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(57) ABSTRACT 

In a barrel of an optical unit a ring shaped support member 
is integrally arranged, and three projected portions are 
arranged on the upper surface of the support member. The 
projected portions support a loWer surface of a parallel ?at 
plate supported in direct contact. In this supported state, the 
parallel ?at plate opposes a surface of the support member 
With a clearance of several pm in betWeen. With this 
arrangement, the space in one side of the parallel ?at plate 
is substantially isolated from the space in the other side. 
Accordingly, for example, even if gas environment in the 
space on one side of the parallel ?at plate is different from 
the other side, gases can be effectively kept from mixing. In 
addition, since the parallel ?at plate is supported at three 
coplanar points, deformation of the parallel ?at plate can be 
suppressed due to the force supporting the parallel ?at plate, 
thereby suppressing the index of refraction from varying. 

1 O 

// 



Patent Application Publication Oct. 30, 2003 Sheet 1 0f 7 US 2003/0202165 A1 

Fig. 1 
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Fig. 2 
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Fig, 3 
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Fig. 4 
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Fig. 5A 
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Fig. 7 
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OPTICAL UNIT, EXPOSURE APPARATUS, AND 
DEVICE MANUFACTURING METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This is a continuation of International Application 
PCT/JP01/09838, With an international ?ling date of Nov. 9, 
2001, the entire content of Which being hereby incorporated 
herein by reference, Which Was not published in English. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to optical units, expo 
sure apparatus, and device manufacturing methods, and 
more particularly to an optical unit that has an optical path 
inside its barrel, an exposure apparatus that comprises the 
optical unit, and a device manufacturing method that uses 
the exposure apparatus for manufacturing electronic 
devices. 

[0004] 2. Description of the Related Art 

[0005] Conventionally, various exposure apparatus have 
been used in a lithographic process for producing devices 
such as a semiconductor device and a liquid crystal display 
device. Among these apparatus, the ones mainly used in 
recent years are a reduction projection exposure apparatus (a 
so-called stepper) based on a step-and-repeat method, Which 
reduces and transfers a pattern formed on a mask (also 
referred to as a reticle) proportionally enlarged around four 
to ?ve times onto a substrate subject to exposure such as a 
Wafer via a projection optical system, and a scanning pro 
jection exposure apparatus (a so-called scanning stepper) 
based on a step-and-scan method, Which is an improvement 
of the stepper, or the like. 

[0006] With these projection exposure apparatus, expo 
sure Wavelengths have shifted to a shorter range in order to 
achieve high resolution corresponding With ?ner integrated 
circuits. At present, a KrF excimer laser having a Wave 
length of 248 nm is mainly used, hoWever, an ArF excimer 
laser having a shorter Wavelength of 193 nm is gradually 
beginning to be used in practice. Furthermore, proposals are 
recently being made on projection exposure apparatus using 
an F2 laser that has a shorter Wavelength of 157 nm, and an 
Ar2 laser that has a Wavelength of 157 nm. 

[0007] Such beams in the Wavelength range called vacuum 
ultraviolet are strongly absorbed by almost all substances. 
For example, oxygen, Water vapor, and almost all organic 
substances strongly absorb light in this region. Accordingly, 
in an exposure apparatus that uses vacuum ultraviolet light 
as its light source, the gas along the space of the optical path 
Where the exposure light passes through needs to be replaced 
With a speci?c gas having properties of absorbing only a 
small amount of the vacuum ultraviolet light (hereinafter 
referred to as “loW absorptive gas”), such as, for example 
With a rare gas like nitrogen or helium, so that the concen 
tration of the absorptive gas such as the above oxygen along 
the space of the optical path is suppressed beloW several 

[0008] Even When ultraviolet light Which Wavelength is 
slightly longer than that of the vacuum ultraviolet light is 
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used (Wavelength around 193 nm), oxygen is preferably 
removed from the optical path since the ultraviolet light Will 
be absorbed by the oxygen. 

[0009] The inside of the projection optical system should 
be ?lled With a rare gas such as nitrogen or helium, as is 
described above. HoWever, helium gas is extremely effective 
for suppressing an increase in temperature Which occurs 
When lenses or the like that are constituent elements of an 
optical system such as the projection optical system absorb 
the exposure light, that is, from the vieWpoint of cooling 
effect. 

[0010] The constituent elements of the projection optical 
system, such as the lenses, are housed in a barrel. 

[0011] The refractive index of helium gas (around 
1.000038), hoWever, greatly differs from the normal refrac 
tive index of oxygen or nitrogen (around 1.000319). There 
fore, When gases such as nitrogen or oxygen enter the barrel 
?lled With helium gas from the periphery, the refractive 
index of the gas inside the barrel greatly changes, Which 
greatly deteriorates image forming characteristics of the 
projection optical system. 

[0012] In general, it is fairly easy to secure air-tightness in 
a barrel since it is con?gured of solid metal members. On 
both ends of the optical path on the reticle side and the Wafer 
side, hoWever, lenses that require an extremely high surface 
accuracy are arranged. So, it is not appropriate to strongly 
fasten and hold the lenses to increase the air-tightness, 
because When this happens the lenses deform greatly due to 
stress, Which leads to a decrease in the surface accuracy. 

[0013] On the other hand, an image forming optical path, 
Which is space from the reticle through the projection optical 
system (projection lens) to the Wafer, may be entirely ?lled 
With helium gas. When the reticle or the Wafer is exchanged, 
hoWever, a huge amount of helium gas is consumed (leaks 
outside), creating problems from the vieWpoint of running 
cost of the exposure apparatus. In addition, the gas ?lled 
Within the barrel containing absorptive gas needs to be 
controlled so that the concentration of the absorptive gas is 
loWer than that of gas in the periphery of the barrel. This is 
because When the gas in the periphery of the barrel enters the 
barrel, the absorptive gas absorbs the exposure light. 

SUMMARY OF THE INVENTION 

[0014] The present invention has been made in consider 
ation of the situation described above, and has as its ?rst 
object to provide an optical unit capable of almost securely 
separating the space inside and outside the barrel or the tWo 
spaces formed inside the barrel, While maintaining its optical 
properties. 
[0015] In addition, the second object of the present inven 
tion is to provide an exposure apparatus capable of perform 
ing exposure With high precision for over a long period of 
time. 

[0016] And, the third object of the present invention is to 
provide a device manufacturing method capable of improv 
ing the productivity When high integration microdevices are 
produced. 
[0017] According to the ?rst aspect of the present inven 
tion, there is provided an optical unit that has an optical path 
for light inside a barrel, the optical unit comprising: a plate 
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shaped transmissive optical element Which transmits the 
light; and a ?rst support member attached to the barrel, the 
?rst support member having a ?rst opposing surface oppos 
ing an outer periphery portion of the optical path on a 
surface of the transmissive optical element, and at least three 
of a ?rst projected portion arranged on the opposing surface 
Which makes a predetermined ?rst clearance in betWeen the 
surface of the transmissive optical element and the ?rst 
opposing surface, by directly supporting the transmissive 
optical element in at least three points. 

[0018] In the optical unit, the ?rst support member is 
attached to the barrel, and on a part of the ?rst support 
member a ?rst opposing surface that opposes an outer 
periphery portion of the optical path on a surface of the plate 
shaped transmissive optical element is provided. And, on the 
?rst opposing surface, a ?rst projected portion is arranged at 
least at three points, Which supports the transmissive optical 
element in direct contact at least at the three points and 
makes a predetermined ?rst clearance in betWeen the surface 
of the transmissive optical element and the ?rst opposing 
surface. Therefore, by setting the ?rst clearance small, the 
space in one side of the transmissive optical element and the 
space on the opposite side (the other side) can almost be 
separated. Accordingly, for eXample, even if the gas envi 
ronment differs on the surface of the transmissive optical 
element on one side from the other side, the gases can be 
effectively prevented from miXing. That is, the transmissive 
optical element isolates the different gas environments. In 
addition, the transmissive optical element is supported 
directly in at least three points With the three ?rst projected 
portions. This suppresses the transmissive optical element 
from deforming by the supporting force supporting the 
transmissive optical element, as Well as the refraction of 
indeX from varying. One side of the ?rst support member is 
attached to a part of the barrel, that is, to the edge of the 
barrel or the inside of the barrel, and the transmissive optical 
element is arranged on the other side of the ?rst support 
member. In the former case, the transmissive optical element 
is attached to the edge of the barrel, Whereas in the latter 
case, the transmissive optical element is arranged inside the 
barrel. Accordingly, the inside and outside of the barrel, or 
the tWo spaces inside the barrel can be isolated almost 
Without fail, While maintaining the optical properties. 

[0019] In this case, four or more ?rst projected portions 
may be arranged, preferably three. In such a case, the 
transmissive optical element can be supported stably With 
the three ?rst projected portions that have coplanar tip 
portions. 
[0020] With the optical unit in the present invention, the 
shape of barrel or the transmissive optical element is not 
speci?cally limited, hoWever the barrel can be at least partly 
cylindrical including a part Where the ?rst support member 
is attached, and the transmissive optical element can have a 
circular outer periphery. 

[0021] In this case, the ?rst support member can have a 
circular opening made that forms the optical path, and the 
transmissive optical element can be arranged in a state 
Where a ring-shaped protruding portion protrudes outside the 
circular opening. In such a case, by decreasing the siZe of the 
space (gap) made in betWeen the protruding portion and the 
?rst opposing surface, gas in the space on one side of the 
transmissive optical element and the space on the other side 
can be substantially kept from miXing. 
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[0022] With the optical unit in the present invention, When 
the outer periphery of the transmissive optical element has 
a circular shape, the transmissive optical element can be an 
optical element that functions as a lens. 

[0023] With the optical unit in the present invention, a 
contact surface of the transmissive optical element With the 
?rst projected portion can be one of a planar and a curvature 
surface. 

[0024] With the optical unit in the present invention, the 
?rst clearance can be around several times (for eXample, 
tWice as much) the processing surface accuracy of the ?rst 
opposing surface of the ?rst support member. The ?rst 
clearance can be adjusted easily, by adjusting the height of 
the ?rst projected portions. 

[0025] For eXample, the ?rst clearance can be around 1 to 
3 pm. 

[0026] With the optical unit in the present invention, the 
optical unit can further include an eXhaust unit that performs 
forced exhaustion of gas via a space formed betWeen a 
surface on one side of the transmissive optical element and 
the ?rst opposing surface of the ?rst support member. 

[0027] In this case, the eXhaust unit can have a ring shaped 
eXhaust groove, Which is formed on the ?rst opposing 
surface of the ?rst support member, and structures a part of 
an exhaust route. 

[0028] With the optical unit in the present invention, the 
optical unit can further comprise: a second support member 
Which clamps the transmissive optical element With the ?rst 
support member, the second support member having: a 
second opposing surface Which opposes an outer periphery 
portion of the optical path on a surface on the other side of 
the transmissive optical element; and at least three of a 
second projected portion arranged on the second opposing 
surface Which makes a predetermined second clearance in 
betWeen the surface on the other side of the transmissive 
optical element and the second opposing surface, by each 
making contact With the transmissive optical element at 
positions opposing the ?rst projected portions. In such a 
case, the transmissive optical element can be supported 
Without any difficulty, and can also be kept from shifting. 

[0029] In this case, the ?rst projected portions and the 
second projected portions can be arranged at a position 
opposing each other With the transmissive optical element in 
betWeen at three points. 

[0030] With the optical unit in the present invention, a 
contact surface of the transmissive optical element With the 
second projected portion can be one of a planar and a 
curvature surface. 

[0031] With the optical unit in the present invention, When 
the optical unit has a second support member that clamps the 
transmissive optical element With the ?rst support member, 
the second clearance can be around several times (for 
eXample, tWice as much) the processing surface accuracy of 
the second opposing surface of the second support member. 
The second clearance can be adjusted easily, by adjusting the 
height of the second projected portions. 

[0032] For eXample, the second clearance can be around 1 
to 3 m. 
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[0033] With the optical unit in the present invention, When 
the optical unit has a second support member that clamps the 
transmissive optical element With the ?rst support member, 
the barrel can be at least partly cylindrical including a part 
Where the ?rst support member is attached, the transmissive 
optical element can have a circular outer periphery, circular 
openings making the optical paths can be formed on the ?rst 
support member and the second support member, respec 
tively, and the transmissive optical element can be arranged 
in a state so as to form a ring shaped protruded portion 
protruding outside each of the circular openings. 

[0034] In this case, the transmissive optical element can be 
an optical element that functions as a lens. 

[0035] With the optical unit in the present invention, When 
the optical unit has a second support member that clamps the 
transmissive optical element With the ?rst support member, 
the optical unit can further include an exhaust unit that 
performs forced exhaustion of gas via a space formed 
betWeen the other side of the transmissive optical element 
and the second opposing surface of the second support 
member. 

[0036] In this case, the exhaust unit can have a ring shaped 
exhaust groove, Which is formed on the second opposing 
surface of the second support member and structures a part 
of an exhaust route. 

[0037] According to the second aspect of the present 
invention, there is provided an exposure apparatus that 
exposes a substrate With an energy beam to form a prede 
termined pattern on the substrate, the exposure apparatus 
comprising: an optical unit Which projects the energy beam 
via the pattern onto the substrate, the optical unit including 
a barrel Which inside is an optical path of the energy beam, 
and a ?rst isolating mechanism having a plate shaped ?rst 
transmissive optical element transmitting the energy beam 
arranged on the optical path of the energy beam and a ?rst 
support member attached to the barrel supporting the ?rst 
transmissive optical element in at least three ?rst supporting 
portions so that at least a part of the ?rst support member 
opposes an outer periphery portion of the optical path on one 
surface of the ?rst transmissive optical element With a 
predetermined ?rst clearance in betWeen, Whereby the ?rst 
mechanism isolates space in the one surface side of the ?rst 
transmissive optical element from space in the other surface 
side of the ?rst transmissive optical element. 

[0038] With this arrangement, due to the reasons previ 
ously stated, the inside and outside of the barrel, or the tWo 
spaces inside the barrel can be isolated almost Without fail, 
While maintaining the optical properties. Accordingly, for 
example, even if a loW absorptive gas having the properties 
of absorbing a small amount of the energy beam is supplied 
to one of the spaces the loW absorptive gas can be kept from 
?oWing into the other space or gas inside the other space can 
be kept from ?oWing into the space, almost Without fail. This 
alloWs the index of refraction to be maintained in each of the 
spaces, Which in turn alloWs a pattern to be transferred onto 
a substrate via the optical unit With the image forming 
characteristics of the optical unit favorably maintained, 
making exposure With high precision possible for a long 
period of time. 
[0039] In this case, each of the ?rst supporting portions 
can be a projected portion provided on a surface of the ?rst 
support member opposing the surface side of the ?rst 
transmissive optical element. 
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[0040] With the exposure apparatus in the present inven 
tion, the ?rst isolating mechanism can further have: a second 
support member Which clamps the ?rst transmissive optical 
element With the ?rst support member by making contact 
directly With the other surface side of the ?rst transmissive 
optical element via a second supporting portion located at a 
position opposing each of the ?rst supporting portions, and 
at least a part of the second support member can oppose an 
outer periphery portion of the optical path on the other 
surface side of the ?rst transmissive optical element With a 
predetermined second clearance in betWeen. 

[0041] In this case, each of the second supporting portions 
can be a projected portion provided on a surface of the 
second support member opposing the other surface side of 
the ?rst transmissive optical element. 

[0042] The ?rst transmissive optical element is arranged 
on the side of the object plane or the side of the image plane 
of the projection optical system, Which projects the prede 
termined pattern on the substrate. When the ?rst transmis 
sive optical element is arranged on the side of the object 
plane of the projection optical system, a second transmissive 
optical element is preferably arranged on the side of the 
image plane of the projection optical system. 

[0043] With the exposure apparatus in this case, the opti 
cal unit can further include a second isolating mechanism 
having a plate shaped second transmissive optical element 
transmitting the energy beam, arranged on an image plane 
side of the projection optical system, and a second support 
member attached to the barrel, supporting the second trans 
missive optical element in at least three second supporting 
portions so that at least a part of the second support member 
opposes an outer periphery portion of the optical path on one 
surface side of the second transmissive optical element With 
a predetermined second clearance in betWeen, Whereby the 
second mechanism isolates space in the one surface side of 
the second transmissive optical element from space in the 
other surface side of the second transmissive optical ele 
ment. 

[0044] In this case, each of the second supporting portions 
can be a projected portion provided on a surface of the 
second support member opposing the surface side of the 
second transmissive optical element. 

[0045] With the exposure apparatus in the present inven 
tion, the second isolating mechanism can further have: a 
third support member Which clamps the second transmissive 
optical element With the second support member by making 
contact directly With the other surface side of the second 
transmissive optical element via third supporting portions 
located at positions opposing each of the second supporting 
portions, and at least a part of the third support members can 
oppose an outer periphery portion of the optical path on the 
other surface side of the second transmissive optical element 
With a predetermined third clearance in betWeen. 

[0046] In this case, each of the third supporting portions 
can be a projected portion provided on a surface of the third 
support member opposing the other side of the surface side 
of the second transmissive optical element. 

[0047] With the exposure apparatus in the present inven 
tion, When the optical unit has the ?rst isolating mechanism 
and the second isolating mechanism, the exposure apparatus 
can further comprise: a mask chamber connected in a sealed 
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state to the barrel, the mask chamber housing Within a mask 
on Which the pattern is formed; and a substrate chamber 
connected in a sealed state to the barrel, the substrate 
chamber housing Within a substrate stage on Which the 
substrate is held, Wherein loW absorptive gas having loW 
absorptive properties to the energy beam can be supplied 
into each of the barrel, the mask chamber, and the substrate 
chamber, and the ?rst isolation mechanism can isolate the 
absorptive gas in betWeen the inside of the barrel and the 
inside of the mask chamber, While the second isolation 
mechanism can isolate the absorptive gas in betWeen the 
inside of the barrel and the inside of the substrate chamber. 
The sealed state, here, refers to a state Where gaps may exist 
in the structure, so long as gas leaking from the mask 
chamber or gas leaking from the substrate chamber does not 
enter the barrel of the optical unit. As a matter of course, loW 
absorptive gas may be supplied, only to the inside of the 
barrel. 

[0048] With the exposure apparatus in the present inven 
tion, the exposure apparatus can further comprise: a mask 
chamber connected in a sealed state to the barrel, the mask 
chamber housing Within a mask on Which the pattern is 
formed, Wherein loW absorptive gas having loW absorptive 
properties to the energy beam can be supplied into each of 
the barrel and the mask chamber, and the ?rst isolation 
mechanism can isolate the absorptive gas in betWeen the 
inside of the barrel and the inside of the mask chamber. The 
sealed state, here, refers to a state Where gaps may exist in 
the structure, so long as gas leaking from the mask chamber 
does not enter the barrel of the optical unit. As a matter of 
course, loW absorptive gas may be supplied, only to the 
inside of the barrel. 

[0049] In this case, a ?ange portion that makes a holding 
member hold the barrel can be arranged on a periphery 
portion of the barrel, and a partition Wall of the mask 
chamber can be connected to the ?ange portion. 

[0050] With the exposure apparatus in the present inven 
tion, When the exposure apparatus comprises a mask cham 
ber connected in a sealed state to the barrel, a ?ange portion 
that makes a holding member hold the barrel can be arranged 
on a periphery portion of the barrel, and the loW absorptive 
gas can be supplied into the barrel via a supply route formed 
in the ?ange portion. 
[0051] With the exposure apparatus in the present inven 
tion, When the exposure apparatus comprises a mask cham 
ber connected in a sealed state to the barrel, the same type 
of gas may be supplied to the inside of the barrel and the 
mask chamber, or the loW absorptive gas supplied into the 
mask chamber and the barrel may be a different type of gas. 

[0052] With the exposure apparatus in the present inven 
tion, the exposure apparatus can further comprise: a sub 
strate chamber connected in a sealed state to the barrel, the 
substrate chamber housing Within a substrate stage on Which 
the substrate is held, Wherein loW absorptive gas having loW 
absorptive properties to the energy beam can be supplied 
into each of the barrel and the substrate chamber, and the 
?rst isolation mechanism can isolate the absorptive gas in 
betWeen the inside of the barrel and the inside of the 
substrate chamber. The sealed state, here, refers to a state 
Where gaps may exist in the structure, so long as gas leaking 
from the substrate chamber does not enter the barrel of the 
optical unit. As a matter of course, loW absorptive gas may 
be supplied, only to the inside of the barrel. 
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[0053] In this case, a ?ange portion that makes a holding 
member hold the barrel can be arranged on a periphery 
portion of the barrel, and a partition Wall of the substrate 
chamber can be connected to the ?ange portion. 

[0054] With the exposure apparatus in the present inven 
tion, When the exposure apparatus comprises a substrate 
chamber connected in a sealed state to the barrel, the same 
type of gas may be supplied to the inside of the barrel and 
the substrate chamber, or the loW absorptive gas supplied 
into the substrate chamber and the barrel may be a different 
type of gas. 

[0055] With the exposure apparatus in the present inven 
tion, the energy beam can belong to light in vacuum ultra 
violet region having a Wavelength of 190 nm and under. 

[0056] In addition, in a lithographic process, by perform 
ing exposure With the exposure apparatus in the present 
invention, exposure With high precision is possible for a long 
period of time, and the yield of high integration microde 
vices can be improved, thus leading to an improvement in its 
productivity. Accordingly, furthermore from another aspect 
of the present invention, there is provided a device manu 
facturing method using the exposure apparatus in the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0057] FIG. 1 is a vieW shoWing the entire con?guration 
of an exposure apparatus related to an embodiment in the 
present invention; 

[0058] FIG. 2 is a vieW of a barrel portion of a projection 
optical system in FIG. 1 sectioned, shoWn With gas piping 
of the projection optical system; 

[0059] FIG. 3 is a partly sectioned perspective vieW of an 
upper end portion of a projection optical system; 

[0060] FIG. 4 is a partly sectioned perspective vieW of a 
second isolating mechanism; 

[0061] FIGS. 5A to 5C are vieWs shoWing modi?ed 
examples of a partition Wall parallel plate; 

[0062] FIG. 6 is a ?oW chart for explaining an embodi 
ment of a device manufacturing method according to the 
present invention; and 

[0063] FIG. 7 is a ?oW chart for shoWing a process in step 
204 in FIG. 6. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0064] Referring to FIGS. 1 to 4, an embodiment of the 
present invention is described beloW. FIG. 1 shoWs an entire 
con?guration of an exposure apparatus 100 related to the 
embodiment. Exposure apparatus 100 is a projection expo 
sure apparatus based on a step-and-scan method, that is, a 
so-called scanning stepper. Exposure apparatus 100 illumi 
nates an illumination light for exposure (hereinafter referred 
to as “exposure light”) EL serving as an energy beam that 
belongs to a vacuum ultraviolet region onto a reticle R 
serving as a mask, and transfers a pattern formed on the 
reticle R onto a Wafer W serving as a substrate via a 
projection optical system PL serving as an optical unit. 
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[0065] Exposure apparatus 100 includes a light source 1 
and an illumination unit 2. Exposure apparatus 100 also 
comprises: an illumination system for illuminating the 
reticle R With exposure light EL; a reticle stage RST for 
holding the reticle R; projection optical system PL for 
projecting exposure light EL emitted from the reticle R onto 
the Wafer W; a Wafer stage WST for holding the Wafer W, 
and the like. 

[0066] As light source 1, a light source that emits light in 
the vacuum ultraviolet region having a Wavelength of 
around 120 nm to 190 nm, such as the ?uorine laser (F2 
laser) having an output Wavelength of 157 nm is used in the 
embodiment. Of course, other light sources emitting light in 
the vacuum ultraviolet region, such as a Krypton dimer laser 
(Kr2 laser) having an output Wavelength of 146 nm or an 
Argon dimer laser (Ar2 laser) having an output Wavelength 
of 126 nm may be used, as Well as light sources emitting 
light in the deep ultraviolet region such as the ArF excimer 
laser having an output Wavelength of 193 nm, or a KrF 
excimer laser having an output Wavelength of 248 nm. 

[0067] Light source is connected to one end of an illumi 
nation system housing 2a making up illumination unit 2 via 
a light transmission optical system (beam line) 3, Which 
includes an optical system called a beam matching unit for 
optical axis adjustment. Light source 1 is actually arranged 
in a service room Which degree of cleanliness is loWer than 
that of a clean room Where illumination unit 2 and an 
exposure apparatus main body including projection optical 
system PL or the like are arranged, or in a utility space 
available underneath the ?oor of the clean room. 

[0068] Illumination unit 2 comprises: an illumination 
housing 2a for isolating the inside from the outside; and an 
illumination optical system made up of an illuminance 
uniformity optical system including an optical integrator, a 
relay lens, a variable ND ?lter, a reticle blind, a dichroic 
mirror, and the like (all of them not shoWn) that are arranged 
inside illumination housing 2 in a predetermined positional 
relationship. This illumination optical system is con?gured 
similarly to the ones disclosed in, for example, Japanese 
Patent Application Laid-open No. 10-112433, Japanese 
Patent Application Laid-open No. 06-349701 and its corre 
sponding U.S. Patent No. 5,534,970 or the like. A ?y-eye 
lens, a rod integrator (an internal re?ection type integrator), 
a diffractive optical element, or the like can be used as the 
optical integrator. As long as the national laWs in designated 
states or elected states, to Which this international applica 
tion is applied, permit, the disclosures cited above are fully 
incorporated herein by reference. 

[0069] Illumination unit 2 illuminates a slit shaped illu 
mination area (set by the reticle blind) on the reticle R on 
Which a circuit pattern or the like is formed by exposure light 
EL With an illuminance substantially uniform. 

[0070] When using light that has a Wavelength in the 
vacuum ultraviolet region as the exposure light, gases that 
have a strong absorptivity to light in such Wavelength range 
(hereinafter referred to as “absorptive gas” as appropriate), 
such as oxygen, Water vapor, or gases containing hydrocar 
bon need to be removed from its optical path. Therefore, in 
the embodiment, the inside of the illumination system hous 
ing 2a is ?lled With a speci?c gas that has loW absorptivity 
to light in the vacuum ultraviolet region (hereinafter referred 
to as “loW absorptive gas” as appropriate), such as nitrogen, 
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helium, or a rare gas such as Argon, Neon, or Krypton, or a 
mixed gas containing such gases. As a result, concentration 
of the absorptive gas Within illumination system housing 2a 
is less than several ppm. 

[0071] LikeWise illumination system housing 2a, in the 
embodiment, loW absorptive gas is ?lled in light source 1 
and along an optical path inside light transmission optical 
system 13. 

[0072] Reticle stage RST holds the reticle R, and is 
arranged Within a reticle chamber 15 serving as a mask 
chamber. Reticle chamber 15 is covered With a partition Wall 
18, Which joins illumination system housing 2a and a ?ange 
portion FLG provided around the center of the barrel of 
projection optical system PL in the height direction Without 
any gap, so that the gas inside is isolated from the outside. 
Partition Wall 18 of reticle chamber 15 is formed of a 
material such as stainless (SUS), Which releases only a small 
amount of gas When degassed. 

[0073] Partition Wall 18 of reticle chamber 15 and projec 
tion optical system PL are joined at ?ange portion FLG of 
projection optical system PL for the folloWing reasons. That 
is, ?ange portion FLG is a mount to make a barrel supporting 
bed (mainframe) 114, Which Will be described later, hold 
projection optical system PL. It is also the strongest part in 
projection optical system PL mechanically; therefore, even 
When projection optical system PL is under stress of any 
kind When partition Wall 18 is joined, deformation in pro 
jection optical system PL can be suppressed to the mini 
mum, making ?ange portion FLG an excellent connecting 
portion. Metal belloWs or a softer ?lm-shaped member can 
also be used to further decrease vibration from traveling to 
?ange portion FLG via partition Wall 18, Which occurs With 
the movement of the reticle stage RST. 

[0074] As such ?lm-shaped members, a member can be 
used that comprises, for example, a thin ?lm consisting of a 
?rst material that has good shielding properties against gas, 
a thin ?lm consisting of a second material releasing only a 
small amount of gas When degassed, Which is arranged on 
one surface of thin ?lm of the ?rst material (an inner surface 
in a state Where thin ?lm is attached in betWeen partition 
Wall 18 and ?ange portion FLG), and a thin ?lm consisting 
of a third material that has good expansion properties and is 
arranged on the other surface of thin ?lm of the ?rst material 
(an outer surface in the above attached state). Of the three 
thin ?lms, the thin ?lms consisting of the ?rst material and 
the second material are laminated (multilayer processing), 
and the thin ?lm consisting of the third material is applied 
to the outer surfaces. For example, materials such as ethyl 
ene vinyl alcohol copolymer (EVOH resin), polyamide, 
polyimide, or polyester that have good shielding properties 
against gas and are ?exible can be used for the thin ?lm 
consisting of the ?rst material. In addition, materials such as 
aluminum (Al), other kinds of metal, or ceramics that have 
loW reactivity to the exposure light such as the vacuum 
ultraviolet light as in inorganic substances and release only 
a small amount of gas When degassed can be used for the 
thin ?lm consisting of the second material. Furthermore, 
materials such as polyethylene (—(CH2CH2)n— or 
polypropylene can be used for the thin ?lm consisting of the 
third material. 

[0075] As is shoWn in FIG. 1, reticle chamber 15 is 
supported from beloW by support members 110A and 110B 
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or the like. Furthermore, in the ceiling portion of partition 
Wall 18 of reticle chamber 15, a small rectangular opening 
is formed, Which is slightly smaller than the reticle R. In the 
opening, a light transmittance WindoW 12 is arranged so as 
to separate the space inside illumination system housing 2a 
and that of the reticle chamber 15 Where the reticle R to be 
exposed is arranged. Since light transmittance WindoW 12 is 
arranged on the optical path of exposure light EL emitted 
from illumination unit 2 to the reticle R, it is made of a 
crystal material that has high transmittance to vacuum 
ultraviolet light serving as the exposure light, such as 
?uorite. 

[0076] Reticle stage RST is structured so that it drives the 
reticle R linearly With large strokes on a reticle base sup 
porting bed 19, and it can also drive the reticle R ?nely in 
the Y-axis direction and the 02 direction (rotational direction 
around the Z-axis). 

[0077] More particularly, reticle stage RST comprises a 
reticle scanning stage 14, Which is driven in the X-axis 
direction With predetermined strokes on reticle base sup 
porting bed 19 by a reticle drive system (not shoWn) that 
includes a linear motor or the like, and a reticle holder 13 
Which holds the reticle R mounted on reticle scanning stage 
14 by suction. Reticle holder 13 is structured ?nely drivable 
(including rotation) Within the XY plane by the reticle drive 
system. 

[0078] A loW absorptive gas such as nitrogen ?oWs into 
the inside of reticle chamber 15 at all times. This is because 
in an exposure apparatus that uses exposure Wavelength in 
the vacuum ultraviolet region, the vicinity of the reticle R 
needs to be replaced With loW absorptive gas so as to prevent 
an absorptive gas such as oxygen from absorbing the expo 
sure light. Thus, concentration of absorptive gas in reticle 
chamber 15 is also less than several ppm. 

[0079] As is shoWn in FIG. 1, one end of a gas supply 
pipeline 16 and an exhaust pipeline 17 are each connected to 
partition Wall 18 of reticle chamber 15. The other end of gas 
supply pipeline 16 and exhaust pipeline 17 are each con 
nected to a nitrogen gas supply unit (not shoWn). Nitrogen 
gas having high purity is supplied to reticle chamber 15 from 
the nitrogen gas supply unit via gas supply pipeline 16 at all 
times, Whereas the gas Within reticle chamber 15 is collected 
by the nitrogen gas supply unit via exhausting pipeline 17. 
The nitrogen gas is circulated and used in such manner. The 
nitrogen gas supply unit incorporates a gas purifying unit, 
and the gas purifying unit operates so as to maintain con 
centration of gases other than the nitrogen gas (that is, 
absorptive gases such as oxygen, Water vapor, or organic 
substances) less than several ppm, even When the nitrogen 
gas is circulated and used for over a long period of time in 
a circulation route including the nitrogen gas supply unit and 
the inside of reticle chamber 15. Sensors such as a pressure 
sensor or an absorptive gas concentration sensor may be 
arranged Within reticle chamber 15, and based on measure 
ment values of the sensor, the start/stop operation of a pump 
incorporated in the nitrogen gas supply unit can be con 
trolled appropriately via a control unit (not shoWn). 

[0080] In addition, on a part of partition Wall 18 of reticle 
chamber 15, openings 22 and 23 are arranged as is shoWn in 
FIG. 1 (on both sides in the X-axis direction in FIG. 1). 
Support members 112A and 112B or the like are inserted in 
the openings 22 and 23 from the outside, to horiZontally 

Oct. 30, 2003 

support reticle base supporting bed 19. Also, metal belloWs 
24 and 25, Which are freely expandable, are each arranged 
on the external portion of openings 22 and 23 in partition 
Wall 18; in order to decrease the amount of vibration from 
traveling to projection optical system PL via support mem 
bers 112A, 112B, and partition Wall 18 Which occurs in 
reticle base supporting bed 19 When reticle stage RST 
moves, and also to prevent gas leakage from openings 22 
and 23. Incidentally, it is possible to use a softer ?lm-shaped 
member similar to the one described earlier, instead of the 
metal belloWs. 

[0081] On the side Wall in the —X side of partition Wall 18 
of reticle chamber 15, a light transmittance WindoW 71 is 
arranged. LikeWise, although it is omitted in the draWings, 
a light transmittance WindoW is also arranged on the side 
Wall in the +Y side (in depth of the page surface in FIG. 1) 
of partition Wall 18. These light transmittance WindoWs are 
structured, by forming WindoWs (opening portions) in par 
tition Wall 18 and attaching light transmitting members to 
close the openings, a normal optical glass in the embodi 
ment. When the WindoWs are formed, in order to prevent gas 
leakage from an attachment portion of the light transmitting 
member con?guring light transmittance WindoW 71 to the 
WindoW opening, sealing With a metal seal such as indium 
or copper, or a ?uorocarbon resin is applied to the attach 
ment portion. As the above ?uorocarbon resin, a ?uorocar 
bon resin that has been degassed by undergoing heat treat 
ment for tWo hours at a temperature of 80° c. is preferably 
used. 

[0082] On the edge portion on the —X side of reticle holder 
13, an X movable mirror 72X consisting of a planar mirror 
is arranged, extending in the Y-axis direction. On X movable 
mirror 72X, measurement beams from an X-axis laser 
interferometer 74X arranged outside reticle chamber 15 
almost at a right angle to X movable mirror 72X are 
projected, via light transmittance WindoW 71. A detector 
Which receives the light re?ected off X movable mirror 72X 
via light transmittance WindoW 71 is arranged Within the 
X-axis laser interferometer 74X, thus detecting a position of 
the X movable mirror 72X, that is, an X position of the 
reticle R, With a position of a reference mirror arranged 
Within the X-axis laser interferometer 74X as a reference. 

[0083] Similarly, although it is omitted in the draWings, on 
the edge portion on the +Y side of reticle holder 13, a Y 
movable mirror consisting of a planar mirror is arranged, 
extending in the X-axis direction. And, similar as above, a 
position of Y movable mirror, that is, a Y position of reticle 
R is detected With a Y-axis interferometer (not shoWn) via Y 
movable mirror. Detection values (measurement values) of 
the above tWo laser interferometers are supplied to a control 
unit (not shoWn), and the control unit controls the position 
of reticle stage RST based on the detection values of these 
interferometers. 

[0084] As is described, in the embodiment, since the laser 
interferometer, that is; the laser light source, optical mem 
bers such as a prism, and the detector or the like, are 
arranged outside reticle chamber 15, there are no adverse 
effects on exposure even if a small amount of absorptive gas 
is generated from parts making up the laser interferometers 
such as the detector. 

[0085] As projection optical system PL, an optical system 
that is both a double telecentric reduction optical system and 
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a refraction optical system consisting of a plurality of lens 
elements (formed of ?uorite, or ?uorite crystal such as in 
lithium ?uoride) having a common optical axis in the Z-axis 
direction, is used. Projection optical system PL has a pro 
jection magni?cation [3 of, for example, 1A or 1/5. As is 
previously described, When reticle R is illuminated With 
exposure light EL from illumination unit 2, projection 
optical system PL reduces and projects the circuit pattern 
formed on reticle R on the shot areas of Wafer W, transfer 
ring and forming reduced images of the circuit pattern. 

[0086] Projection optical system PL is inserted from a 
lateral direction in an opening that has a U shape in a planar 
vieW, formed in barrel supporting bed (mainframe) 114. It is 
?xed to barrel supporting bed (mainframe) 114 via the above 
?ange portion FLG. Other than the refraction optical system 
referred to earlier, a catadioptric system or a re?ection 
system may either be used as projection optical system PL. 

[0087] In addition, in the embodiment, in order to prevent 
vibration from traveling in betWeen support members 111A 
and 110B Which support partition Wall 18 of reticle chamber 
15, support members 112A and 112B Which support reticle 
base supporting bed 19, and barrel supporting bed 114 Which 
support projection optical system PL, a vibration cancel 
mechanism (not shoWn) is provided in betWeen these mem 
bers. 

[0088] In addition, in the embodiment Where light source 
1 is a vacuum ultraviolet light such as the F2 laser having an 
output Wavelength of 157 nm, gases along the optical path 
inside projection optical system PL need to be replaced With 
a rare gas such as helium, or With nitrogen gas (loW 
absorptive gas) that have loW absorptivity to vacuum ultra 
violet light. Also, in an exposure apparatus that uses vacuum 
ultraviolet light as its light source, materials used for lenses 
in projection optical system PL are limited to a crystal 
material such as ?uorite that has a large thermal expansion 
coef?cient. Accordingly, of the loW absorptive gas referred 
to above, since the increase in temperature Which occurs 
When the lenses absorb exposure light EL greatly affects the 
image forming characteristics or the like of the lenses, 
helium gas Which has a large cooling effect is used in this 
embodiment. 

[0089] Helium gas, hoWever, has a large index of refrac 
tion to nitrogen and air. So, even if only a slight amount of 
nitrogen gas Within reticle chamber 15 or in Wafer chamber 
40 (Which Will be described later) enters the inside of 
projection optical system PL ?lled With helium gas, the 
index of refraction of the helium gas Within projection 
optical system PL changes greatly, thus deteriorating the 
image forming characteristics of projection optical system 
PL, Which decreases the apparatus performance. Therefore, 
in this embodiment, a mechanism is employed Where helium 
gas Within projection optical system PL is almost completely 
separated With nitrogen gas outside; in the upper end portion 
(end portion on the +Z side) and the loWer end portion (end 
portion on the —Z side) of projection optical system PL. The 
con?guration of projection optical system PL, including the 
mechanism for separating helium gas and nitrogen gas Will 
be described in detail, later in the description. 

[0090] Wafer stage WST is arranged in Wafer chamber 40, 
Which serves as a substrate chamber. Wafer chamber 40 is 
covered With a partition Wall 41 joined With the barrel of 
projection optical system PL Without any gap, Which isolates 
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the gas inside from the outside. Partition Wall 41 of Wafer 
chamber 40 is formed of a material such as stainless (SUS), 
Which releases only a small amount of gas When degassed. 

[0091] Similar With partition Wall 18 of reticle chamber 
15, partition Wall 41 of Wafer chamber 40 and projection 
optical system PL are joined at ?ange portion FLG of 
projection optical system PL. This is due to similar reasons 
as to Why partition Wall 18 of reticle chamber 15 is joined 
to ?ange portion FLG. 

[0092] Inside Wafer chamber 40, a base BS is horiZontally 
supported via a plurality of vibration isolation units 39. In 
addition, partition Wall 41 of Wafer chamber 40 is supported 
on a ?oor surface F by a plurality of vibration isolation units 
43. Vibration isolation units 43 insulate ?ne vibration from 
the ?oor at a micro G level, While vibration isolation units 
39 suppress vibration of base BS traveling through partition 
Wall 41 to projection optical system PL, Which occurs due to 
the movement of Wafer stage WST. 

[0093] Wafer stage WST can be driven freely in XY tWo 
dimensional directions on an upper surface of base BS by, 
for example, a Wafer drive system (not shoWn) made up of 
a linear motor or the like. 

[0094] In an exposure apparatus that uses exposure Wave 
length in the vacuum ultraviolet region as in the embodi 
ment, the optical path from projection optical system PL to 
the Wafer W also needs to be replaced With nitrogen or rare 
gas, in order to prevent the exposure light from being 
absorbed by absorptive gases such as oxygen. 

[0095] As is shoWn in FIG. 1, one end of a gas supply 
pipeline 32 and an exhaust pipeline 33 are each connected to 
partition Wall 41 of Wafer chamber 40. The other end of gas 
supply pipeline 32 and exhaust pipeline 33 are each con 
nected to a nitrogen gas supply unit (not shoWn). Nitrogen 
gas having high purity is supplied to Wafer chamber 40 from 
the nitrogen gas supply unit via gas supply pipeline 32 at all 
times, Whereas the gas Within Wafer chamber 40 is collected 
by the nitrogen gas supply unit via exhausting pipeline 33. 
The nitrogen gas is circulated and used in such manner. The 
nitrogen gas supply unit incorporates a gas purifying unit, 
and the gas purifying unit operates so as to maintain con 
centration of gases other than the nitrogen gas (that is, 
absorptive gases such as oxygen, Water vapor, or organic 
substances) less than several ppm, even When the nitrogen 
gas is circulated and used for over a long period of time in 
a circulation route including the nitrogen gas supply unit and 
the inside of Wafer chamber 40. Sensors such as a pressure 
sensor or an absorptive gas concentration sensor may be 
arranged Within Wafer chamber 40, and based on measure 
ment values of the sensor, the start/stop operation of a pump 
incorporated in the nitrogen gas supply unit can be con 
trolled appropriately via a control unit (not shoWn). 

[0096] On the side Wall in the —X side of partition Wall 41 
of Wafer chamber 40, a light transmittance WindoW 38 is 
arranged. LikeWise, although it is omitted in the draWings, 
a light transmittance WindoW is also arranged on the side 
Wall in the +Y side (in depth of the page surface in FIG. 1) 
of partition Wall 41. These light transmittance WindoWs are 
structured, by forming WindoWs (opening portions) in par 
tition Wall 41 and attaching light transmitting members to 
close the openings, a normal optical glass in the embodi 
ment. When the WindoWs are formed, in order to prevent gas 
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leakage from an attachment portion of the light transmitting 
member con?guring light transmittance WindoW 38 to the 
WindoW opening, sealing With a metal seal such as indium 
or copper, or a ?uorocarbon resin is applied to the attach 
ment portion. As the above ?uorocarbon resin, a ?uorocar 
bon resin that has been degassed by undergoing heat treat 
ment for tWo hours at a temperature of 80° c. is preferably 
used. 

[0097] On the edge portion on the —X side of a Wafer 
holder 35, an X movable mirror 36X consisting of a planar 
mirror is arranged, extending in the Y-axis direction. On X 
movable mirror 36X, measurement beams from an X-axis 
laser interferometer 37X arranged outside Wafer chamber 40 
almost at a right angle to X movable. mirror 36X are 
projected, via light transmittance WindoW 38. A detector 
Which receives the light re?ected off X movable mirror 36X 
via light transmittance WindoW 38 is arranged Within the 
X-axis laser interferometer 37X, thus detecting a position of 
the X movable mirror 36X, that is, an X position of the Wafer 
R, With a position of a reference mirror arranged Within the 
X-axis laser interferometer 37X as a reference. 

[0098] Similarly, although it is omitted in the draWings, on 
the edge portion on the +Y side of Wafer holder 35, a Y 
movable mirror consisting of a planar mirror is arranged, 
extending in the X-axis direction. And, similar as above, a 
position of Y movable mirror, that is, a Y position of Wafer 
W is detected With a Y-axis interferometer (not shoWn) 37Y 
via Y movable mirror. Detection values (measurement val 
ues) of the above tWo laser interferometers are supplied to a 
control unit (not shoWn), and the control unit controls the 
position of Wafer stage WST based on the detection values 
of these interferometers. 

[0099] As is described, in the embodiment, since the laser 
interferometer, that is; the laser light source, optical mem 
bers such as a prism, and the detector or the like, are 
arranged outside Wafer chamber 40, there are no adverse 
effects on exposure even if a small amount of absorptive gas 
is generated from parts making up the laser interferometers 
such as the detector. 

[0100] A con?guration of projection optical system PL 
Will be described next in detail, referring to FIGS. 2 to 4. 

[0101] In FIG. 2, a side vieW of projection optical system 
PL is schematically shoWn With its barrel partly broken, 
along With a gas piping system. FIG. 3 shoWs a partly 
sectional perspective vieW of the vicinity of an upper end of 
a projection optical system PL. 

[0102] As is shoWn in FIG. 2, projection optical system 
PL comprises a barrel 50, a plurality of lenses (?ve in FIG. 
2) L1, L2, L3, L4, and L5 that are arranged Within barrel 50 
at a predetermined interval. 

[0103] On the inner periphery surface of barrel 50, lens 
holding mechanisms H1, H2, H3, H4, and H5 for holding the 
periphery portion of each lens in point contact from a 
vertical direction are arranged vertically at a predetermined 
interval. Lens holding mechanisms H1 to H5 are each 
arranged on the inner periphery surface of barrel 50 at an 
equiangular interval at a plurality of points. 

[0104] In ?ange portion FLG of projection optical system 
PL, a gas supply path 61 and a gas exhaust path 63 are each 
formed in a state connecting the inside With the outside of 
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projection optical system PL, as is shoWn in FIG. 2. One end 
of a gas supply pipeline 30 and an exhaust pipeline 31 are 
connected, respectively, to gas supply path 61 and gas 
exhaust path 63 from outside projection optical system PL. 
The other end of gas supply pipeline 30 is connected to one 
end of a gas circulating device 70, Which supplies helium 
gas into projection optical system PL and exhaust the gas 
inside projection optical system PL, Whereas, the other end 
of exhaust pipeline 31 is connected to the other end of gas 
circulating device 70. 

[0105] Gas circulating device 70 replaces the gas inside 
barrel 50 of projection optical system PL at all times With 
helium gas having high purity, by creating a ?oW of helium 
gas into projection optical system PL via gas supply pipeline 
30 and exhaust pipeline 31. This alloWs absorptive gas 
inside barrel 50 of projection optical system PL to be 
maintained at a concentration less than several ppm at all 
times. Furthermore, gas circulating device 70 incorporates a 
gas purifying unit (not shoWn), Which operates to maintain 
absorptive gas inside barrel 50 of projection optical system 
PL at a concentration less than several ppm at all times so 
that helium gas can be circulated and used for over a long 
period of time in a circulation route including the gas 
circulating device 70 and the inside of barrel 50 of projection 
optical system PL. Sensors such as a pressure sensor or an 
absorptive gas concentration sensor may be arranged Within 
barrel 50, and based on measurement values of the sensor, 
the start/stop operation of a pump incorporated in gas 
circulating device 70 may be controlled appropriately via a 
control unit (not shoWn). 

[0106] The reason for performing gas supply/exhaustion 
via ?ange portion FLG is since ?ange portion FLG is 
mechanically strong, it can suppress in?uence of vibration 
traveling to projection optical system PL via gas supply 
pipeline 30 and exhaust pipeline 31, Which are connected to 
?ange portion FLG and carry helium gas, to the minimum. 

[0107] In addition, in the embodiment, in betWeen a ?rst 
isolating mechanism 60 (to be described later) and a second 
isolating mechanism 80 in barrel 50, space inside the barrel 
is sealed to the outside, creating a sealed structure. Even 
When the barrel is structured of stacked partial barrels, a seal 
member made of ?uorocarbon resin may be arranged in 
betWeen the partial barrels, or a spacer having an exhaust 
groove formed may be arranged, so that the space inside the 
barrel is isolated from the outside. 

[0108] As is shoWn in FIG. 2, the ?rst isolating mecha 
nism 60 is arranged on the upper end portion of barrel 50, 
to substantially suppress gas ?oWing from barrel 50 of 
projection optical system PL to reticle chamber 15 (refer to 
FIG. 1) connected in close contact With projection optical 
system PL, as Well as substantially suppress gas from 
?oWing into projection optical system PL from reticle cham 
ber 15. FolloWing are the details on the ?rst isolating 
mechanism 60, referring to FIG. 3. 

[0109] As is shoWn in FIG. 3, the ?rst isolating mecha 
nism 60 comprises a ?rst holding member 62 serving as a 
support member arranged integrally on the upper end por 
tion of barrel 50 (object surface side of projection optical 
system PL), a partition Wall parallel plate 64 serving as a 
transmissive optical element consisting of a circular parallel 
?at plate arranged above the ?rst holding member 62 via a 
predetermined clearance, and a second holding member 66 
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serving as a support member arranged above the partition 
Wall parallel plate 64 via a predetermined clearance. 

[0110] The ?rst holding member 62 is a ring shaped 
member of a predetermined thickness, on Which a circular 
penetrating hole 62a is formed in the center. The penetrating 
hole 62a is an optical path of the exposure light EL, and on 
the upper surface of the ?rst holding member 62, three 
projected portions 52a, 52b, and 52c are arranged at an 
equiangular interval on the same circumference. Projected 
portions 52a to 52c, for example, are projected above the 
upper end surface of the ?rst holding member 62 around 2 
to 5 pm, Which is just about double the processing accuracy 
of the upper end surface of the ?rst holding member 62 of 
1 to 2 pm. In addition, in the area on the outer side of 
projected portions 52a to 52c on the upper surface of the ?rst 
holding member 62, an exhaust groove 56 of a circular ring 
shape is formed, With an optical axis AX as its center. 
Exhaust groove 56 is connected through to an exhaust 
pipeline 59 via a gas exhaust path 58, Which is formed in the 
?rst holding member 62. And, one end of exhaust pipeline 
59 is connected to the side surface of the ?rst holding 
member 62. 

[0111] Similar to lenses L1 to L5 described above, parti 
tion Wall parallel plate 64 is made up of ?uorite crystal such 
as in ?uorite or lithium ?uoride, and the surface accuracy is 
set extremely high compared With the ?rst holding member 
62. The three projected portions 52a to 52c, arranged on the 
upper surface of the ?rst holding member 62, support the 
loWer surface of partition Wall parallel plate 64 at three 
points in direct contact. Accordingly, in this supporting state 
a clearance of around several times (favorably tWice as 
much) to the processing surface accuracy of the ?rst holding 
member 62 is secured in betWeen the upper end surface of 
the ?rst holding member 62 and partition Wall parallel plate 
64. 

[0112] In addition, in the supporting state, the portion of 
the ?rst holding member 62 in contact With the loWer surface 
of the partition Wall parallel plate 64 is limited to the tip 
portion of projected portions 52a to 52c, and the three tip 
portions set a plane on Which the loWer surface of the 
partition Wall parallel plate 64 is held. Therefore, With 
projected portions 52a to 52c, the degree of ?atness of the 
partition Wall parallel plate 64 can be maintained, Without 
the shape of the loWer surface deforming in any Way like the 
shape of the upper end surface of the ?rst holding member 
62 having processing errors When holding the partition Wall 
parallel plate 64 in direct contact With the upper end surface 
of the ?rst holding member 62. Accordingly, optical prop 
erties such as the index of refraction can be maintained, 
Without any unnecessary stress on partition Wall parallel 
plate 64. 

[0113] In addition, the radius of partition Wall parallel 
plate 64 is several cm longer than the radius of penetrating 
hole 62a formed in the center of the ?rst holding member 62. 
Therefore, When partition Wall parallel plate 64 is supported 
by projected portions 52a to 52c of the ?rst holding member 
62 in a state Where the center of partition Wall parallel plate 
64 coincides With the optical axis AX, as is shoWn in FIG. 
3, an area in a strip several cm Wide from the circumference 
of partition Wall parallel plate 64 faces the upper end surface 
of the ?rst holding member 62 via a clearance of around 
several pm (1-3 pm) . Accordingly, ventilation betWeen 
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reticle chamber 15 and the inside of projection optical 
system PL is limited only to the circular space around 
several pm high and several cm Wide, creating an extremely 
high airtight state. 

[0114] Likewise the ?rst holding member 62, the second 
holding member 66 is a ring shaped member for clamping 
partition Wall parallel plate 64 With the ?rst holding member 
62. On the second holding member 66 a circular penetrating 
hole 66a, Which is an optical path of the exposure light EL, 
is formed. And on the loWer surface of the second holding 
member 66, three projected portions 54a, 54b, and 54c are 
arranged (projected portion 54c is not shoWn, due to draWing 
convenience) in the same positional relationship as projected 
portions 52a to 52c described earlier. In an assembled state, 
as in FIG. 3, projected portions 54a to 54c of the second 
holding member 66 face projected portions 52a to 52c 
formed on the upper surface of the ?rst holding member 62 
in the vertical direction With partition Wall parallel plate 64 
in betWeen. With this arrangement, since forces in the 
vertical direction act on the same position in a horiZontal 
plane (the point of action is coaxial), forces that cause 
deformation of the partition Wall parallel plate 64 are not 
generated. 
[0115] In such a case, as Well, the height of projected 
portions 54a to 54c is around 2-5 pm, Which is around tWice 
the processing surface accuracy of the loWer surface of the 
second holding member 66 around 1-2 pm. Accordingly, a 
clearance of around several times (favorably tWice as much) 
to the processing surface accuracy of the second holding 
member 66 is secured in betWeen the loWer end surface of 
the second holding member 66 and the upper surface of 
partition Wall parallel plate 64. 

[0116] Furthermore, in the embodiment, in order to 
securely hold (clamp) partition Wall parallel plate 64 With 
the ?rst holding member 62 and the second holding member 
66, holes 76 are formed in the second holding member 66 at 
a predetermined interval as is shoWn in FIG. 3, and screW 
holes (openings With screWs, not shoWn) are formed on the 
?rst holding member 62 on the area opposing holes 76. 
Then, screWs B1 and B2 are each screWed into the screW 
holes via each of the holes 76 and are tightened as appro 
priate, so that the second holding member 66 is ?xed to the 
?rst holding member 62. 

[0117] As is shoWn in FIG. 2, the other end of exhaust 
pipeline 59 is joined to a gas exhaust unit 90. Gas exhaust 
unit 90 is joined to a gas storage chamber (not shoWn), and 
exhausts the exhausted gas ?oWing into the device via 
exhaust pipeline 59 to the gas storage chamber (not shoWn). 

[0118] With the ?rst isolating mechanism 60 having the 
structure described above, since the ?rst holding member 62 
and the second holding member 66 hold partition Wall 
parallel plate 64 With a space of several micron available in 
betWeen, gas ?oWing in and out of projection optical system 
PL (barrel 50) via the space in betWeen partition Wall parallel 
plate 64 and the ?rst holding member 62 can be suppressed 
to the minimum. Also, nitrogen gas that passes slightly 
through the ?rst holding member 62 and partition Wall 
parallel plate 64 ?oWing into projection optical system PL 
and helium gas that ?oWs slightly out of projection optical 
system PL are forced outside projection optical system PL 
and reticle chamber 15. This is performed by gas exhaust 
unit 90 via exhaust groove 56, Which is formed in the ?rst 
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holding member 62 at a position opposing partition Wall 
parallel plate 64. Accordingly, in the embodiment, gas inside 
projection optical system PL and reticle chamber 15 can be 
kept from mixing, almost Without fail. 

[0119] In the vicinity of the loWer end of barrel 50 of 
projection optical system PL (image plane side of projection 
optical system PL), the second isolating mechanism 80 is 
arranged, Which is structured similar to the ?rst isolating 
mechanism 60. Hereinafter, the second isolating mechanism 
80 is described, referring to FIG. 4. FIG. 4 shoWs a 
perspective vieW partially sectioned, of the second isolating 
mechanism 80 detached from projection optical system PL. 

[0120] As is shoWn in FIG. 4, the second isolating mecha 
nism 80 comprises: a third holding member 82 Which serves 
as a support member, consisting of a cylindrical shaped 
member With a bottom on Which a circular penetrating hole 
82a (forms the optical path of the exposure light EL) is 
formed in the center; a partition Wall parallel plate 84 
serving as a transmissive optical element consisting of a 
circular parallel ?at plate arranged above the third holding 
member 82 via a clearance of around several pm; and a 
fourth holding member 86 serving as a support member 
arranged above the partition Wall parallel plate 84 via a 
clearance of around several pm. 

[0121] The upper end of the third holding member 82 is 
?xed to the loWer end portion of barrel 50 of projection 
optical system PL (refer to FIG. 2). LikeWise the ?rst 
holding member 62, the third holding member 82 supports 
partition Wall parallel plate 84 at three points With projected 
portions 92a, 92b, and 92c that are formed on the upper 
surface of its bottom Wall. Also, partition Wall parallel plate 
84 is a circular parallel ?at plate, formed With a similar 
material in a similar Way as partition Wall parallel plate 64. 

[0122] The fourth holding member 86 is a ring shaped 
member that has projected portions 94a, 94b, and 94c 
(projected portion 54c is not shoWn, due to draWing conve 
nience) formed on its loWer surface for clamping partition 
Wall parallel plate 84 in the vertical direction With projected 
portions 92a, 92b, and 92c of the third holding member 82. 
On the fourth holding member 86 a circular penetrating hole 
86a, Which is an optical path of the exposure light EL, is 
formed. This alloWs forces in the vertical direction to act on 
the same position in a horiZontal plane (the point of action 
is coaxial); therefore, forces that cause deformation of the 
partition Wall parallel plate 84 are not generated. The fourth 
holding member 86 is ?xed to the third holding member 82 
in a similar manner as above, With screWs B1‘ and B2‘. 

[0123] In such a case, again, the height of projected 
portions 92a to 92c is around 2-5 pm, Which is around tWice 
the processing surface accuracy of the upper surface of the 
third holding member 82 around 1-2 pm. Similarly, the 
height of projected portions 94a to 94c is around 2-5 pm, 
Which is around tWice the processing surface accuracy of the 
loWer surface of the fourth holding member 86 around 1-2 
pm. Accordingly, a clearance of around 1-3 pm is set; in 
betWeen the upper surface of the third holding member 82 
and partition Wall parallel plate 84, and in betWeen the loWer 
surface of the fourth holding member 86 and partition Wall 
parallel plate 84. 

[0124] In addition, the radius of partition Wall parallel 
plate 84 is several cm longer than the radius of penetrating 
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hole 82a formed in the center of the third holding member 
82. Therefore, When partition Wall parallel plate 84 is 
supported by projected portions 92a to 92c of the third 
holding member 82 in a state Where the center of partition 
Wall parallel plate 84 coincides With the optical axis AX, as 
is shoWn in FIG. 4, partition Wall parallel plate 84 faces the 
upper. surface of the third holding member 82 via a clear 
ance of around several pm (1-3 pm). Accordingly, ventila 
tion betWeen Wafer chamber 40 and the inside of projection 
optical system PL is limited only to the circular space around 
several pm high and several cm Wide, creating an extremely 
high airtight state. 

[0125] In addition, in the outer side area of projected 
portions 92a to 92c on the upper surface of the third holding 
member 82, an exhaust groove 46 of a circular ring shape is 
formed With the optical axis AX as its center. Exhaust 
groove 46 is connected through to an exhaust pipeline 49 via 
a gas exhaust path 48, Which is formed in the third holding 
member 82. And, one end of exhaust pipeline 49 is con 
nected to the side surface of the third holding member 82, 
and the other end is connected to gas exhaust unit 90 
previously referred. 

[0126] With the second isolating mechanism 80 having the 
structure described above, since the third holding member 
82 and the fourth holding member 86 hold partition Wall 
parallel plate 84 With a space of several micron vertically 
available in betWeen, gas ?oWing in and out of projection 
optical system PL via the space in betWeen partition Wall 
parallel plate 84 and the third holding member 82 can be 
suppressed to the minimum. Also, gas that passes slightly 
through the third holding member 82 and partition Wall 
parallel plate 84 ?oWing into projection optical system PL 
and gas that ?oWs slightly out of projection optical system 
PL (into Wafer chamber 40) are exhausted outside projection 
optical system PL and Wafer chamber 40 via exhaust groove 
46, Which is formed in the third holding member 82 at a 
position opposing partition Wall parallel plate 84. Accord 
ingly, in the embodiment, gas inside projection optical 
system PL and Wafer chamber 40 can be kept from mixing, 
almost Without fail. 

[0127] In addition, in the embodiment, since ring shaped 
exhaust grooves are provided in the ?rst holding member 
and the third holding member on the surfaces facing the 
partition Wall parallel plates, gas Within the space enclosed 
by each of the partition Wall parallel plate and the holding 
member can be exhausted evenly by exhausting gas via the 
ring shaped grooves. As a consequence, a high sealed effect 
can be obtained With a small exhaust amount. 

[0128] As is obvious from the description so far, in the 
embodiment, exhaust groove 56, gas exhaust path 58, 
exhaust pipeline 59, and gas exhaust unit 90 make up an 
exhaust unit for eliminating gas. LikeWise, exhaust groove 
46, gas exhaust path 48, exhaust pipeline 49, and gas exhaust 
unit 90 also make up an exhaust unit for eliminating gas. 

[0129] Incidentally, at least one of partition Wall parallel 
plates 64 and 84 is one of a plurality of optical elements 
structuring the projection optical system. The projection 
optical system is designed, taking into account the aberra 
tion occurring due to the attachment of partition Wall parallel 
plates 64 and 84 in advance. 

[0130] In addition, in the description above, the structure 
is employed Where nitrogen gas supply units for reticle 
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chamber 15 and Wafer chamber 40 incorporate gas purifying 
units. However, the present invention is not limited to this, 
and gas exhausted from reticle chamber 15 and Wafer 
chamber 40 can be exhausted via factory piping, instead of 
having the gas purifying units incorporated. A similar 
arrangement may be employed for gas circulating device 70, 
provided in projection optical system PL. 

[0131] In addition, in the embodiment, the inner surface of 
barrel 50 and the surface inside the ?rst holding member to 
the fourth holding member are, for example, preferably 
coated With ?uorocarbon resin. Or, on the inner surface of 
barrel 50 and the surface inside the ?rst holding member to 
the fourth holding member, a hard ?lm (such as a ceramics 
?lm or a stainless ?lm) Which releases only a small amount 
of gas When degassed is preferably formed by plasma spray 
coating, or a chemically clean processing is preferably 
performed by electric ?eld polishing. Or, as the material of 
the inner surface of barrel 50 and the surface inside the ?rst 
holding member to the fourth holding member, chemically 
clean materials such as stainless or Te?on (registered trade 
mark) may be used. 

[0132] In addition, the four clearances in total, that is, the 
clearances formed on the upper surface side and the loWer 
surface side of the partition Wall parallel plates 64 and 84, 
may each be the same or be different. That is, the ?rst to third 
clearances related to the present invention may be the same 
or may be different. 

[0133] Next, exposure operations performed by the expo 
sure apparatus 100 having the arrangement described above 
is brie?y described. 

[0134] First of all, various exposure conditions are set. 
After this is completed, preparatory operations such as 
reticle alignment and baseline measurement are performed, 
using equipments such as a reticle microscope (not shoWn) 
and an off axis alignment sensor (also not shoWn). Then, ?ne 
alignment (such as EGA (Enhanced Global Alignment)) on 
Wafer W is performed using the alignment sensor, and 
arrangement coordinates of a plurality of shot areas on Wafer 
W are obtained. 

[0135] Details on the preparatory operations such as the 
reticle alignment and the baseline measurement referred to 
above are disclosed in, for example, Japanese Patent Appli 
cation Laid-open No. 04-324923 and the corresponding US. 
Pat. No. 5,243,195. Details on EGA that folloW the prepa 
ratory operations are disclosed in, Japanese Patent Applica 
tion Laid-open No. 61-44429 and the corresponding US. 
Pat. No. 4,780,617. As long as the national laWs in desig 
nated states or elected states, to Which this international 
application is applied, permit, the disclosures cited above are 
fully incorporated herein by reference. 

[0136] When the preparatory operations for exposing 
Wafer W is completed in the manner above, a control unit 
(not shoWn) moves Wafer stage WST to the starting position 
for scanning exposure on the ?rst shot area on Wafer W via 
the Wafer drive system based on the alignment results, While 
monitoring the measurement values of X-axis laser interfer 
ometer 37X and Y-axis laser interferometer 37Y on the 
Wafer side. 

[0137] Then, the control unit begins scanning reticle stage 
RST and Wafer stage WST via the reticle drive system and 
the Wafer drive system in the X direction. When both stages 
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RST and WST reach their target scanning velocity, exposure 
light EL begins illuminating the pattern area of reticle R. 
Thus scanning exposure begins. 

[0138] The control unit synchronously controls reticle 
stage RST and Wafer stage WST via the reticle drive system 
and the Wafer drive system, so that a movement velocity Vr 
of reticle stage RST in the X-axis direction and a movement 
velocity VW of Wafer stage WST in the X-axis direction are 
maintained at a velocity ratio corresponding to the projec 
tion magni?cation of projection optical system PL, espe 
cially during scanning exposure described above. 

[0139] Then, different areas of the pattern area of reticle R 
are sequentially illuminated With the ultraviolet pulse light, 
and When the entire pattern area has been illuminated, 
scanning exposure on the ?rst shot area on Wafer W is 
completed. And, With the operation above, the circuit pattern 
of reticle R is reduced and transferred on the ?rst shot area 
via projection optical system PL. 

[0140] When scanning exposure on the ?rst shot area is 
completed in the manner above, the control unit steps Wafer 
stage WST in both the X-axis and Y-axis directions, so as to 
move it to the scanning starting position for exposing the 
second shot area. During the stepping operations, the control 
unit measures the positional shift of Wafer stage WST in the 
X, Y, and 02 directions realtime based on the measurement 
values of X-axis laser interferometer 37X and Y-axis laser 
interferometer 37Y on the Wafer side. And, based on the 
measurement results, the control unit controls the position of 
Wafer stage WST so that the XY positional shift is in a 
predetermined state. 

[0141] The control unit then performs scanning exposure 
in the manner described above on the second shot area. 

[0142] In this manner, scanning exposure on the shot area 
on Wafer W and stepping operations for exposing the next 
shot area are repeatedly performed, and the circuit pattern of 
reticle R is sequentially transferred onto all the shot areas on 
Wafer W subject to exposure. 

[0143] When scanning exposure is performed in the man 
ner above on each of the shot areas on the Wafer, the 
exposure apparatus can fully demonstrate its optical prop 
erties due to the ?rst isolating mechanism 60 and the second 
isolating mechanism 80. That is, since helium gas is supplied 
to projection optical system PL, Whereas nitrogen gas is 
supplied to reticle chamber 15 and Wafer chamber 40, and 
furthermore, nitrogen gas ?oWing into projection optical 
system PL is almost totally prevented, the index of refraction 
of gas inside projection optical system PL is almost constant. 
Therefore, the image forming characteristics of projection 
optical system PL can be favorably maintained for a long 
period. Also, since helium gas ?oWing out of projection 
optical system PL into reticle chamber 15 and Wafer cham 
ber 40 can be almost totally prevented, the index of refrac 
tion of gas inside both the stage chambers 15 and 40 is 
maintained at a constant level. Moreover, since deformation 
of partition Wall parallel plates 64 and 84 is suppressed, 
optical properties of partition Wall parallel plates 64 and 84 
such as the index of refraction can be maintained for a long 
period, therefore, partition Wall parallel plates 64 and 84 
hardly have any adverse effects on the exposure accuracy. 

[0144] Furthermore, even With the elapse of time, image 
forming characteristics of projection optical system PL 
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hardly deteriorates, and changes in the index of refraction of 
gas ?lling reticle chamber 15 and Wafer chamber 40 are 
suppressed. Accordingly, deterioration in the pattern trans 
ferred onto Wafer W can be prevented. 

[0145] As is described so far, With the exposure apparatus 
100 in the embodiment, a pattern is transferred onto each 
shot area on Wafer W via projection optical system PL Which 
image forming characteristics are favorably maintained. In 
addition, since exposure is performed With exposure light 
EL, Which is light in the vacuum ultraviolet region, projec 
tion optical system PL can have high resolution, alloWing a 
?ne pattern to be accurately transferred onto a Wafer. 
Accordingly, exposure With high precision can be main 
tained for a long period of time. 

[0146] The exhaust units may be provided in the second 
and fourth holding members located above the partition Wall 
parallel plate, that is, grooves may be formed on the loWer 
surface side of the second and fourth holding members for 
exhausting gas. Or, in order to increase the seal effect, the 
grooves may be arranged on both the upper and loWer 
surface of the light transmitting members. 

[0147] In the embodiment above, the ?rst isolating mecha 
nism 60 is arranged at the very top on the upper end of 
projection optical system PL and the second isolating 
mechanism is arranged at the very bottom end, so as to 
isolate the gas environment inside barrel 50 from the gas 
environment outside barrel 50. The present invention, hoW 
ever, is not limited to this, and the ?rst isolating mechanism 
60, for example, does not necessarily have to be at the very 
top on the upper end of projection optical system PL, and 
may be arranged at a position several lenses inWard from the 
reticle R side. Similarly, the second isolating mechanism 80 
may be arranged at a position several lenses inWard from the 
Wafer W side of projection optical system PL. 

[0148] With this arrangement, the holding mechanism for 
normal lenses is to hold the lenses only partially by point 
contact so as to prevent the lenses from deforming, as is 
described above. Therefore, the space around the lenses 
arranged above the ?rst isolating mechanism 60 and the 
space around the lenses arranged beloW the second isolating 
mechanism 80 are ?lled With nitrogen gas, like the inside of 
reticle chamber 15 and Wafer chamber 40. Even in such a 
case, the tWo spaces inside barrel 50 can be isolated, almost 
Without fail. 

[0149] Positional controllability of Wafer W is tighter by 
reduction magni?cation of the projection optical system (for 
example, 1A or 1/5) than positional controllability of reticle R. 
This means that the interferometer measuring the position of 
Wafer stage WST on Which Wafer W is mounted requires a 
higher accuracy. Therefore, the optical path of the interfer 
ometer measuring the position of Wafer W may be replaced 
With helium gas, Which has a small index of refraction and 
reduces the change in Wavelength corresponding to the 
change in pressure or temperature (?uctuations). Accord 
ingly, in the embodiment above, Wafer chamber 40 may be 
?lled With helium gas, as is With projection optical system 
PL, and in this case, since the gas in projection optical 
system PL and Wafer chamber 40 is the same, the necessity 
of arranging the second isolating mechanism 80 like the 
embodiment above decreases. HoWever, it is preferable to 
keep the arrangement of the second isolating mechanism 80 
to maintain the purity of the replaced gas in projection 
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optical system PL, since the gas atmosphere of Wafer 
chamber 40 is frequently disturbed due to situations such as 
maintenance operations of Wafer stage WST or the like and 
Wafer exchange. LikeWise, reticle chamber 15 may be ?lled 
With helium gas, and also in this case, the ?rst isolating 
mechanism 60 does not necessarily have to be arranged. 
HoWever, it is preferable to keep the arrangement of the ?rst 
isolating mechanism 60 to maintain the purity of the 
replaced gas in projection optical system PL, since the gas 
atmosphere of reticle chamber 15 is frequently disturbed due 
to situations such as maintenance operations of reticle stage 
RST or the like and reticle exchange. 

[0150] In addition, since drive portions such as stage 
mechanisms are located in the Wafer chamber 40 and reticle 
chamber 15, concentration of absorptive gas inside Wafer 
chamber 40 and reticle chamber 15 is controlled higher than 
that of the inside of projection optical system PL. In this 
case, even if the type of loW absorptive gas Within Wafer 
chamber 40 or reticle chamber 15 is the same as the loW 
absorptive gas inside projection optical system PL, concen 
tration of absorptive gas inside projection optical system PL 
can be maintained loWer than that of the inside of Wafer 
chamber 40 and reticle chamber 15 When at least either the 
?rst isolating mechanism 60 or the second isolating mecha 
nism 80 is provided. 

[0151] When the KrF excimer laser or the ArF excimer 
laser is used as the light source, reticle chamber 15 and Wafer 
chamber 40 or the like do not necessarily have to be 
arranged. Even With such an arrangement, the ?rst isolating 
mechanism 60 and the second isolating mechanism 80 
function effectively, so that the purity of the replaced gas in 
projection optical system PL is maintained. 

[0152] The second and fourth holding members 66 and 86 
in the ?rst isolating mechanism 60 and the second isolating 
mechanism 80 that clamp (hold) partition Wall parallel plates 
64 and 84 from above do not necessarily have to be 
provided, and the ?rst and third holding members 62 and 82 
may merely support light transmitting members 64 and 84 
from beloW. 

[0153] In addition, in the embodiment above, the shape of 
the partition Wall parallel plate is ?at. The present invention, 
hoWever, is not limited to this, and the partition Wall parallel 
plate may be a plano-convex or a plano-concave lens 164, 
having a slight curvature as is shoWn in FIG. 5A. In such a 
case, When the ?at surface side is arranged on the loWer side, 
the ?rst holding member 62 can be used Without any 
modi?cation, making it convenient from the vieWpoint of 
processing the holding members. Or, a lens 164‘ that has a 
curvature on both surfaces can be used as is shoWn in FIG. 

5B, With a premise that holding members (62‘ and 66‘) 
holding the partition Wall parallel plate are processed to have 
a curvature almost the same as the curvature of the lens. 

Furthermore, a member 154“ Which is overall ?at but locally 
processed irregularly on the optical path for exposure can be 
used, as is shoWn in FIG. 5C. In such a case, holding 
members used in the embodiment above (62 and 66) can be 
used Without any modi?cation. A so-called aberration cor 
rection member (plate) is typical for a member having such 
a shape, and by using the aberration correction member 
image forming characteristics (for example, aberration such 
as distortion) can be favorably corrected. When the aberra 
tion correction member having the irregular shape is used, 












