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(57) ABSTRACT 

A reticle (R) is irradiated With an ArF eXcimer laser beam to 
transfer a pattern on the reticle (R) onto a Wafer through 
a projection optical system (PL). Each of a plurality of 
illuminating lens units (2) arranged in the illuminating 
optical passage has a barrel containing a plurality of lenses, 
and caps are so provided as to be spaced from the lenses at 
both ends. Lens chambers among the lenses are ?lled With 
an inert gas, and the spaces betWeen the caps and the lenses 
are also ?lled With an inert gas. When the illuminating lens 
unit (2) are housed in and illuminating optical path housing, 
the caps are removed While purging the spaces. Therefore, 
the lenses at both ends are prevented from being contami 
nated and the transmittance of the optical lens device for 
exposure With light having a Wavelength of shorter than 300 
nm is prevented from loWering. 
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OPTICAL DEVICE, METHOD FOR CLEANING 
THE SAME, PROJECTION ALIGNER, AND 
METHOD OF PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an exposure appa 
ratus and a method for manufacturing the same, Which has 
an excimer laser light source, a higher harmonics laser light 
source, a mercury lamp light source or the like, each 
radiating light having an ultraviolet range of a Wavelength 
of, for example, 300 nm or shorter. The present invention 
also relates to an optical device for a projection optical 
system or an illumination optical system for use With such 
an exposure apparatus, and to a method for cleaning such an 
optical device. 

[0002] An exposure apparatus for exposing an image of a 
pattern of a reticle (a photomask or the like) onto a photo 
sensitive substrate through a projection optical system has 
been employed in a lithography process for manufacturing 
semiconductor elements, liquid crystal substrates, and so on. 
Recent years, developments have been performed to make 
semiconductor integrated circuits ?ner and ?ner, and in 
order to comply With such ?ner integration of semiconductor 
circuits, there has been attempted to make shorter an expos 
ing Wavelength of a light source for use in a lithography 
process. 

[0003] At a current time, an exposure apparatus has 
already been developed Which uses a KrF excimer laser 
having a Wavelength of 248 nm as a light source for a 
stepper. For example, a higher harmonic Wave of a Wave 
length variable laser such as Ti-sapphire laser, etc., a qua 
druple harmonic Wave of a YAG laser having a Wavelength 
of 266 nm, a ?vefold harmonic Wave of a YAG laser having 
a Wavelength of 213 nm, a mercury lamp having a Wave 
length close to 220 nm or a Wavelength of 184 nm, and an 
ArF excimer laser having a Wavelength of 193 nm draW 
attention as a candidate for a light source having a shorter 
Wavelength. 
[0004] For conventional exposure apparatuses Which use 
g-rays, i-rays, a KrF excimer laser, or a mercury lamp 
emitting light rays having a Wavelength close to 250 nm as 
a light source, emission spectral rays of such a light source 
do not overlap With an absorption spectral region of oxygen, 
so that they do not cause any decrease in ef?ciency of light 
utiliZation due to absorption of oxygen and do not suffer 
from any disadvantage resulting from the generation of 
oZone due to the absorption of oxygen. Therefore, those 
exposure apparatuses can basically be used for exposure in 
ambient atmosphere. 

[0005] On the other hand, hoWever, for a light source such 
as an ArF excimer laser, emission spectral rays overlap With 
an absorption spectral region of oxygen, so that a decrease 
in ef?ciency of light utiliZation may be caused by the 
adsorption of oxygen, and the disadvantage may also result 
from the generation of oZone due to the absorption of 
oxygen. For instance, if it is supposed that a transmittance of 
an ArF excimer laser light in vacuum or through an inert gas 
such as nitrogen or helium is 100%/m, the transmittance is 
decreased to approximately 90%/m, on the one hand, When 
the light is in a free-run state, i.e., in a natural emission state, 
that is, the light source is an ArF broad-banded laser, and it 
is decreased to approximately 98%/m, on the other hand, 
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even When there is used an ArF laser With the spectral Width 
narroWed and so narroW-banded as to avoid rays of absorp 
tion of oxygen. 

[0006] It is considered that the decrease in transmittance is 
caused due to the absorption of light by oxygen and an 
in?uence of oZone generated. The generation of oZone is 
considered to exert an adverse in?uence upon the transmit 

tance of light (i.e., efficiency of light utiliZation) as Well as 
to cause a deterioration in performance of devices due to a 
reaction With a surface of an optical material or other parts 
and to cause a pollution of environment. 

[0007] For the above-mentioned conventional exposure 
apparatuses having a light source such as an ArF excimer 
laser in the con?guration as described above, it is Well 
knoWn that the entire area of a light passage is required to 
be ?lled With an inert gas such as nitrogen or the like, in 
order to avoid a decrease in transmittance of light and a 
generation of oZone. 

[0008] As a result of various exposure experiments using 
a projection exposure apparatus With an excimer laser light 
source installed therein and having a relatively large ?eld 
siZe, a neW phenomenon has noW been discovered in that the 
irradiation of an illuminating light in an ultraviolet region 
having a Wavelength range of, for example, 350 nm or less 
(e.g., KrF excimer laser having a Wavelength of 248 nm or 
ArF excimer laser having a Wavelength of 193 nm, etc.) 
dynamically ?uctuates transmittance or re?ectance of an 
optical element in a projection optical system or a coating 
material (e.g., a thin ?lm for a re?ection preventive ?lm, or 
the like) for the optical element in the projection optical 
system. It is further found that this neW phenomenon ?uc 
tuating the transmittance of light dynamically can be caused 
to occur in substantially the same Way as not only in the case 
of an optical element disposed in the projection optical 
system but also in the case of an optical element disposed in 
an illumination optical system for illuminating a reticle. 
Moreover, likeWise, it is also found that the such phenom 
enon is caused to occur in the case of an optical element in 
a light sending system leading the illuminating light leaving 
from a light source disposed under a ?oor of a clean room 
to an illumination optical system installed in the main body 
of the exposure apparatus, and in the case of the reticle (a 
quartZ plate) itself. 

[0009] In addition, the such phenomenon is considered to 
occur, for instance, due to the attachment of impurities 
contained in a gas (e.g., air, nitrogen gas, etc.) present in a 
space of a projection light passage or an illumination light 
passage, molecules of organic substances departing from 
adhesive or a ?lling material, etc., for use in ?xing optical 
elements to a barrel, impurities (e.g., Water molecules, 
hydrocarbon molecules, or other substances diffusing the 
illuminating light) derived from the inner Wall) derived from 
an inner Wall of the barrel (e.g., a coated surface for 
re?ective prevention, etc.), or otherWise, or due to the entry 
(?oating) of such impurities or otherWise into the illumina 
tion light passage. As a consequence, a serious problem is 
considered to be caused such that the transmittance or 
re?ectance of the projection optical system, the illumination 
optical system, and the light sending system ?uctuates to a 
great extent for a relatively short period of time. 
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SUMMARY OF THE INVENTION 

[0010] The object of the present invention is to provide an 
optical device Which is so arranged as for an optical element 
including, for example, lenses constituting a projection 
optical system, an illumination optical system or a light 
sending system, or a re?ecting mirror or otherWise unlikely 
to be contaminated, to provide a method for cleaning the 
optical device, to provide an eXposure apparatus using such 
a projection optical system, an illumination optical system 
or a light sending system, each being unlikely to be con 
taminated, Which has been cleaned by the method for 
cleaning, and to provide a method for manufacturing the 
such exposure apparatus. 

[0011] Further, the present invention has another object to 
provide an eXposure apparatus that can prevent an optical 
characteristic (for eXample, transmittance or re?ectance) of 
an optical member from ?uctuating by irradiating the optical 
member With a radiating beam having a Wavelength of, for 
eXample, 350 nm or less. 

[0012] Moreover, the present invention has a further 
object to provide an eXposure apparatus in Which an optical 
member including, for eXample, an illumination optical 
system, a projection optical system or a light sending system 
or otherWise, each being incorporated in the eXposure appa 
ratus, is so arranged as to be cleaned. 

[0013] In order to achieve the object as described above, 
the optical apparatus according to the present invention is 
con?gured in such a manner that a protective ?lter is 
disposed apart in a predetermined distance betWeen the 
optical elements, among plural optical elements disposed in 
a barrel, Which are disposed on the both end sides in the aXial 
direction of the barrel, Wherein chambers disposed betWeen 
the plural optical elements and a space betWeen the optical 
elements on each of the both end sides and the protective 
?lter is ?lled With an inert gas in advance. 

[0014] The optical device according to the present inven 
tion is installed in an apparatus for irradiating a mask With 
an illuminating light and eXposing a substrate With the 
illuminating light through the mask, Wherein an inert gas 
having the loWer capability of absorbing the illuminating 
light is used as the inert gas to be ?lled therein. The 
illuminating light to be used therefor has a Wavelength of 
350 nm or less. Further, upon mounting the optical device on 
a light passage housing of the illumination optical system 
installed in the eXposure apparatus, it is preferred that the 
protective ?lter is detached While the space is being purged 
With the gas and then the housing is ?lled With the inert gas, 
or that the protective ?lter is detached While the space is 
being purged With the gas and a fresh protective ?lter 
cleaned in advance is mounted on the both sides in an aXial 
direction of the barrel, folloWed by ?lling the light passage 
With the inert gas. 

[0015] In order to achieve the objet as described above, the 
present invention according to another embodiment pro 
vides the optical device comprising a gas supply passage for 
supplying an inert gas to a barrel With a plurality of optical 
elements disposed therein; an supply inlet connected to the 
gas supply passage; a gas discharge outlet for discharging 
the inert gas present in the barrel; and a removing member 
for removing a contaminating material, disposed on an inner 
Wall of the gas supply passage. 
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[0016] The optical device according to the another 
embodiment of the present invention is installed in a device 
for irradiating a mask With an illuminating light and eXpos 
ing a substrate With the illuminating light through the mask, 
Wherein a gas having a loWer capability of absorbing the 
illuminating light is used as the inert gas. As the removing 
member, there may be used an adsorbing material or a ?lter. 

[0017] In order to achieve the object as described above, 
the present invention according to a further embodiment 
provides an optical device for use With an eXposure appa 
ratus for transferring a pattern on a mask onto a substrate, in 
Which the removing member for removing a contaminating 
material is mounted on an inner surface of a barrel With a 
plurality of optical elements disposed therein. 

[0018] Further, in order to achieve the object as described 
above, the present invention provides the optical device 
according to a still further embodiment so adapted as to be 
used for an eXposure apparatus that transfers a pattern on a 
mask onto a substrate by irradiating the mask With an 
illuminating light, Wherein each of plural chambers formed 
betWeen the plurality of the optical elements disposed in the 
barrel is provided With a gas supply inlet and a gas discharge 
outlet, respectively, for supplying and discharging an inert 
gas having a less capability of absorbing the illuminating 
light, and each of the gas supply inlet and the gas discharge 
outlet is provided With an opening-closing valve for opening 
and closing the gas supply inlet and the gas discharge outlet, 
respectively. 

[0019] In addition, in order to achieve the object as 
described above, the present invention in another aspect 
provides a light cleaning method for cleaning the optical 
device for use With an eXposure apparatus for transferring a 
pattern on a mask onto a substrate by irradiating the mask 
With an illuminating light, the optical device being con?g 
ured in such a Way that each of chambers formed betWeen 
a plurality of optical elements disposed in a barrel is 
provided With a gas supply inlet and a gas discharge outlet 
for supplying and discharging a gas having a lesser capa 
bility of absorbing the illuminating light, respectively, and 
that the gas supply inlet and the gas discharge outlet are each 
provided With an opening-closing valve for opening and 
closing the gas supply inlet and the gas discharge outlet, 
respectively; Wherein the optical device is cleaned by the 
light cleaning method comprising the step for ?lling the 
barrel With the gas to a predetermined pressure in such a 
state that the opening-closing valve of the gas supply inlet is 
opened While the opening-closing valve of the gas discharge 
outlet is closed; the step for alloWing a contaminating 
material attached on a surface of the optical elements to ?oat 
by irradiating the optical elements With the illuminating light 
in such a state that the opening-closing valves of the gas 
supply inlet and the gas discharge outlet are both closed; the 
step for ?oWing the gas outside and inside the barrel by 
opening the opening-closing valve of the gas supply inlet 
and the opening-closing valve of the gas discharge outlet; 
and the step for closing the opening-closing valves of the gas 
supply inlet and the gas discharge outlet, respectively. 

[0020] With the above con?guration, it is also possible to 
?oW the inert gas through each of the plural chambers in 
such a state that the opening-closing valves of the gas supply 
inlet and the gas discharge outlet are both opened, prior to 
closing the opening-closing valve of the gas discharge 
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outlet. Moreover, the optical device may be con?gured in 
such a manner that the plural chambers are divided into at 
least tWo groups, each group having a predetermined num 
ber of chambers, and each group is provided With a gas 
supply inlet and a gas discharge outlet as Well as the gas 
supply inlet and the gas discharge outlet are each provided 
With an opening-closing valve. 

[0021] Furthermore, in order to achieve the object as 
described above, the present invention provides a projection 
exposure apparatus for transferring a pattern on a mask onto 
a substrate through a projection optical system by irradiating 
the mask With an illuminating light, Wherein a plurality of 
chambers, each chamber being formed betWeen a plurality 
of optical elements disposed in a barrel and provided With a 
gas supply inlet and a gas discharge outlet for supplying and 
discharging an inert gas having a lesser capability of absorb 
ing the illuminating light, respectively, and the gas supply 
inlet and the gas discharge outlet being each provided With 
an opening-closing valve; Wherein the optical device is so 
arranged as to be cleaned by a light cleaning method 
comprising the step for ?lling the barrel With the gas to a 
predetermined level of pressure in such a state that the 
opening-closing valve of the gas supply inlet is opened 
While the opening-closing valve of the gas discharge outlet 
is closed; the step for alloWing a contaminating material 
attached on a surface of the optical elements to ?oat by 
irradiating the optical elements With the illuminating light in 
such a state that the opening-closing valves of the gas supply 
inlet and the gas discharge outlet are both closed; the step for 
?owing the gas outside and inside the barrel by opening the 
opening-closing valve of the gas supply inlet and the open 
ing-closing valve of the gas discharge outlet; and the step for 
closing the opening-closing valves of the gas supply inlet 
and the gas discharge outlet, respectively. 

[0022] The optical device according to the present inven 
tion may also be used as the projection optical system and/or 
the illumination optical system for irradiating the mask With 
the illuminating light. 

[0023] In order to achieve the object as described above, 
the present invention in a further aspect provides an expo 
sure apparatus for transferring a pattern on a mask onto a 
substrate, Which comprises an optical system interposed 
betWeen a light source for emitting an illuminating beam and 
the substrate; a protective ?lter disposed at least at an end of 
a barrel for holding an optical element; and an optical unit 
having a gas having a lesser capability of absorbing the 
illuminating beam ?lled in the barrel, the optical unit being 
disposed in the optical system. 

[0024] With the above con?guration, the optical device 
according to the present invention contains an illumination 
optical system for irradiating the mask With the illuminating 
beam and has the optical unit disposed in the illumination 
optical system. Upon mounting the optical unit on the 
optical system, the protective ?lter may be detached from 
the barrel or a neW protective ?lter is exchanged for the older 
one. Preferably, the optical device according to the present 
invention is further provided With a gas supply device for 
supplying an inert gas having a lesser capability of absorb 
ing the illuminating beam, Which is disposed in the optical 
system, and the gas supply device is to be operated after the 
illuminating beam has been emitted in such a state that the 
optical system is ?lled With the inert gas. Moreover, it is 
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preferred that the optical device is further provided With a 
gas exhaust device for discharging the inert gas present in 
the optical system and that the gas exhaust device is operated 
prior to ?lling or supplying the optical system With the inert 
gas. The illuminating beam to be used therefor may have a 
Wavelength preferably in the range of from 100 nm to 200 
nm, and it may preferably include, for example, ArF laser or 
F2 laser. Moreover, the inert gas may preferably include, for 
example, nitrogen, helium, or the like. 

[0025] In addition, in order to achieve the object as 
described above, the present invention in a still further 
embodiment provides the exposure apparatus for transfer 
ring a pattern on a mask onto a substrate, Which comprises 
an optical system interposed betWeen a light source for 
emitting an illuminating beam and the substrate; a gas 
supply device for supplying an inert gas having a lesser 
capability of absorbing the illuminating beam to at least a 
portion of the optical system; and a gas exhaust device for 
discharging the inert gas from the portion of the optical 
system prior to the supply of the inert gas. 

[0026] With the above con?guration, the optical device 
according to the present invention may contain an illumi 
nation optical system for irradiating the mask With the 
illuminating beam, a light sending system interposed 
betWeen the light source and the illumination optical system, 
and a projection optical system for projecting the illuminat 
ing beam leaving from the mask onto the substrate. With this 
con?guration, it is preferred that the gas exhaust device and 
the gas supply device are operated one after another in this 
order after the optical system has been cleaned by means of 
light by irradiating the optical system With the illuminating 
beam. The illuminating beam to be used therefor may have 
a Wavelength preferably in the range of from 100 nm to 200 
nm, and it may preferably include, for example, ArF laser or 
F2 laser. Moreover, the inert gas may preferably include, for 
example, nitrogen, helium, or the like. 

[0027] In order to achieve the object as described above, 
the present invention in a still further aspect provides a 
method for the production of the exposure apparatus, Which 
comprises locating a protective ?lter at least at an end of a 
barrel holding optical elements, ?lling the barrel With an 
inert gas having a lesser capability of absorbing the illumi 
nating beam, and locating the barrel betWeen a light source 
for emitting the illuminating light and the substrate. 

[0028] In the method for the production of the exposure 
apparatus according to the present invention, the protective 
?lter is detached or a neW protective ?lter is exchanged for 
the older protective ?lter, after the barrel has been disposed. 

[0029] Moreover, in order to achieve the object as 
described above, the present invention in a still further 
embodiment provides a method for the production of the 
exposure apparatus for exposing the substrate to the illumi 
nating beam through the mask, Which comprises irradiating 
at least a portion of the optical system capable of alloWing 
the illuminating beam to pass therethrough With a cleaning 
light for cleaning the optical system and replacing the gas 
present in the optical system With a gas having a lesser 
capability of absorbing the illuminating beam. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1 is a schematic illustration of an exposure 
apparatus in an embodiment of the present invention. 
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[0031] 
[0032] FIG. 3 is a schematic illustration showing an 
illuminating lens unit 2; in Which 

[0033] 
[0034] FIG. 3(b) is an enlarged vieW shoWing a portion of 
a quick coupler Q1 of FIG. 2(a). 

[0035] FIG. 4 is a vieW for explaining procedures of 
mounting the illuminating lens unit 2 on an illumination 
optical system IL. 

[0036] FIG. 5 is a sectional vieW shoWing a projecting 
lens unit 4. 

FIG. 2 is a vieW shoWing details of a gas cell GS. 

FIG. 3(a) is a sectional vieW; and 

[0037] FIG. 6 is a vieW shoWing a ?rst variation of the 
projecting lens unit of FIG. 5. 

[0038] FIG. 7 is a vieW shoWing a second variation of the 
projecting lens unit of FIG. 5. 

[0039] FIG. 8 is a sectional vieW shoWing a tubular path 
L12 as shoWn in FIG. 7. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0040] A description Will be made of the embodiment 
according to the present invention With reference to FIGS. 1 
to 8. 

[0041] FIG. 1 is a vieW for schematically explaining an 
exposure apparatus according to the embodiment of the 
present invention. As shoWn in FIG. 1, a light source 1 for 
emitting an ArF excimer laser light is disposed separately 
from a chamber in Which the main body of the exposure 
apparatus is housed. A portion of the light beam leaving 
from the light source 1 is transmitted through a light sending 
system, that is, a beam splitter (a partial mirror) Mp to a 
mirror MI1 While the remaining is re?ected and then travels 
toWard a mirror M. The light passed through the beam 
splitter Mp is re?ected at mirrors MI1 and MI2 in the light 
sending system and at a mirror MI3 in an illumination optical 
system IL, thereby illuminating a reticle R in a uniform 
manner through an illuminating lens unit 2 disposed in the 
illumination optical system IL. FIG. 1 shoWs an integral 
combination of the light sending system and the illumination 
optical system IL. In FIG. 1, only one illuminating lens unit 
2 is shoWn, although in usual cases the illumination optical 
system IL comprises a plurality of illuminating lens units 2 
(containing, e.g., a ?yeye lens unit, a relay lens unit, a 
condenser lens unit, etc.). The light sending system and the 
illumination optical system IL are enclosed With a container, 
and the container is supplied With a gas having no or a lesser 
capability of absorbing an ArF light, such as, for example, 
nitrogen gas (or helium gas), through a valve V1. Although 
not shoWn, the reticle R is loaded on a stage and alloWed to 
be transferred relatively to the illuminating light leaving 
through a slit or otherWise of a vision ?eld stop of the 
illumination optical system IL. 

[0042] The light passed through the reticle R is transmitted 
through a variety of optical members constituting an pro 
jection optical system PL, e.g., a lens element and/or a 
mirror, onto the surface of a Wafer W loaded on a Wafer stage 
WS, and a pattern formed on the reticle R is imaged on the 
surface of the Wafer W. The Wafer stage WS is so arranged 
as to transfer the Wafer W in a direction relative to the light 
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leaving from the reticle R by irradiating it With the illumi 
nating light and passing through the projection optical 
system PL. Upon exposure, the reticle R and the Wafer W are 
scanned in directions opposite to each other at a velocity 
ratio corresponding to a magni?cation of the projection 
optical system. The projection optical system PL is provided 
With at least one projecting lens unit 4, and the projection 
optical system PL is enclosed With a container in substan 
tially the same manner as the illumination optical system IL. 
The container is supplied With a nitrogen gas or otherWise 
through a valve V2. The details of the illuminating lens unit 
2 and the projecting lens unit 4 Will be described hereinafter. 

[0043] The container for enclosure of the illumination 
optical system IL is provided With a valve V3 for discharg 
ing nitrogen gas therefrom, and the nitrogen gas discharged 
from the valve V3 is sent to an exhaust duct by the aid of a 
rotary pump RP. The container is also provided With a valve 
V4 for discharging nitrogen gas therefrom, and the nitrogen 
gas discharged through the valve V4 is then supplied to an 
exhaust duct through the rotary pump RP. The light left from 
the light source 1 and re?ected at the beam splitter Mp is 
then re?ected by means of a plurality of mirrors M disposed 
and arranged in an appropriate manner, and enters into a gas 
cell GS through a lens L. The gas cell GS is supplied With 
nitrogen gas through a pressure reducing valve RG. As 
shoWn in FIG. 2, the gas cell GS is provided With an ori?ce 
O, and the lens L is disposed so as to seal the ori?ce O. The 
light entering into the gas cell GS through the lens L is so 
arranged as to be focused on an axis connecting a gas supply 
inlet 10 to a gas discharge outlet 11. The nitrogen gas is 
ioniZed in the gas cell GS by the tWo-photon absorption 
action of ultraviolet light. 

[0044] The ioniZed nitrogen gas discharged from the gas 
cell GS is divided into three paths, each being supplied to a 
container enclosing the reticle R and a reticle stage through 
a valve V5, to a bottom end portion of the projection optical 
system PL through a valve V6, and to the Wafer WS through 
a valve V7. The container for enclosing the reticle R and the 
reticle stage is provided With a valve V8 through Which the 
nitrogen gas is discharged. The nitrogen gas discharged 
through the valve V8 is supplied to an exhaust duct through 
an oxygen sensor S and the rotary pump RP. 

Detailed Description of Illuminating Lens Unit 

[0045] FIG. 3(a) is a vieW in section of the illuminating 
lens unit 2 disposed in the illumination optical system IL. A 
barrel 26 has lenses 21 to 25, inclusive, and lens separation 
rings 27 to 30, inclusive, disposed each so as to hold the 
lenses in a predetermined distance from one another. More 
over, the lenses and the lens separation rings are ?xed to the 
barrel 26 by means of a pressing ring 31. The barrel 26 is 
housed in a casing 32, and caps 33 and 34 are mounted on 
the top and bottom openings (When looked at the draWing) 
of the casing 32 through O-ring seals S1 and S2, respec 
tively. The cap 33 is con?gured such that a glass member 36 
is mounted on a frame 35, and the cap 34 is con?gured such 
that a glass member 38 is mounted on a frame 37. The casing 
32 is provided With a tubular path I3a for supplying 
nitrogen gas and a tubular path L3b for discharging the 
nitrogen gas, and the tubular paths L3a and L3b are provided 
With valves V10 and V11, respectively. The tubular path L3a 
for the supply of the gas is divided into three tubular path 
divisions L3a1, I3a2 and I3a3, the tubular path division 
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L3a1 being connected to a gas supply inlet G1 through a 
quick coupler Q1, the tubular path division L3412 being 
connected to a gas supply inlet G2 through a quick coupler 
Q2, and the tubular path division L3a3 being connected to a 
gas supply inlet G1 through a quick coupler Q3. On the other 
hand, the tubular path L3b is connected to a gas discharge 
outlet G4 through a quick coupler Q4. 

[0046] FIG. 3(b) is an enlarged vieW of the portion of the 
quick coupler Q1 of the tubular path division L3a1. As 
shoWn in FIG. 3(b), a chemical ?lter F is disposed on the 
doWnstream side of the quick coupler Q1 so as to prevent a 
contaminating material from entry into the casing 32. Like 
Wise, the other tubular path divisions L3412 and L3413 are 
provided each With a chemical ?lter F. A description Will be 
made of the chemical ?lter F hereinafter. 

[0047] As the nitrogen gas has been supplied from the 
tubular path L341, the nitrogen gas supplied to the gas supply 
inlet G1 through the tubular path division L3a1 is ?oWn 
through a lens chamber interposed betWeen the cap 33 and 
the lens 21 in the direction as indicated by the arroW A1, and 
the nitrogen gas is then discharged through the gas discharge 
outlet G4 into the tubular path L3b. On the other hand, the 
nitrogen gas supplied to the gas supply inlet G2 through the 
tubular path division L3412 is alloWed to How through a lens 
chamber interposed betWeen the lenses 21 and 22 and then 
through a lens chamber interposed betWeen the lenses 22 
and 23 in the direction as indicated by the arroW A2, 
folloWed by passing through a lens chamber interposed 
betWeen the lenses 23 and 24 in the direction as indicated by 
the arroW A3, and through a lens chamber interposed 
betWeen the lenses 24 and 25 in the direction as indicated by 
the arroW A4, then folloWed by discharging the nitrogen gas 
through the gas discharge outlet G4 to the tubular path 
division L3b. Further, the nitrogen gas supplied to the gas 
supply inlet G3 through the tubular path L3a3 is alloWed to 
pass through a lens chamber interposed betWeen the cap 34 
and the lens 25 in the direction as indicated by the arroW A5 
and then discharged through the gas discharge outlet G4 to 
the tubular path L3b. 

[0048] The barrel 26 is assembled in ambient atmosphere 
in usual cases, so that attachment of a contaminating mate 
rial to the surfaces of the lenses 21 to 25 is inevitable. In 
accordance With the present invention, hoWever, the illumi 
nating lens unit 2 is con?gured such that the contaminating 
material attached to each of the lenses 21 to 25 can be 
removed easily and readily in a Way as Will be described 
hereinafter and further that attachment of such a contami 
nating material to the surface of a lens can be avoided upon 
assembly of the illuminating lens unit 2 With the illumina 
tion optical system IL. 

[0049] More speci?cally, ?rst, the casing 32 is exhausted 
in a vacuum state by opening the valve V11 in such a state 
that the valve V10 is closed. Thereafter, the valve V11 is 
closed and the valve V10 is opened to supply the casing 32 
With nitrogen gas and ?ll the casing 32 With the nitrogen gas. 
In this state, each of the lenses 21 to 25, inclusive, is 
irradiated With ArF light through a glass member of the cap 
33. As the lenses are irradiated With the ArF light, then the 
contaminating material attached on the surface of each of the 
lenses 21 to 25 and an inner surface of each of glass 
members 36 and 38 is alloWed to be removed therefrom and 
to ?oat in the nitrogen gas. While the lenses are irradiated in 
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the manner as described above, the valve V11 is opened and 
the nitrogen gas present in the casing 32 is alloWed to be 
discharged, thereby resulting in discharging the contaminat 
ing material ?oating in the nitrogen gas outside the casing 
32. Then, the valve V11 is closed in the state in Which the 
casing 32 is supplied With the nitrogen gas, and the pressure 
in the casing 32 is adjusted so as to reach a predetermined 
level. As the pressure has reached the predetermined level, 
then the valve V10 is closed, and the illuminating lens unit 
2 is stored in this state. Alternatively, unlike in the above 
mentioned state in Which the casing 32 is ?lled With the 
nitrogen gas, the contaminating material may also be 
removed by irradiating the illuminating lens unit 2 With ArF 
light or light beams having Wavelengths of 185 nm and 254 
nm, emitting from a loW-pressure mercury lamp, While 
keeping the nitrogen gas ?oWing. In the latter case Where the 
loW-pressure mercury lamp is used, the loW-pressure mer 
cury lamp is arranged in a roW With the light source 1 and 
the light beam emitting from the loW-pressure mercury lamp 
is led to the light sending system by means of a lens and/or 
a mirror. In this case, hoWever, the optical system disposed 
behind the loW-pressure mercury lamp and the light source 
may also be used in substantially the same manner as 
described above. 

[0050] With the con?guration as described above, the 
contaminating material attached to the surfaces of the lenses 
21 to 25 can be removed easily and readily upon assembly 
of the barrel 26. Moreover, this manner can avoid the 
contamination of the lenses 21 to 25 until the illuminating 
lens unit 2 is assembled With the illumination optical system 
IL. 

[0051] Then, a description Will be made of the procedures 
of the assembly of the illuminating lens unit 2 With the 
illumination optical system IL With reference to FIG. 4. 
First, the illumination optical system IL is Wide open to 
ambient atmosphere, and the tubular path 13a of the illu 
minating lens unit 2 is connected to a nitrogen gas supply 
line of the valve V1 disposed in the illumination optical 
system IL. Then, the valves V1 and V10 are opened and the 
valve V11 is closed to supply the casing 32 With the nitrogen 
gas. Further, after the caps 33 and 34 (see FIG. 3) are 
detached While the nitrogen gas has been supplied, the valve 
V11 is opened and the illumination optical system IL is 
closed. At this time, the nitrogen gas is alloWed to How in 
each of the lens chambers in the direction as indicated by the 
respective arroWs Al to A4, inclusive, and the nitrogen gas 
to be supplied through the tubular paths L3a and L3b is 
alloWed to How in the direction as indicated by the arroW A6, 
so that the surface on the opening side of each of the lenses 
21 and 25 is blocked from the open atmosphere by the 
nitrogen gas. In this con?guration, the contamination of the 
lenses 21 to 25 can be prevented even upon assembly of the 
illuminating lens unit 2 With the illumination optical system 
IL. 

[0052] As Will be described hereinafter, the illumination 
optical system IL is exhausted in a vacuum state through the 
valve V3 after the assembly of the illuminating lens unit 2 
With the illumination optical system IL, and the nitrogen gas 
is supplied to the illuminating lens unit 2 through the valve 
V1. At this time, the nitrogen gas supplied to the tubular path 
L3a through the quick coupler Q5 is alloWed to How into the 
illumination optical system IL after circulation through the 
illuminating lens unit 2 and discharged toWard the outside 
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through the valve V3. Although the caps 33 and 34 have 
been detached upon assembly of the illuminating lens unit 2 
With the exposure apparatus in the manner as described 
above, the such assembly can also be made in some device 
con?guration Without detaching the caps 33 and 34. In such 
a case, as the surface on the atmospheric side of each of the 
glass members 36 and 38 of the respective caps 33 and 34 
is contaminated With Water or otherWise, the contaminating 
material can be removed thoroughly from the illuminating 
lens unit 2, for instance, simply by exchanging neW caps 
non-contaminated for the old caps 33 and 34. It is further to 
be noted herein that the method for removing the contami 
nating material by supplying the nitrogen gas and irradiating 
the illuminating lens unit 2 With the illuminating light in the 
manner as described above can also be applied to the 
projecting lens unit 4, Without limiting to the illuminating 
lens unit 2. 

Description of the Details of the Projecting Lens 
Unit 4 

[0053] FIG. 5 is a vieW in section of an outline of the 
projecting lens unit 4 to be disposed in the projection optical 
system PL. Abarrel 41 of the projecting lens unit 4 has three 
lenses 42, 43 and 44 disposed in a relationship spaced apart 
in a predetermined distance from one another, and ?xed 
thereto by means of a pressing ring 45. Reference numeral 
46 denotes a lens separation ring for holding the lenses 43 
and 44 apart in a predetermined distance from each other. It 
should be noted herein, hoWever, that although the project 
ing lens unit 4 is provided With a number of lenses in an 
actual case, FIG. 5 shoWs only three lenses for brevity of 
explanation. A lens chamber R1 is formed betWeen the 
lenses 42 and 43, and a lens chamber R2 is formed betWeen 
the lenses 43 and 44. The lens chamber R1 is provided With 
a gas supply inlet G6 having a quick coupler Q6 mounted 
thereon and With a gas discharge outlet G7 having a quick 
coupler Q7 mounted thereon. On the other hand, the lens 
chamber R2 is provided With a gas supply inlet G8 having 
a quick coupler Q8 mounted thereon and With a gas dis 
charge outlet G9 having a quick coupler Q9 mounted 
thereon. BetWeen the gas supply inlet G6 and the quick 
coupler Q6 is interposed a chemical ?lter F1. LikeWise, 
betWeen the gas supply inlet G8 and the quick coupler Q8 is 
interposed a chemical ?lter F2. The chemical ?lters F1 and 
F2 are disposed With the attempt to remove impurities such 
as, for example, organic substances and alcohols, present in 
the nitrogen gas to be supplied. 

[0054] NoW, a description Will be made of details of the 
chemical ?lter. As a ?lter for removing ions, there may be 
used, for example, an ion exchange resin, an ion exchange 
?ber, or the like. As a ?lter for use in treating gases, an ion 
exchange ?ber is preferred in terms of a larger surface area, 
a higher reaction velocity, and easiness of processing. Such 
an ion exchange ?ber may be prepared by graft polymer 
iZation of a polymer ?ber such as, for example, polypropy 
lene ?ber, by means of radiation. The ion exchange ?ber 
may be divided into tWo groups, i.e., an acidic cation 
exchange ?ber and a basic anion exchange ?ber. An acidic 
cation exchange ?ber may be preferably used for an positive 
ion such as, for example, NH4+ or an amine ion, or a basic 
gas, and a basic anion exchange ?ber may be preferably used 
for a negative ion such as, for example, SO42- or NOx, or an 
acidic gas. 
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[0055] FIG. 5 shoWs the quick couplers Q6 to Q9 having 
valves V16 to V19 mounted on tubular paths L16 to L19 
thereof, respectively, in order to control a How of the gas to 
be supplied through each of the gas supply inlets G6 and G8 
for each of the lens chambers R1 and R2, respectively. In the 
case of the projecting lens unit 4, too, it is inevitable that a 
contaminating material is attached to surfaces of the lenses 
42 to 44, inclusive, upon assembly of a barrel thereof, 
likeWise in the case of the illuminating lens unit 2 in the 
manner as described above. In this case, too, such a con 
taminating material attached to the surfaces of the lenses for 
the projecting lens unit 4 can also be removed in substan 
tially the same procedures as in the case of the illuminating 
lens unit 2, i.e., by irradiating the projecting lens unit 4 With 
ArF light While ?oWing nitrogen gas through the gas supply 
inlets G6 and G8. A description of the speci?c procedures 
for removing such a contaminating material from the pro 
jecting lens unit 4 Will be omitted from the folloWing 
explanation because they are substantially the same as in the 
case of the illuminating lens unit 2. 

[0056] In the embodiment as shoWn in FIG. 5, the tubular 
paths L16 and L19, inclusive, are provided each With a valve 
so as to control a How of a gas for each of the lens chambers 

R1 and R2. It should be noted herein, hoWever, that, as long 
as a How amount of a gas that ?oWs through the lens 
chambers R1 and R2 is not reduced to an extremely loW 
extent, tubular paths L16 and L18 are combined into one 
tubular path L12, on the one hand, and tubular paths L17 and 
L19 are combined into one tubular path L13, on the one 
hand, and the combined tubular paths L12 and L13 are 
provided With valves V12 and V13, respectively, as shoWn 
in FIG. 6, in order to control a How of the gas through the 
projecting lens unit 4. Although FIG. 6 shoWs only three 
lenses for the projecting lens unit 4 and only one lens 
chamber for collectively discharging the gas therefrom, the 
projecting lens unit 4 is actually provided With a number of 
lenses so that a plurality of lens chambers are formed. 
Therefore, in such a case, the number of the lens chambers 
for collectively discharging the gas for a plurality of lenses 
may be tWo or more. A gas supply inlet and a gas discharge 
outlet are provided for each of the lens chambers as shoWn 
in FIGS. 5 and 6, hoWever, a line may be provided only for 
a lens chamber that can be expected to achieve the highest 
effect from the design point of vieW. 

[0057] FIG. 7 shoWs a variation of the projecting lens unit 
as shoWn in FIG. 6, in Which the portions and elements 
identical to those as shoWn in FIG. 6 are provided With the 
identical reference numerals and symbols. Adescription Will 
be made mainly of the portions and elements that differ from 
those of FIG. 6. As shoWn in FIG. 7, a projecting lens unit 
4‘ has an inner Wall surface of each of the lens chambers R1 
and R2 as Well as an inner Wall surface of the tubular path 
L12 for supply of a gas coated With an adsorbing material Ad 
in order to remove Water and so on present in a nitrogen gas 
to be supplied through a nitrogen gas supply source T. The 
adsorbing material may include, for example, activated 
carbon, silica gel, Zeolite, and so on. In FIG. 7, reference 
symbol LF sets forth a line ?lter, and reference symbol V14 
sets forth a valve. 

[0058] Then, a description Will be made of the operation 
of the illuminating lens unit 2 and the projecting lens unit 4, 
each having the con?guration as described above, after they 
are assembled With the exposure apparatus. Each of the 
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illumination optical system IL, the projection optical system 
PL and the reticle R is enclosed With a container from Which 
in turn the air is exhausted into a vacuum state sequentially 
by the action of the rotary pump RP through the valves V3, 
V4 and V8, respectively. At this time, the air is discharged 
from the inside of each of the illuminating lens unit 2 and the 
projecting lens unit 4 to a vacuum state in the like manner. 
The degree of vacuum in each of the containers can be 
knoWn on the basis of the concentration of oxygen to be 
detected by an oxygen sensor S mounted on each of the 
respective containers. After the vacuum state has been 
realiZed to a predetermined level, the container enclosing 
each of the illumination optical system IL and the projection 
optical system PL is supplied With nitrogen gas to a level 
higher than the atmospheric pressure through the valves V1 
and V2, respectively. Further, the container enclosing the 
reticle R is supplied With an appropriately ioniZed nitrogen 
gas to amount to a level higher than the atmospheric pressure 
through the valve V5. The ioniZed nitrogen gas can remove 
static electricity caused to be generated in the reticle R, 
thereby preventing an occurrence of damages of the reticle 
R resulting from static electricity. 

[0059] On the other hand, an ioniZed nitrogen gas is 
supplied toWard the Wafer W in a space betWeen the pro 
jection optical system PL and the Wafer W through the valve 
V6 in the direction nearly perpendicular to the Wafer W. In 
addition, an ioniZed nitrogen gas is further supplied through 
the valve V7 so as to block the surface of the Wafer W from 
the open atmosphere. This can remove static electricity 
generated on the surface of the Wafer W by means of the 
action of the ioniZed nitrogen gas supplied, thereby prevent 
ing the Wafer W from being damaged or stained by static 
electricity. 

[0060] Upon subjecting the Wafer W to projection expo 
sure or exchanging Wafers, an ioniZed nitrogen gas is 
supplied in a generally continual manner to a space betWeen 
the projection optical system PL and the Wafer W. Therefore, 
the nitrogen gas atmosphere Will not be broken in a sub 
stantial manner even upon exchanging Wafers. Moreover, 
only When the reticle R has to be exchanged, it is required 
that an ioniZed nitrogen gas has to be supplied to a container 
enclosing the reticle R by draWing a vacuum after exchang 
ing reticles. On the other hand, for a container enclosing the 
illumination optical system IL and the projection optical 
system PL, the valves V1 to V4, inclusive, may be closed in 
a state in Which it is ?lled With an ioniZed nitrogen gas or an 
ioniZed nitrogen gas may be supplied in a continual manner. 
In particular, the continual supply of the ioniZed nitrogen gas 
presents the advantages as Will be described hereinafter. 

[0061] Even if contaminating materials Would have been 
removed after the assembly of the illuminating lens unit 2 
and the projecting lens unit 4 in the manner as described 
above, there is the risk that the surfaces of lenses may be 
contaminated With moisture and so on after the assembly 
With the exposure apparatus by causing moisture and so on 
attached to the inner Wall surfaces of the casing 32 and the 
lens chambers R1 and R2 to be released. HoWever, When the 
ioniZed nitrogen gas is supplied continually after the assem 
bly in the manner as described above, each of the lenses is 
irradiated With ArF light by the exposure operation and the 
irradiation of such ArF light alloWs the contaminating mate 
rials released from the lens surfaces to be exhausted outside 
the container together With the nitrogen gas. Therefore, the 
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lens surfaces are not contaminated again With moisture and 
so on even if they Would be released from the inner surfaces 
thereof. In the embodiment as described above, a description 
has been made by taking the illuminating lens unit 2 and the 
projecting lens unit 4, each consisting of plural lenses, as an 
example, hoWever, it should be noted herein that the present 
invention can be applied in a like manner to an optical 
system consisting of re?ecting mirrors. 

[0062] When such an inert gas has been ?oWn continually 
inside and outside the barrel in the manner as described 
above, adhesive or ?lling material used for ?xing an optical 
element such as, for example, a lens, or the like to the barrel 
(a holding member) of the illumination optical system, the 
projection optical system or the light sending system in the 
exposure apparatus is irradiated With radiating beams having 
an ultraviolet Wavelength region and gases consisting of 
organic materials, etc. derived from the adhesive or ?lling 
material, or reaction products, etc. resulting from such gases 
may be generated. Even in such a case, this can prevent such 
gases from attaching to the optical member or entering into 
the optical path and ?oating therein. This can also prevent a 
?uctuation in optical characteristics (e.g., transmittance, 
re?ectance, etc.) of optical members, Which may be caused 
by the irradiation With light beams, or in optical character 
istics such as, for example, focal distance, projection mag 
ni?cation, ?ve aberrations of Seidel, telecentricity, etc. in the 
projection optical system. As a consequence, a ?uctuation in 
the intensity of illuminating light on the mask or substrate 
can be prevented, so that a pattern of a mask can be 
transferred onto a substrate alWays at an appropriate amount 
of exposing light, and an image of the pattern on the mask 
can be projected on the substrate alWays under appropriate 
imaging conditions. 

[0063] In addition, the present invention can be applied to 
the ready implementation of a so-called light cleaning 
operation for optical members in an exposure apparatus for 
use in the lithography process for manufacturing micro 
devices such as semiconductor elements, thin layer magnetic 
heads, image pickup elements (CCD) and so on, by utiliZing 
the method for the removal of contaminating materials in the 
manner as described above. The present invention alloWs 
contaminating materials attached on the surface of the 
optical member (e.g., gases derived therefrom or reaction 
products resulting from such gases, or impurities such as, for 
example, Water or hydrocarbons to be generated from the 
inner Wall of the barrel, etc.) to be removed simply by 
irradiating the optical member of the illumination optical 
system, the projection optical system or the light sending 
system or otherWise With light beams or illuminating light 
for exposing, for example, having a Wavelength of 185 nm 
or 254 nm, While the illumination optical system, the pro 
jection optical system or the light sending system or other 
Wise is incorporated into the exposure apparatus. 

[0064] The optical system to be installed in the exposure 
apparatus to Which the optical device or the cleaning method 
according to the present invention can be applied may 
include, for example, an illumination optical system con 
sisting of a plurality of optical elements such as, for 
example, optical integrators (?yeye lenses) or condenser 
lenses and illuminating a mask With an exposing light, or a 
projection optical system (including, for example, a cata 
dioptric optical system) consisting of a plurality of optical 
elements (refracting elements and/or re?ecting elements) 
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arranged along the optical axis thereof and projecting an 
image of a pattern formed on a mask onto a substrate (such 
as, for example, a semiconductor Wafer, etc.). Moreover, 
they may include optical systems Which comprise, for 
example, (1) a light sending system having at least one 
optical element (such as, for example, a movable mirror, 
parallel ?at panel, etc.) for adjusting the position relation 
ship of the optical axis of the illumination optical system 
With the illuminating light and leading the illuminating light 
leaving from a light source disposed on a ?oor of a clean 
room separately from the main body of the exposure appa 
ratus; (2) an alignment optical system for detecting the 
position of an alignment mark on the mask or the substrate 
by irradiating the mask or the substrate With the illuminating 
light having an ultraviolet Wavelength region; and (3) an 
optical system of a measurement device for detecting optical 
characteristics (such as, for example, projection magni?ca 
tion, etc. as described above) of the projection optical 
system, Which is so con?gured such that a light generating 
from a mark and passing through the projection optical 
system is received When a reference mark or a measurement 
mark on a stage With the mask or the substrate loaded 
thereon is irradiated With an exposing light or an illuminat 
ing light having the Wavelength substantially equal to that of 
the exposing light. 

[0065] Moreover, When the present invention is applied to 
the alignment optical system as described above, a ?uctua 
tion in the intensity of the illuminating light (an alignment 
light) to be irradiated on the alignment mark, Which may be 
caused by a ?uctuation in the transmittance or re?ectance of 
the optical member, can be prevented. Further, a deteriora 
tion in the telecentricity of the illuminating light and so on 
can also be prevented, Which may be caused by a decrease 
in uniformity of illuminance of the illuminating light on the 
alignment mark, i.e., by the formation of an irregularity in 
illuminance, due to the presence of such gases derived from 
the adhesive or ?lling materials used for ?xing the optical 
members to the barrel or such reaction products from such 
gases, or by a decrease in uniformity of the light intensity in 
a pupil region of the alignment optical system through Which 
a light ?ux of the illuminating light focusing on one point on 
the alignment mark passes. As a consequence, the mask can 
be aligned With the substrate at a high degree of precision 
Without causing any decrease in precision of detecting the 
position of the alignment mark. 

[0066] In addition, When the present invention is applied 
to the measurement optical system, like the alignment opti 
cal system, there can be prevented a ?uctuation in the 
intensity of the illuminating light on the mark due to a 
?uctuation in the transmittance or re?ectance of the optical 
member, as Well as an irregularity of illuminance and a 
decrease in telecentricity. As a result, the optical character 
istics of the projection optical system can be detected at a 
high degree of precision. 

[0067] It can also be noted herein that the present inven 
tion can further be applied to an exposure apparatus Which 
uses F2 laser having a Wavelength of 157 nm as an exposing 
light source. In other Words, the present invention is effec 
tive for a vacuum ultraviolet light (VUV light) having a 
Wavelength region of 100 nm to 200 nm, particularly for a 
VUV light having a Wavelength region of 150 nm to 200 nm. 
This is because a light having a Wavelength region shorter 
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than 150 nm may be likely to undergo the limitations to a 
large extent from a glass material, a coating material, and so 
on. 

[0068] It can noW be noted herein that the terms as referred 
to in the embodiments as described above correspond to the 
elements as used in the claims section of the speci?cation of 
this application as Will be referred to herein. In the embodi 
ments of the present invention as described above, the reticle 
R corresponds to a mask as referred to so in the claims 
section of the speci?cation; the illuminating lens unit 2 and 
projecting lens units 4 and 4‘ to an optical lens device; caps 
33 and 34 each to a protective ?lter; tubular path L12 to a 
supply passage; and the valve V12 to a movable member. It 
is further to be noted herein that the term “inert gas” referred 
to in this speci?cation should be understood to include 
nitrogen gas. 

[0069] As described above, the present invention can offer 
the effects as Will be described hereinafter. 

[0070] As the protective ?ler de?ning a predetermined 
space is provided betWeen both ends of each of the plural 
optical elements, and not only each of the spaces betWeen 
the optical element and the protective ?lter but also each of 
the chambers disposed betWeen the plural optical elements 
are ?lled With an inert gas, each of the chambers and the 
spaces can be purged and cleaned With the inert gas after the 
assembly of a single body of the optical device, thereby 
assembling the optical device With the projection exposure 
apparatus in a state in Which the optical elements located on 
the both sides are not contaminated. 

[0071] Further, as the optical device is assembled While 
the space interposed betWeen the protective ?lter and the 
optical elements disposed on the both sides thereof is purged 
With such an inert gas, the optical elements or the protective 
?lter can be prevented from contamination at the time of 
assembly. 

[0072] Moreover, in accordance With the present inven 
tion, the protective ?lter is detached While the space inter 
posed betWeen the protective ?lter and the optical elements 
on the both sides thereof and a pre-cleaned protective ?lter 
is then mounted thereon, so that the optical elements or the 
protective ?lter can be prevented from contamination at the 
time of assembly. 

[0073] An adsorbing material is mounted on an inner face 
of the supply passage of the inert gas and the barrel, so that 
a contaminating material in the inert gas supplied, if it is 
present therein, can be adsorbed on the absorbing material, 
and there can be avoided the risk that the surface of the lens 
or the re?ecting mirror is contaminated. 

[0074] In addition, a ?lter is disposed on the side doWn 
stream of the movable member such as an electromagnetic 
valve, so that a contamination of the surface of the lens and 
the surface of the re?ecting mirror With the contaminating 
material generating from the movable member can be pre 
vented. 

[0075] Furthermore, the contaminating materials can be 
removed for sure because each of the chambers among the 
plural optical elements is so arranged that it can be purged 
individually With the inert gas. 

[0076] Moreover, the plural chambers interposed each 
betWeen the plural optical elements are divided into at least 
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tWo groups, each group containing a predetermined number 
of chambers, and each group can be arranged so as to be 
purged With an inert gas. Therefore, a number of valves for 
controlling the passage of a gas can be minimized, so that 
this construction can contribute to a reduction in costs for 
manufacturing the optical device as a Whole. 

[0077] Also, the contaminating materials attached to the 
optical elements can be caused to be a?oat by the irradiation 
With the illuminating light after the optical device has been 
?lled With the inert gas, and then the inert gas, together With 
the ?oating contaminating materials, can be discharged from 
the optical device. Therefore, the contaminating materials 
attached to the surface of each optical element can be 
removed in such a state that the optical device is assembled 
as a single body. 

[0078] In accordance With the present invention, a pre 
cleaned optical device can be assembled With the projection 
eXposure apparatus as an illumination optical system or a 
projection optical system, so that a decrease in transmittance 
for the lenses or in re?ectance for a re?ecting mirror can be 
controlled even immediately after assembly. 

[0079] Further, the present invention can prevent the opti 
cal system such as the projection optical system, the light 
sending system, and so on from being contaminated, so that 
a ?uctuation in the optical characteristics of the optical 
system such as the projection optical system, the light 
sending system, and so on can be controlled, and projection 
eXposure at a high degree of precision can be implemented. 

What is claimed is: 
1. An optical device comprising: 

a protective ?lter interposed at each of both ends of a 
barrel With plural optical elements disposed therein; 

Wherein the plural optical elements are located betWeen 
the protective ?lters; and; 

Wherein an inert gas is ?lled in advance in a chamber 
betWeen the plural optical elements and a space 
betWeen the optical elements on both end sides thereof 
and the protective ?lter. 

2. The optical device as claimed in claim 1, Wherein: 

the optical device is installed in an apparatus to irradiate 
a mask With an illuminating light and to eXpose a 
substrate to the illuminating light through the mask; 
and 

the inert gas is an inert gas having a loW degree of 
capability of absorbing the illuminating light. 

3. The optical device as claimed in claim 2, Wherein the 
illuminating light has a Wavelength of 350 nm or less. 

4. The optical device as claimed in claim 2, Wherein: 

upon mounting the optical device on a light passage 
housing of an illumination optical system disposed in 
the eXposure apparatus, the protective ?lter is detached 
While purging the space With the gas; and 

the light passage housing is then ?lled With the gas. 
5. The optical device as claimed in claim 2, Wherein: 

upon mounting the optical device on a light passage 
housing of an illumination optical system of the eXpo 
sure apparatus, the protective ?lter is detached While 
purging the space With the gas; 
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another protective ?lter pre-cleaned is mounted at both 
ends in the aXial direction of the barrel; and 

the light passage housing is then ?lled With the gas. 
6. The optical device as claimed in claim 2, Wherein: 

the eXposure apparatus is further provided With a stage 
system to transfer the mask relatively to the illuminat 
ing light and to transfer the substrate relatively to a 
projection optical system of the eXposure apparatus. 

7. The optical device as claimed in claim 2, further 
comprising: 

an illuminating light source for the illuminating light 
disposed separately from the projection eXposure appa 
ratus; and 

a light sending system having at least one optical element 
to lead the illuminating light leaving from the illumi 
nating light source to an illumination optical system 
disposed in the projection eXposure apparatus and to 
adjust a position relationship betWeen an optical aXis of 
the illumination optical system and the illuminating 
light; 

Wherein the light sending system is disposed in a barrel 
Which is ?lled With a gas having a loWer capability of 
absorbing the illuminating light. 

8. An optical device, comprising: 

a supply passage Which supplies an inert gas into a barrel 
With plural optical elements disposed therein; 

a supply inlet connected to the supply passage; 

an eXhaust outlet Which discharges the inert gas in the 
barrel; and 

a removing member Which removes a contaminating 
material, and Which is disposed on an inner Wall of the 
supply passage. 

9. The optical device as claimed in claim 8, Wherein: 

the optical device is installed in an apparatus for irradi 
ating a mask With an illuminating light and eXposing a 
substrate to the illuminating light through the mask; 
and 

the inert gas is a gas having a loWer capability of 
absorbing the illuminating light. 

10. The optical device as claimed in claim 9, Wherein: 

the illuminating light has a Wavelength of 350 nm or less. 
11. The optical device as claimed in claim 9 or 10, 

Wherein: 

the exposure apparatus further comprises an illumination 
optical system for irradiating the mask With the illu 
minating light and a projection optical system for 
projecting the illuminating light leaving from the mask 
onto the substrate; and 

the optical device is installed at least at a portion of the 
illumination optical system and the projection optical 
system. 

12. The optical device as claimed in claim 11, Wherein: 

the eXposure apparatus is further provided With a stage 
system to transfer the mask relatively to the illuminat 
ing light and to transfer the substrate relatively to a 
projection optical system of the eXposure apparatus, in 
synchroniZation With the transfer of the mask. 
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13. The optical device as claimed in claim 11, Wherein: 

the exposure apparatus further comprises a light sending 
system interposed betWeen a light source Which emits 
the illuminating light and the illumination optical sys 
tem; and 

the light sending system is disposed in a housing Which is 
?lled With a gas having a loWer capability of absorbing 
the illuminating light. 

14. The optical device as claimed in claim 13, Wherein: 

the light source is disposed separately from the eXposure 
apparatus; and 

the light sending system has an optical element in order to 
adjust a position relationship betWeen an optical aXis of 
the illumination optical system and the illuminating 
light leaving from the light source. 

15. The optical device as claimed in any one of claims 8 
to 10, further comprising: 

a movable member disposed in the supply passage; 

Wherein the removing member comprises an adsorbing 
member or a ?lter. 

16. An optical device installed in an eXposure apparatus to 
transfer a pattern on a mask onto a substrate, Wherein: 

the optical device is provided With a removing member to 
remove a contaminating material on an inner surface of 
a barrel With plural optical elements disposed therein; 
and 

the optical device is disposed betWeen a light source of an 
illuminating beam and the substrate. 

17. The optical device as claimed in claim 16, Wherein: 

the eXposure apparatus comprises a projection optical 
system to project an image of the pattern onto the 
substrate. 

18. An optical device for use With an eXposure apparatus 
to irradiate a mask With an illuminating light and to transfer 
a pattern on the mask onto a substrate, Wherein: 

the optical device has plural chambers formed betWeen 
plural optical elements disposed in a barrel, each cham 
ber being provided With a gas supply inlet and a gas 
discharge outlet for a gas having a loWer capability of 
absorbing the illuminating light; and the gas supply 
inlet and the gas discharge outlet being each provided 
With an opening-closing valve. 

19. The optical device as claimed in claim 18, Wherein: 

the eXposure apparatus has a projection optical system 
interposed betWeen the mask and the substrate in order 
to form an image of the pattern on the substrate. 

20. The optical device as claimed in claim 18, Wherein: 

the plural chambers formed betWeen plural optical ele 
ments disposed in the barrel are divided into at least 
tWo groups, each group having a predetermined num 
ber of chambers; each group being provided With a gas 
supply inlet and a gas discharge outlet; and the gas 
supply inlet and the gas discharge outlet being each 
provided With an opening-closing valve. 

21. A method for cleaning an optical device for use With 
an eXposure apparatus for irradiating a mask With an illu 
minating light and transferring a pattern on the mask onto a 
substrate, Wherein the optical device has plural chambers 
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formed betWeen plural optical elements disposed in a barrel, 
each chamber being provided With a gas supply inlet and a 
gas discharge outlet for a gas having a loWer capability of 
absorbing the illuminating light; and the gas supply inlet and 
the gas discharge outlet being each provided With an open 
ing-closing valve; said method is characteriZed by the steps 
of: 

?lling the barrel With the gas to a predetermined level of 
pressure in a state in Which the opening-closing valve 
for the gas supply inlet is opened While the opening 
closing valve for the gas discharge outlet is closed; 

alloWing a contaminating material attached to a surface of 
each of the optical elements to become suspended or 
a?oat by irradiation With the illuminating light in a state 
in Which the opening-closing valves of the gas supply 
inlet and the gas discharge outlet are closed; 

?oWing the gas outside and inside the barrel by opening 
the opening-closing valve of the gas supply inlet and 
the opening-closing valve of the gas discharge outlet; 
and 

closing the opening-closing valves of the gas supply inlet 
and the gas discharge outlet. 

22. The cleaning method as claimed in claim 21, Wherein: 

the gas ?oWs in each of the plural chambers, prior to 
closing the opening-closing valve of the gas discharge 
outlet, in a state in Which the opening-closing valve of 
the gas supply inlet and the opening-closing valve of 
the gas discharge outlet are both opened. 

23. The cleaning method as claimed in claim 21, Wherein: 

the optical device is con?gured such that the plural 
chambers are divided into at least tWo groups, each 
group having a predetermined number of chambers; 
each group being provided With a gas supply inlet and 
a gas discharge outlet; and the gas supply inlet and the 
gas discharge outlet being each provided With the 
opening-closing valve. 

24. A projection eXposure apparatus that forms a pattern 
on a mask onto a substrate, comprising: 

an optical device having plural chambers formed betWeen 
plural optical elements disposed in a barrel, each cham 
ber being provided With a gas supply inlet and a gas 
discharge outlet for a gas having a loWer capability for 
absorbing a illuminating light, and the gas supply inlet 
and the gas discharge outlet being each provided With 
an opening-closing valve; Wherein: 

the optical device is cleaned by a cleaning method char 
acteriZed by the steps of: 

?lling the barrel With the gas to a predetermined level of 
pressure in a state in Which the opening-closing valve 
for the gas supply inlet is opened While the opening 
closing valve for the gas discharge outlet is closed; 

alloWing a contaminating material attached to a surface of 
each of the optical elements to become suspended or 
a?oat by irradiation With the illuminating light in a state 
in Which the opening-closing valves of the gas supply 
inlet and the gas discharge outlet are closed; 

?oWing the gas outside and inside the barrel by opening 
the opening-closing valve of the gas supply inlet and 
the opening-closing valve of the gas discharge outlet; 
and 
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closing the opening-closing valves of the gas supply inlet 
and the gas discharge outlet. 

25. The projection exposure apparatus as claimed in claim 
24, Wherein: 

the optical device is used as the projection optical system 
disposed on a path of the illuminating light in order to 
transfer the pattern on a mask onto the substrate. and/or 
an illumination optical system disposed on a path of the 
illuminating light in order to irradiate the mask With the 
illuminating light. 

26. The projection exposure apparatus as claimed in claim 
24, further comprising: 

a stage system connected to the mask and the substrate to 
transfer the mask relatively to the illuminating light and 
to transfer the substrate relatively to the illuminating 
light leaving from the projection optical system, in 
synchroniZation With the transfer of the mask. 

27. The projection exposure apparatus as claimed in claim 
24, further comprising: 

a light source system disposed betWeen the light source 
and an illumination optical system Which irradiates the 
mask With the illuminating light, the light source sys 
tem being disposed in a housing having a loWer capa 
bility of absorbing the illuminating light. 

28. The projection exposure apparatus as claimed in claim 
27, Wherein: 

the light source is disposed separately from the projection 
optical system; and 

the light source system has an optical element in order to 
adjust a position relationship betWeen an optical axis of 
the illumination optical system and the illuminating 
light leaving from the light source. 

29. The projection exposure apparatus as claimed in claim 
24, Wherein: 

the optical device is con?gured such that the plural 
chambers are divided into at least tWo groups, each 
group having a predetermined number of chambers and 
being provided With a gas supply inlet and a gas 
discharge outlet for the gas, and the gas supply inlet and 
the gas discharge outlet being each provided With an 
opening-closing valve. 

30. An exposure apparatus Which transfers a pattern of a 
mask onto a substrate, comprising: 

an optical system interposed betWeen a light source and 
the substrate; and 

an optical unit having a protective ?lter disposed at least 
at an end of a barrel holding an optical element and 
having the barrel ?lled With a gas having a loWer 
capability of absorbing the illuminating beam, the 
optical unit being disposed in the optical system. 

31. The exposure apparatus as claimed in claim 30, 
Wherein: 

the optical system includes an illumination optical system 
disposed on a path of illuminating beam in order to 
irradiate the mask With the illuminating light; and 

the optical unit is disposed in the illumination optical 
system. 

32. The exposure apparatus as claimed in claim 30, 
Wherein the protective ?lter is detached from the barrel or 
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replaced With another protective ?lter upon mounting the 
optical unit on the optical system. 

33. The exposure apparatus as claimed in claim 30, further 
comprising: 

a gas supply device connected to the optical system to 
supply a gas having a loWer capability of absorbing the 
illuminating light to the optical system; 

Wherein the gas supply device is operated after the 
illuminating beam has been irradiated in a state in 
Which the optical system is ?lled With the gas. 

34. The exposure apparatus as claimed in claim 33, further 
comprising: 

an exhaust device connected to the optical system to 
exhaust a gas in the optical system; 

Wherein the exhaust device is operated before the optical 
system is ?lled or supplied With the gas. 

35. An exposure apparatus Which transfers a pattern of a 
mask onto a substrate, comprising: 

an optical system interposed betWeen a light source of an 
illuminating beam and the substrate: 

a gas supply device Which supplies a gas having a loWer 
capability of absorbing the illuminating beam to at least 
a portion of the optical system; and 

an exhaust device Which exhausts the gas from the at least 
the portion of the optical system prior to a supply of the 
gas. 

36. The exposure apparatus as claimed in claim 35, 
Wherein: 

the optical system comprises an illumination optical sys 
tem Which irradiates the mask With the illuminating 
beam, a light sending system interposed betWeen the 
light source and the illumination optical system, and a 
projection optical system Which projects the illuminat 
ing beam leaving from the mask onto the substrate. 

37. The exposure apparatus as claimed in claim 35, 
Wherein: 

the exhaust device and the gas supply device are operated 
one after another after subjecting the optical system to 
light cleaning by irradiation With the illuminating 
beam. 

38. The exposure apparatus as claimed in claim 30 or 35, 
Wherein the illuminating beam has a Wavelength ranging 
from 100 to 200 nm. 

39. The exposure apparatus as claimed in claim 38, 
Wherein: 

the illuminating beam is ArF excimer laser or F2 laser; and 

the gas is nitrogen or helium. 
40. A method for manufacturing an apparatus Which 

exposes a substrate to an illuminating beam through a mask, 
comprising: 

?lling a barrel With an optical element disposed therein 
With a gas having a loWer capability of absorbing the 
illuminating beam, the barrel being provided With a 
protective ?lter at least at an end thereof; and 

interposing the barrel betWeen a light source of the 
illuminating beam and the substrate. 

41. The method for manufacturing the exposure apparatus 
as claimed in claim 40, Wherein: 
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the protective ?lter is detached or replaced With another 
protective ?lter after the barrel has been disposed. 

42. A method for manufacturing an apparatus Which 
eXposes a substrate to an illuminating beam through a mask, 
said method is characteriZed by the steps of: 

irradiating at least a portion of an optical system Which 
leads the illuminating beam to the substrate With a 
cleaning light; and 

replacing the gas in the optical system With a gas having 
a loWer capability of absorbing the illuminating beam. 

43. The method for manufacturing the eXposure apparatus 
as claimed in claim 42, Wherein: 

the gas in the optical system is exhausted therefrom 
before a gas having a loWer capability of absorbing the 
illuminating beam is supplied to the optical system. 

44. The method for manufacturing the eXposure apparatus 
as claimed in claim 42, Wherein: 

the gas having a loWer capability of absorbing the illu 
minating beam is supplied to the optical system before 
irradiation With the cleaning light. 

45. The method for manufacturing the eXposure apparatus 
as claimed in claim 42, Wherein: 

the cleaning light comprises the illuminating beam; and 

the optical system comprises an illumination optical sys 
tem disposed on a path of the illuminating beam in 
order to irradiate the mask With the illuminating beam, 
and a projection optical system disposed on a path of 
the illuminating beam in order to project the illuminat 
ing beam leaving from the mask onto the substrate. 

46. An optical device, comprising: 

a barrel With plural optical elements disposed therein; 

a protective ?lter disposed apart in a predetermined 
distance With respect to an optical element out of the 
plural optical elements, Which is disposed at least at one 
end side in the aXial direction of the barrel; and 

the protective ?lter is detachably mounted on the barrel. 
47. The optical device as claimed in claim 46, Wherein: 

the protective ?lter is detachably mounted each on the 
both end portions in the aXial direction of the barrel. 

48. The optical device as claimed in claim 47, Wherein: 

an inert gas is ?lled in a chamber interposed betWeen the 
plural optical elements and in a space interposed 
betWeen the optical elements disposed on the both end 
sides and the plural protective ?lter. 

49. The optical device as claimed in claim 48, Wherein: 

the optical device is installed in an apparatus that forms a 
pattern on a mask onto a substrate; and 

the inert gas is a gas having a loWer capability of 
absorbing the illuminating light. 

50. A method of storing an optical device With plural 
optical elements disposed; Wherein: 

the optical device has a barrel With plural optical elements 
disposed therein; 

the method of storing is characteriZed by the steps of: 
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irradiating a surface of each of the optical elements With 
a light for removing a contaminating material attached 
on the surface of each of the optical elements; 

?lling the barrel With an inert gas to a predetermined level 
of pressure after the contaminating material removed 
from the surface of each of the optical elements has 
been discharged from the barrel; and 

storing the optical device in a state in Which the barrel is 
?lled With the inert gas. 

51. The method of storing as claimed in claim 50, 
Wherein: 

the optical device is provided With a gas supply inlet 
connected to the barrel to supply the inert gas into the 
barrel and a gas discharge outlet connected to the barrel 
to discharge the gas in the barrel, the gas supply inlet 
and the gas discharge outlet being each provided With 
an opening-closing valve; 

the storing method is characteriZed by the steps of: 

?lling the barrel With the inert gas to a predetermined 
level of pressure by opening the opening-closing valve 
for the gas supply inlet and closing the opening-closing 
valve of the gas discharge outlet, prior to irradiating the 
surface of the optical element With the light; 

?oating the contaminating material by irradiating the 
surface of the optical element With the light after 
closing the opening-closing valve of the gas supply 
inlet in a state in Which the pressure in the barrel has 
reached its predetermined level of pressure; 

?oWing the inert gas inside and outside the barrel by 
opening the opening-closing valves of the gas supply 
inlet and the gas discharge outlet; and 

closing the opening-closing valves of the gas supply inlet 
and the gas discharge outlet after the inert gas has been 
alloWed to How inside and outside the barrel. 

52. The method of storing as claimed in claim 50, 
Wherein: 

the optical device is provided With a gas supply inlet 
connected to the barrel to supply the inert gas into the 
barrel and a gas discharge outlet connected to the barrel 
to discharge the gas in the barrel, the gas supply inlet 
and the gas discharge outlet being each provided With 
an opening-closing valve; 

the storing method is characteriZed by the steps of: 

discharging the contaminating material, together With the 
inert gas, from the barrel through the gas discharge 
outlet; 

?lling the barrel With the inert gas to a predetermined 
level of pressure by opening the opening-closing valve 
for the gas supply inlet and closing the opening-closing 
valve of the gas discharge outlet, after discharging the 
contaminating material; and 

closing the opening-closing valve of the gas supply inlet 
after the inert gas has been ?lled. 

53. The method of storing as claimed in claim 52, Wherein 
the surface of the optical element is irradiated With the light 
in a state in Which the opening-closing valves of the gas 
supply inlet and the gas discharge outlet are opened. 






