 
0028 FIG. 6 shows a positional relationship between an 
end portion 32A of an optical element 32 of the projection 
optical system PLA shown in FIG. 5 and discharge nozzles 
and inflow nozzles for the X direction. 

0029 FIG. 7 shows a positional relationship between the 
end portion 32A of the optical element 32 of the projection 
optical system PLA shown in FIG. 5 and discharge nozzles 
and inflow nozzles for Supplying and recovering the liquid 
in the Y direction. 

0030 FIG. 8 shows a schematic arrangement of the 
optical element of the present invention. 
0031 FIG. 9 shows a relationship between the angle of 
incidence and the reflectance of the ArF excimer laser 
(wavelength: 193 nm) when an optical element is con 
structed by only fluorite. 
0032 FIG. 10 shows a relationship between the angle of 
incidence and the reflectance of the ArF excimer laser 
(wavelength: 193 nm) when an optical element 105 has 
respective layers formed on a fluorite base. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

0033. An explanation will be made below with reference 
to the drawings about embodiments of the optical element of 
the present invention and the projection exposure apparatus 
based on the use of the optical element. However, the present 
invention is not limited thereto. 

0034. At first, the optical element of the present invention 
will be explained with reference to FIGS. 8 to 10. FIG. 8 
shows a cross-sectional structure of an optical element 105 
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of the present invention. The optical element 105 includes an 
SiO layer 102, an Al-O layer 103, and an SiO layer 104 
which are stacked in this order on a fluorite (CaF) base 101. 
These layers or the an SiO, layer disposed on the outermost 
Surface functions as the corrosion resistant film (erosion 
resistant film). The fluorite base 101 is formed to be lens 
shaped, and it has a thickness of 20 mm. The SiO layer 102. 
the Al-O layer 103, and the SiO layer 104 are formed so 
that the optical thicknesses are 0.37W, 0.05W, and 0.37 with 
respect to the designed main wavelength w (for example, 
w-193 nm) respectively. A known sputtering method was 
used for each of the layers so that the dense film was 
successfully formed. The film formation method is not 
limited to the sputtering method. It is also allowable to use, 
for example, the ion beam assist method, the ion plating 
method, and the heating vapor deposition method provided 
that the dense film can be formed. The corrosion resistant 
films as described above may be provided on the both sides 
of the base 101 respectively. Alternatively, the corrosion 
resistant film as described above may be provided at only the 
portion of the base 101 to be irradiated with the light beam. 
Investigation of Reflectance Characteristics 
0035. The reflectance characteristics were investigated in 
relation to the angle of incidence of the light beam into the 
optical element 105 obtained as described above. In order to 
make comparison with the optical element 105 (hereinafter 
referred to as “optical element A'), a fluorite base stacked 
with neither the SiO layer nor the Al-O layer, i.e., an 
optical element composed of only the fluorite base (herein 
after referred to as "optical element B) was prepared. The 
ArF excimer laser beam having a wavelength of 193 nm, 
which was used as the exposure light beam for the exposure 
apparatus, was radiated onto the optical element A and the 
optical element B respectively while changing the angle of 
incidence to measure the reflectances. Obtained results are 
shown in FIGS. 9 and 10. The reflected light beams were 
measured for the S-polarized light and the P-polarized light 
which were orthogonal to one another. 
0.036 FIG. 9 shows a graph illustrating the reflectance 
characteristic of the optical element B with respect to the 
angle of incidence. As shown in FIG. 9, the average 
reflectance of the S-polarized light and the P-polarized light 
in relation to the optical element B was not more than about 
0.04% in all regions ranging to the maximum angle of 
incidence of 40 degrees in which the optical element was to 
be used. 

0037 FIG. 10 shows a graph illustrating the reflectance 
characteristic of the optical element A with respect to the 
angle of incidence. As shown in FIG. 10, the average 
reflectance of the S-polarized light and the P-polarized light 
was not more than about 0.04% in all regions ranging to the 
maximum angle of incidence of 40 degrees in which the 
optical element was to be used. 
0038. That is, the optical element A exhibits the low 
values of the average reflectance of the S-polarized light and 
the P-polarized light in all regions of the angle of incidence 
assumed for the use as the optical element, in the same 
manner as the optical element B composed of only fluorite. 
It is appreciated that the optical element A can be carried at 
the end portion of the projection optical system of the 
projection exposure apparatus in place of the optical element 
B. 

Sep. 21, 2006 

Evaluation of Corrosion Resistance 

0039 Next, an acceleration test was carried out for the 
corrosion resistance by immersing the optical element A and 
the optical element B in pure water at 70° C. for 3 hours 
respectively. The Surface roughnesses of the optical ele 
ments were measured by using an AFM (atomic force 
microscope) and a contact type roughness meter. It is 
assumed that the immersion in pure water at 70° C. for 3 
hours corresponds to the immersion in pure water at room 
temperature for about 10 days. 
0040. The surface roughness, which was obtained before 
immersing the optical element B composed of only fluorite 
in pure water, was 3 angstrom RMS. The Surface roughness, 
which was obtained after immersing the optical element B in 
pure water, was about 3,000 angstrom RMS. Therefore, it is 
understood that the optical element B was corroded to have 
the about 1,000 times surface roughness. When the surface 
roughness of the surface of the optical element is 3,000 
angstrom RMS as described above, the scattering of light is 
caused to a large extent. Therefore, the transmittance of the 
optical element is lowered, and any deviation arises from the 
designed optical path. Therefore, it is impossible to exhibit 
any intended desired optical performance. 
0041. On the other hand, the surface roughness of the 
optical element A according to the present invention before 
being immersed in pure water was 11 angstrom RMS. The 
Surface roughness of the optical element after being 
immersed in pure water was 14 angstrom RMS. Therefore, 
it is appreciated that the Surface roughness of the optical 
element is scarcely changed before and after being 
immersed in pure water. Therefore, the optical element Acan 
maintain the desired optical performance after being 
immersed in pure water, i.e., even when the liquid immer 
sion exposure is performed, probably for the following 
reason. That is, it is considered that the oxide coating film, 
which is formed on the surface of the fluorite base, prevents 
the fluorite base from corrosion, because the oxide coating 
film has the corrosion resistance against pure water. 
0042. In the optical element A of this embodiment, the 
three-layered multilayer film composed of the oxides is 
formed on the fluorite base. However, it has been revealed 
that the same or equivalent effect is obtained even when a 
single layer film of for example, SiO, (optical film thick 
ness: 0.550) or Al-O is formed. The film thickness of the 
multilayer film or the single layer film having the corrosion 
resistance is not specifically limited. However, it is desirable 
that the film thickness is 50 angstroms to 2,000 angstroms in 
view of the fact that the covering performance of the film on 
the surface of the fluorite base is secured, and the angular 
reflection-preventive performance is secured. 
0043. In this embodiment, the SiO, layer and the Al-O, 
layer are formed on the fluorite base. However, in place of 
these layers or together with these layers, a layer or layers 
of fluoride or fluorides such as YF. MgF2, and LaF may be 
formed singly or in combination. 
0044) Next, an explanation will be made with reference 
to FIGS. 1 to 4 about a second embodiment illustrative of a 
projection exposure apparatus to which the optical element 
of the embodiment described above is applied. The projec 
tion exposure apparatus of this embodiment is a projection 
exposure apparatus based on the step-and-repeat System for 
performing the full field exposure for the shot area on the 
substrate. 
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0045 FIG. 1 shows a schematic arrangement of the 
projection exposure apparatus of this embodiment. With 
reference to FIG. 1, the exposure light beam IL, which is 
composed of an ultraviolet pulse light beam having a 
wavelength of 193 nm, is radiated from an illumination 
optical system 1 including, for example, an ArF excimer 
laser light source as an exposure light source, an optical 
integrator (homogenizer), a field diaphragm, and a con 
denser lens. The exposure light beam IL illuminates a pattern 
provided on a reticle R. The pattern of the reticle R is 
Subjected to the reduction projection onto an exposure area 
on a wafer W coated with a photoresist at a predetermined 
projection magnification B (B is, for example, 4 or /s) via 
a projection optical system PL which is telecentric on the 
both sides (or on one side of the wafer W). Those usable as 
the exposure light beam IL also include, for example, the 
KrF excimer laser beam (wavelength: 248 nm), the Flaser 
beam (wavelength: 157 nm), and the i-ray (wavelength: 365 
nm) of the mercury lamp. 

0046. In the following description, it is assumed that the 
Z axis extends in the direction parallel to the optical axis AX 
of the projection optical system PL, the Yaxis extends in the 
direction perpendicular to the sheet surface of FIG. 1 in the 
plane perpendicular to the Z axis, and the X axis extends in 
parallel to the sheet surface of FIG. 1. 

0047. The reticle R is held on a reticle stage RST. A 
mechanism, which finely moves the reticle R in the X 
direction, the Y direction, and the rotational direction, is 
incorporated in the reticle stage RST. The two-dimensional 
position and the angle of rotation of the reticle stage RST are 
measured in real-time by a laser interferometer (not shown). 
A main control system 14 positions the reticle R on the basis 
of the value measured by the laser interferometer. 

0.048. On the other hand, the wafer W is fixed on a Z stage 
9 which controls the focus position (position in the Z 
direction) and the angle of inclination of the wafer W by the 
aid of a wafer holder (not shown). The Z stage 9 is fixed on 
an XY stage 10 which is movable along the XY plane that 
is Substantially parallel to the image plane of the projection 
optical system PL. The XY stage 10 is placed on a base 11. 
The Z stage 9 controls the focus position (position in the Z 
direction) and the angle of inclination of the wafer W to 
adjust and match the surface of the wafer W with respect to 
the image plane of the projection optical system PL in the 
auto-focus manner and the auto-leveling manner. The XY 
stage 10 positions the wafer W in the X direction and the Y 
direction. The two-dimensional position and the angle of 
rotation of the Z stage 9 (wafer W) are measured in real-time 
as a position of a movement mirror 12 by a laser interfer 
ometer 13. The control information is fed from the main 
control system 14 to a wafer stage-driving system 15 on the 
basis of the measured result. The wafer stage-driving system 
15 controls the operation of the Z stage 9 and the XY stage 
10 on the basis of the control information. During the 
exposure, the operation, in which each of the shot areas on 
the wafer W is successively subjected to the stepping 
movement to the exposure position to perform the exposure 
with the pattern image of the reticle R, is repeated in the 
step-and-repeat manner. 

0049. The liquid immersion method is applied to the 
projection exposure apparatus of this embodiment in order 
that that the resolution is improved by substantially short 
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ening the exposure wavelength, and the depth of focus is 
substantially widened. Therefore, the space between the 
surface of the wafer W and the tip surface (lower surface) of 
the projection optical system PL is filled with a predeter 
mined liquid 7 at least during the period in which the pattern 
image of the reticle R is transferred onto the wafer W. The 
projection optical system PL has a plurality of optical 
elements which include the optical element 4 as produced in 
the embodiment described above, and a barrel 3 which 
accommodates the optical elements. The optical element 4 is 
installed so that the optical element 4 is exposed at the end 
(lower end) of the barrel on the side of the wafer (see FIGS. 
4 and 5). When the optical element 4 is installed as 
described above, only the optical element 4 makes contact 
with the liquid 7. Accordingly, the barrel 3, which is 
composed of metal, is prevented from the corrosion or the 
like. In this embodiment, pure water is used as the liquid 7. 
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 influ 
ence, for example, on the optical lens and the photoresist on 
the wafer. 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 wafer. 

0050. It is approved that the refractive index n of pure 
water (water) with respect to the exposure light beam having 
a wavelength of about 200 nm is approximately in an extent 
of 1.44 to 1.47. The wavelength of the ArF excimer laser 
beam of 193 nm is shortened on the wafer W 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 in 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. 
0051. The liquid 7 is supplied in a temperature-controlled 
state onto the wafer W by the aid of predetermined discharge 
nozzles or the like by a liquid supply unit 5 including, for 
example, a tank for accommodating the liquid, a pressuriz 
ing pump, and a temperature control unit. The liquid 7. 
which has been supplied onto the wafer W, is recovered by 
the aid of predetermined inflow nozzles or the like by a 
liquid recovery unit 6 including, for example, a tank for 
accommodating the liquid, and a suction pump. The tem 
perature of the liquid 7 is set, for example, to be approxi 
mately equivalent to the temperature of a chamber in which 
the projection exposure apparatus of this embodiment is 
accommodated. The projection exposure apparatus of this 
embodiment is arranged with a discharge nozzle 21a having 
a thin tip section and two inflow nozzles 23a, 23b having 
wide tip sections so that the end portion of the optical 
element 4 of the projection optical system PL is interposed 
in the X direction (see FIG. 2). The discharge nozzle 21a is 
connected to the liquid Supply unit 5 via a Supply tube 21, 
and the inflow nozzles 23a, 23b are connected to the liquid 
recovery unit 6 via a recovery tube 23. Further, another set 
of discharge and recovery nozzles are arranged at positions 
obtained by rotating the positions of the set of the discharge 
nozzle 21a and the inflow nozzles 23a, 23b by substantially 
180° about the center of the end portion of the optical 
element 4, and two sets of discharge and recovery nozzles 



US 2006/0209285 A1 

are also arranged so that the end portion of the optical 
element 4 is interposed in the Y direction (see FIGS. 2 and 
3). 
0.052 FIG. 2 shows a positional relationship in relation 
to the end portion 4A of the optical element 4 of the 
projection optical system PL shown in FIG. 1, the wafer W. 
and the two sets of the discharge nozzles and the inflow 
nozzles to interpose the end portion 4A in the X direction. 
With reference to FIG. 2, the discharge nozzle 21a is 
arranged on the side in the +X direction with respect to the 
end portion 4A, and the inflow nozzles 23a, 23b are arranged 
on the side in the -X direction. The inflow nozzles 23a, 23b 
are arranged in a sector-shaped open form with respect to the 
axis which passes through the center of the end portion 4A 
and which is parallel to the X axis. Another set of the 
discharge nozzle 22a and the inflow nozzles 24a, 24b are 
arranged at the positions obtained by rotating the positions 
of the set of the discharge nozzle 21a and the inflow nozzles 
23a, 23b by substantially 180° about the center of the end 
portion 4A. The discharge nozzle 22a is connected to the 
liquid supply unit 5 via a supply tube 22, and the inflow 
nozzles 24a, 24b are connected to the liquid recovery unit 6 
via a recovery tube 24. 

0053 FIG. 3 shows a positional relationship in relation 
to the end portion 4A of the optical element 4 of the 
projection optical system PL shown in FIG. 1 and the two 
sets of the discharge nozzles and the inflow nozzles to 
interpose the end portion 4A in the Y direction. With 
reference to FIG. 3, the discharge nozzle 27a is arranged on 
the side in the +Y direction with respect to the end portion 
4A, and the inflow nozzles 29a, 29b are arranged on the side 
in the -Y direction. The discharge nozzle 27a is connected 
to the liquid supply unit 5 via a supply tube 27, and the 
inflow nozzles 29a, 29b are connected to the liquid recovery 
unit 6 via a recovery tube 29. Another set of the discharge 
nozzle 28a and the inflow nozzles 30a, 30b are arranged at 
the positions obtained by rotating the positions of the set of 
the discharge nozzle 27a and the inflow nozzles 29a, 29b by 
substantially 180° about the center of the end portion 4A. 
The discharge nozzle 28a is connected to the liquid Supply 
unit 5 via a supply tube 28, and the inflow nozzles 30a, 30b 
are connected to the liquid recovery unit 6 via a recovery 
tube 30. The liquid supply unit 5 supplies the temperature 
controlled liquid to the space between the wafer W and the 
end portion 4A of the optical element 4 via at least one of the 
supply tubes 21, 22, 27, 28. The liquid recovery unit 6 
recovers the liquid supplied onto the wafer W via at least one 
of the recovery tubes 23, 24, 29, 30. 
0054 Next, an explanation will be made about a supply 
method and a recovery method for the liquid 7. 

0055 With reference to FIG. 2, when the wafer W is 
Subjected to the stepping movement in the direction of the 
arrow 25A indicated by the solid line (-X direction), the 
liquid supply unit 5 supplies the liquid 7 to the space 
between the wafer W and the end portion 4A of the optical 
element 4 via the supply tube 21 and the discharge nozzle 
21a. The liquid recovery unit 6 recovers the liquid 7 from the 
surface of the wafer W via the recovery nozzle 23 and the 
inflow nozzles 23a, 23b. In this situation, the liquid 7 flows 
in the direction of the arrow 25B (-X direction) on the wafer 
W. The space between the wafer W and the optical element 
4 is filled with the liquid 7 in a stable state. 
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0056. On the other hand, when the wafer W is subjected 
to the stepping movement in the direction of the arrow 26A 
indicated by the two-dot chain line (+X direction), then the 
liquid supply unit 5 supplies the liquid 7 to the space 
between the wafer W and the end portion 4A of the optical 
element 4 by using the Supply tube 22 and the discharge 
nozzle 22a, and the liquid recovery unit 6 recovers the liquid 
7 by using the recovery tube 24 and the inflow nozzles 24a, 
24b. In this situation, the liquid 7 flows in the direction of the 
arrow 26B (+X direction) on the wafer W. The space 
between the wafer W and the optical element 4 is filled with 
the liquid 7 in a stable state. As described above, the 
projection exposure apparatus of this embodiment is pro 
vided with the two sets of the discharge nozzles and the 
inflow nozzles which are inverted to one another in the X 
direction. Therefore, even when the wafer W is moved in 
any one of the +X direction and the -X direction, the space 
between the wafer W and the optical element 4 can be filled 
with the liquid 7 in the stable state. 

0057. In the exposure apparatus of this embodiment, the 
liquid 7 flows on the wafer W. Therefore, even when any 
foreign matter is adhered onto the wafer W, the foreign 
matter can be washed out with the liquid 7. The liquid 7 is 
adjusted to have a predetermined temperature by the liquid 
supply unit 5. Therefore, the surface of the wafer W is 
temperature-adjusted, and it is possible to avoid the decrease 
in the overlay accuracy or the like which would be otherwise 
caused by the thermal expansion of the wafer brought about 
by the heat generated during the exposure. Therefore, even 
when a certain period of time is required from the alignment 
to the exposure as in the EGA (enhanced global alignment) 
system, it is possible to avoid the decrease in the overlay 
accuracy which would be otherwise caused by the thermal 
expansion of the wafer possibly brought about during Such 
a period. In the projection exposure apparatus of this 
embodiment, the liquid 7 flows in the same direction as the 
direction in which the wafer W is moved. Therefore, the 
liquid, which has absorbed the foreign matter and the heat, 
can be recovered without allowing the liquid to stay on the 
exposure area disposed just under the end portion 4A of the 
optical element 4. 

0.058 When the wafer W is subjected to the stepping 
movement in the Y direction, the liquid 7 is supplied and 
recovered in the Y direction. That is, when the wafer is 
Subjected to the stepping movement in the direction of the 
arrow 31A (-Y direction) indicated by the solid line in FIG. 
3, then the liquid supply unit 5 supplies the liquid via the 
supply tube 27 and the discharge nozzle 27a, and the liquid 
recovery unit 6 recovers the liquid by using the recovery 
tube 29 and the inflow nozzles 29a, 29b. Accordingly, the 
liquid flows in the direction of the arrow 31B (-Y direction) 
on the exposure area disposed just under the end portion 4A 
of the optical element 4. When the wafer is subjected to the 
stepping movement in the direction of the arrow 33A (+Y 
direction) indicated by the two-dot chain line, the liquid is 
supplied and recovered by using the supply tube 28, the 
discharge nozzle 28a, the recovery tube 30, and the inflow 
nozzles 30a, 30b. Accordingly, the liquid flows in the 
direction of the arrow 33B (+Y direction) on the exposure 
area disposed just under the end portion 4A. Therefore, even 
when the wafer W is moved in any one of the +Y direction 
and the -Y direction, the space between the wafer W and the 
end portion 4A of the optical element 4 can be filled with the 
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liquid 7 in a stable state, in the same manner as in the case 
in which the wafer W is moved in the X direction. 

0059) There is no limitation to the provision of the 
noZZles for Supplying and recovering the liquid 7 in the X 
direction and/or the Y direction. It is also allowable to 
provide nozzles for Supplying and recovering the liquid 7. 
for example, in oblique directions. 
0060 Next, an explanation will be made about a method 
for controlling the Supply amount and the recovery amount 
of the liquid 7. FIG. 4 shows a situation in which the liquid 
is supplied to and recovered from the space between the 
wafer W and the optical element 4 of the projection optical 
system PL. With reference to FIG. 4, the wafer W is moved 
in the direction of the arrow 25A (-X direction). The liquid 
7, which is supplied by the discharge nozzle 21a, flows in 
the direction of the arrow 25B (-X direction), and the liquid 
7 is recovered by the inflow nozzles 23a, 23b. In order to 
maintain a constant amount of the liquid 7 existing between 
the optical element 4 and the wafer W even during the 
movement of the wafer W, the supply amount Vi (m/s) of 
the liquid 7 is equal to the recovery amount Vo (m/s) thereof 
in this embodiment. Further, the supply amount Vi and the 
recovery amount Vo of the liquid 7 are adjusted to be 
proportional to the movement velocity V of the XY stage 
(wafer W). That is, the main control system 14 determines 
the supply amount Vi and the recovery amount Vo of the 
liquid 7 in accordance with the following expression. 

0061. In this expression, as shown in FIG. 1. D repre 
sents the diameter (m) of the end portion of the optical 
element 4, V represents the movement velocity (m/s) of the 
XY stage, and d represents the working distance (distance 
between the lowermost surface of the optical element 4 and 
the surface of the wafer W). (m) of the projection optical 
system PL. The velocity V, at which the XY stage 10 is 
Subjected to the stepping movement, is set by the main 
control system 14. D and d are previously inputted into 
(stored in) the main control system 14. Therefore, when the 
supply amount Vi of the liquid 7 and the recovery amount Vo 
thereofare adjusted on the basis of the expression (3), a state 
is given, in which the space between the wafer W and the 
optical element 4 shown in FIG. 4 is always filled with the 
liquid 7. 

0062. It is desirable that the working distance d of the 
projection optical system PL is made as narrow as possible 
in order that the liquid 7 stably exists between the projection 
optical system PL and the wafer W. However, if the working 
distance d is too small, it is feared that the surface of the 
wafer W may make contact with the optical element 4. 
Therefore, it is necessary to provide a margin to some extent. 
Accordingly, the working distance d is set to be, for 
example, about 2 mm. 
0063) Next, a third embodiment of the present invention 
will be explained with reference to FIGS. 5 to 7. In this 
embodiment, the optical element of the embodiment 
described above is applied to a projection exposure appara 
tus based on the step-and-scan system. 

0064 FIG. 5 shows a front view illustrating, for 
example, a lower portion of a projection optical system PLA 
of the projection exposure apparatus of this embodiment, a 
liquid Supply unit 5, and a liquid recovery unit 6. The same 
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or equivalent constitutive components as those shown in 
FIG. 4 are designated by the same reference numerals. With 
reference to FIG. 5, an optical element 32, which is disposed 
at a lowermost end of a barrel 3A of the projection optical 
system PLA, has an end portion 32A which is formed so that 
the end portion has a rectangular shape which is long in the 
Y direction (non-scanning direction) and which has a nec 
essary portion for the scanning exposure. The optical ele 
ment 32 is such an optical element that a corrosion resistant 
film, which is equivalent to that of the optical element 
produced in the first embodiment, is provided on a fluorite 
base. During the scanning exposure, a part of a pattern image 
of the reticle is projected onto a rectangular exposure area 
disposed just under the end portion 32A. The reticle (not 
shown) is moved at a velocity V in the -X direction (or in 
the +X direction) with respect to the projection optical 
system PLA, in synchronization with which the wafer W is 
moved at a velocity BV (B represents the projection mag 
nification) in the +X direction (or in the -X direction) by the 
aid of the XY stage 10. After the exposure is completed for 
one shot area, the next shot area is moved to the scanning 
start position in accordance with the stepping of the wafer 
W. In the following procedure, the exposure is successively 
performed for respective shot areas in the step-and-scan 
a. 

0065. The liquid immersion method is also applied in this 
embodiment, and thus the space between the optical element 
32 and the surface of the wafer W is filled with the liquid 7 
during the scanning exposure. The liquid 7 is supplied and 
recovered by using the liquid Supply unit 5 and the liquid 
recovery unit 6 respectively in the same manner as in the 
second embodiment. 

0066 FIG. 6 shows a positional relationship between the 
end portion 32A of the optical element 32 of the projection 
optical system PLA and the discharge nozzles and the inflow 
nozzles for Supplying and recovering the liquid 7 in the X 
direction. With reference to FIG. 6, the end portion 32A of 
the optical element 32 has a rectangular shape which is long 
in the Y direction. The three discharge nozzles 21a to 21c are 
arranged on the side in the +X direction, and the two inflow 
nozzles 23a, 23b are arranged on the side in the -X direction 
so that the end portion 32A of the optical element 32 of the 
projection optical system PLA is interposed in the X direc 
tion. 

0067. The discharge nozzles 21a to 21c are connected to 
the liquid supply unit 5 via a supply tube 21, and the inflow 
nozzles 23a, 23b are connected to the liquid recovery unit 6 
via a recovery tube 23. The discharge nozzles 22a to 22c and 
the recovery nozzles 24a, 24b are arranged at positions 
obtained by rotating the positions of the discharge nozzles 
21a to 21c and the recovery nozzles 23a, 23b by substan 
tially 180° about the center of the end portion 32A. The 
discharge nozzles 21a to 21c and the inflow nozzles 24a, 24b 
are arranged alternately in the Y direction, and the discharge 
nozzles 22a to 22c and the inflow nozzles 23a, 23b are 
arranged alternately in the Y direction. The discharge 
nozzles 22a to 22c are connected to the liquid supply unit 5 
via a supply tube 22, and the inflow nozzles 24a, 24b are 
connected to the liquid recovery unit 6 via a recovery tube 
24. 

0068. When the wafer W is moved in the scanning 
direction (-X direction) indicated by the solid line arrow to 
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perform the scanning exposure, the liquid 7 is Supplied and 
recovered by the liquid supply unit 5 and the liquid recovery 
unit 6 by using the Supply tube 21, the discharge nozzles 21a 
to 21c, the recovery tube 23, and the inflow nozzles 23a, 
23b. The liquid 7 is allowed to flow in the -X direction so 
that the space between the optical element 32 and the wafer 
W is filled therewith. When the wafer W is moved in the 
direction (+X direction) indicated by the two-dot chain line 
arrow to perform the scanning exposure, the liquid 7 is 
Supplied and recovered by using the Supply tube 22, the 
discharge nozzles 22a to 22c, the recovery tube 24, and the 
inflow nozzles 24a, 24b. The liquid 7 is allowed to flow in 
the +X direction so that the space between the optical 
element 32 and the wafer W is filled therewith. When the 
direction, in which the liquid 7 is allowed to flow, is 
Switched depending on the Scanning direction, the space 
between the wafer W and the end portion 32A of the optical 
element 32 can be filled with the liquid 7, even when the 
wafer W is Subjected to the Scanning exposure in any one of 
the +X direction and the -X direction. Accordingly, the 
exposure can be performed at a high resolution and a wide 
depth of focus. 
0069. The supply amount Vi (m/s) of the liquid 7 and the 
recovery amount Vo (m/s) thereof are determined in accor 
dance with the following expression. 

0070. In this expression, DSY represents the length (m) 
of the end portion 32A of the optical element 32 in the X 
direction. Accordingly, the space between the optical ele 
ment 32 and the wafer W can be filled with the liquid 7 in 
a stable state even during the scanning exposure. 
0071. The number and the shapes of the nozzles are not 
specifically limited. For example, the liquid 7 may be 
Supplied and recovered by using two pairs of nozzles for the 
long side of the end portion 32A. In this case, the discharge 
noZZles and the inflow nozzles may be arranged while being 
aligned vertically in order that the liquid can be supplied and 
recovered in any one of the +X direction and the -X 
direction. 

0072) When the wafer W is subjected to the stepping 
movement in the Y direction, the liquid 7 is supplied and 
recovered in the Y direction in the same manner as in the 
second embodiment. 

0073 FIG. 7 shows a positional relationship between the 
end portion 32A of the optical element 32 of the projection 
optical system PLA and the discharge nozzles and the inflow 
nozzles for the Y direction. With reference to FIG. 7, when 
the wafer is subjected to the stepping movement in the 
non-scanning direction (-Y direction) perpendicular to the 
scanning direction, the liquid 7 is Supplied and recovered by 
using the discharge nozzle 27a and the inflow nozzles 29a, 
29b arranged in the Y direction. When the wafer is subjected 
to the stepping movement in the +Y direction, the liquid 7 
is Supplied and recovered by using the discharge nozzle 28a 
and the inflow nozzles 30a, 30b arranged in the Y direction. 
The supply amount Vi (m/s) of the liquid 7 and the recovery 
amount Vo (m/s) thereof are determined in accordance with 
the following expression. 

0074. In this expression, DSX represents the length (m) 
of the end portion 32A of the optical element 32 in the Y 
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direction. The space between the optical element 32 and the 
wafer W can be continuously filled with the liquid 7 by 
adjusting the Supply amount of the liquid 7 depending on the 
movement velocity V of the wafer W when the stepping 
movement is performed in the Y direction as well, in the 
same manner as in the second embodiment. 

0075). As described above, when the wafer W is moved, 
the liquid is allowed to flow in the direction corresponding 
to the direction of the movement. Accordingly, the space 
between the wafer W and the end portion of the projection 
optical system PL can be continuously filled with the liquid 
7. 

0076. The liquid, which is usable as the liquid 7 in the 
embodiments described above, is not specifically limited to 
pure water. It is possible to use liquids (for example, cedar 
oil) which have the transmittance with respect to the expo 
Sure light beam, which have the refractive index as high as 
possible, and which are stable against the photoresist coated 
to the Surface of the wafer and the projection optical system. 
0077. It is a matter of course that the present invention is 
not limited to the embodiments described above, which may 
be embodied in other various forms without deviating from 
the gist or essential characteristics of the present invention. 
0078. The base of the optical element of the present 
invention is lens-shaped. However, there is no limitation 
thereto. It is also allowable to use those each of which is 
formed as a film on a fluorite plate-shaped base as a cover 
glass to be disposed between the liquid and the conventional 
fluorite lens. 

0079 According to the projection exposure apparatus of 
the present invention, the end portion of the projection 
optical system is not corroded by the liquid. Therefore, the 
operation of the apparatus is not stopped in order to 
exchange the corroded optical element. Accordingly, it is 
possible to efficiently produce final products having fine 
patterns. Further, the optical characteristics of the optical 
element of the present invention are stable, because the 
optical element is not corroded. When the projection expo 
Sure apparatus, which carries the optical element of the 
present invention, is used, it is possible to produce final 
products having stable qualities. 

1. A lithographic projection apparatus arranged to project 
a pattern from a patterning device onto a Substrate using a 
projection system and having a liquid Supply system con 
figured to at least partly fill a space between the projection 
system and the Substrate with a liquid, wherein an element 
of the projection system through which the pattern is pro 
jected has, on a Surface configured to be in contact with the 
liquid, a protective coating which is Substantially insoluble 
in the liquid. 

2. The apparatus according to claim 1, wherein the 
protective coating has a thickness equal to or greater than 5 

. 

3. The apparatus according to claim 1, wherein the 
protective coating has a thickness less than or equal to 500 

4. The apparatus according to claim 1, wherein the 
protective coating is a metal, a metal oxide or nitride, CaF. 
SiO, SiO, or any combination of these materials. 

5-7. (canceled) 
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8. The apparatus according to claim 1, wherein the 
protective coating has two distinct layers. 

9.-32. (canceled) 
33. A device manufacturing method comprising project 

ing a patterned beam of radiation onto a Substrate through a 
liquid provided in a space between an element of a projec 
tion system and the substrate, wherein a surface of the 
element in contact with the liquid comprises a protective 
coating which is Substantially insoluble in the liquid. 

34. The method according to claim 33, wherein the 
protective coating has a thickness in the range of from 5 nm 
to 500 nm. 

35. The method according to claim 33, wherein the 
protective coating is a metal, a metal oxide or nitride, CaF2, 
SiO, SiO, or any combination of these materials. 

36. The method according to claim 33, wherein the 
protective coating is a fused silica plate having a thickness 
in the range of from 50 um to 5 mm. 

37. The method according to claim 36, wherein the fused 
silica plate is attached to the element by contact bonding 
without glue. 

38. The method according to claim 33, wherein the 
protective coating has two distinct layers. 

39.-55. (canceled) 
56. A lens adapted for illumination by a predetermined 

wavelength of light during liquid immersion photolithogra 
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phy, the lens comprising: a transparent Substrate; and a layer 
of anti-corrosion coating (ACC) formed proximate to the 
transparent substrate, wherein the ACC is positioned 
between a liquid used during the liquid immersion photoli 
thography and the transparent Substrate to protect the trans 
parent Substrate from the liquid. 

57. The lens of claim 56, wherein the transparent substrate 
is CaF2. 

58-60. (canceled) 
61. The lens of claim 56, wherein the ACC is SiO, 
62.-64. (canceled) 
65. The lens of claim 56, wherein the predetermined 

wavelength of light is centered at 248 nm. 
66. The lens of claim 56, wherein the predetermined 

wavelength of light is centered at 193 nm. 
67. (canceled) 
68. The lens of claim 56, wherein the ACC has a thickness 

less than 1000 um. 
69. The lens of claim 56, wherein a fluctuation of surface 

flatness of the ACC is less than half of the predetermined 
wavelength of light. 

70-89. (canceled) 


