
DESCRIPTION OPTICAL ELEMENT AND EXPOSURE DEVICE  Technical Field 5
The present invention relates to an optical element  used in a
projection exposure apparatus adopting the  liquid immersion method,
which is applied to the  lithography step for transferring a mask
pattern onto a  photosensitive substrate to produce devices
including, 10 for example, semiconductor elements, image pickup
devices  (such as CODs), liquid crystal display elements, and thin
film magnetic heads. The present invention also relates  to an
exposure apparatus applying the optical element.  15 Background Art A
projection exposure apparatus configured to  transfer a pattern image
of a reticle as a mask onto each  shot area on a resist-coated wafer
(or a glass plate and  so forth) serving as a photosensitive
substrate through 20 a projection optical system is used for
manufacturing  semiconductor elements and the like. A reduced
projection type exposure apparatus (a stepper) applying  a step and
repeat method has been conventionally used as  the projection
exposure apparatus in many cases. 25 Meanwhile, a projection exposure
apparatus applying a  step-and-scan method configured to scan and
expose the  1 NTIPF04-505  reticle and the wafer synchronously is
also drawing  



attentions in these days. Resolution of the projection optical system
incorporated in the projection exposure apparatus becomes  5 higher
as an exposure wavelength used therein becomes shorter or as the
numerical aperture of the projection  optical system becomes larger.
Therefore, the exposure  wavelength used in the projection exposure
apparatus is  becoming shorter every year while the numerical
aperture 10 of the projection optical system is gradually increasing
along developments in finer process rules for  manufacturing
integrated circuits. Although the  dominant exposure wavelength today
is 248 nm of a KrF  excimer laser, an ArF excimer laser having a
shorter 15 exposure wavelength of 193 nm is also being put into
practical use recently. Incidentally, along the reduction in the
wavelength  of exposure light, types of glass materials having
sufficient optical transmittance for obtaining light 20 intensity
required for exposure while ensuring a desired  image-forming
performance are limited. In this context,  there is disclosed a
projection exposure apparatus of a  liquid immersion type configured
to fill a space between  a lower surface of a projection optical
system and a 25 surface of a wafer with a liquid such as water or an
organic  solvent, and to improve resolution by utilizing a  2
NIPFO4-505  phenomenon that the wavelength of exposure light in
liquid  



becomes 1/n (n denotes a refractive index of liquid usually  ranging
from about 1.2 to 1.6) times as large as the  wavelength in the air
(Japanese Patent Application 5 Laid-Open Gazette No. Hei 10-303114
(JP 10-303114 A)).  Disclosure of the Invention The projection
optical system contacts the liquid  when configuring this projection
exposure apparatus of the  10 liquid immersion type as the projection
exposure apparatus applying the step and repeat method. Accordingly,
there  is a risk that a tip portion of the projection optical  system
contacting the liquid may be corroded by the liquid,  thereby leading
to a failure to obtain a desired optical  15 performance. Meanwhile,
an exposure process is performed while  moving a wafer when
configuring the projection exposure  apparatus of the liquid
immersion type as the projection  exposure apparatus applying the
step-and-scan method. 20 Accordingly, it is necessary to fill the
space between the  projection optical system and the wafer with the
liquid  in the course of moving the wafer. Since the projection
optical system contacts the liquid, there is a risk that  the tip
portion of the projection optical system 25 contacting the liquid may
be corroded by the liquid,  thereby leading to a failure to obtain a
desired optical  3 NIPP04.505  performance. An object of this
invention is to provide an optical  



element configured to avoid a tip portion of a projection  optical
system from being corroded by a liquid when 5 applying the liquid
immersion method, and to provide an  exposure apparatus including the
optical element. To attain the object the present invention provides
the following optical elements and exposure apparatuses  applying any
of the optical elements. 10 A first aspect of the present invention
provides an  optical element to be used for an exposure apparatus,
which  is configured to illuminate a mask with an exposure light
beam for transferring a pattern on the mask onto a  substrate through
a projection optical system and to 15 interpose a given liquid in a
space between a surface of  the substrate and the projection optical
system. Here,  the optical element includes a first anti-dissolution
member provided on a surface of a transmissive optical  element on
the substrate's side of the projection optical  20 system. According
to the optical element of the first aspect,  the first
anti-dissolution member is formed on the surface  (a tip surface) of
the optical element. Therefore; it is  possible to prevent
dissolution of the optical element and 25 thereby to maintain an
optical performance of the  projection optical system. 4 NIPF04.505
A second aspect of the present invention provides the optical element
according to the first aspect, in which  



the first anti-dissolution member includes a single-layer  film
having a protective function to protect the optical  5 element
against the liquid. A third aspect of the present invention provides
the  optical element according to the second aspect, in which  the
single-layer film has solubility in pure water equal  to or below 1.0
x 10-' grams per hundred grams of water. 10 According to the optical
elements of the second and  third aspects, it is possible to reduce
an interface in  comparison with a multilayer film. Therefore, it is
possible to minimize an adverse effect of a chemical  reaction which
is apt to occur when the liquid infiltrates 15 into an interface of a
protective layer serving as an  anti-dissolution film. Moreover, it
is easier to form the  film as compared to formation of the
anti-dissolution film  including the multilayer film. A fourth aspect
of the present invention provides  20 the optical element according
to the first aspect, in which  the first anti-dissolution member
includes a multilayer  film having a protective function to protect
the optical  element against the liquid and an anti-reflection
function  to prevent reflection of the exposure light beam. 25 A
fifth aspect of the present invention provides the  optical element
according to the fourth aspect, in which  5 NIPF04-505  the
multilayer film at least includes a layer having  solubility in pure
water equal to or below 1.0 x 10-7 grams  



per hundred grams of water as the outermost layer, and mean
reflectance of the multilayer film is equal to or below 5 2% when an
exit angle of the exposure light beam is set  to 50 degrees. A sixth
aspect of the present invention provides the  optical element
according to the fourth aspect, in which  the multilayer film
includes n layers (n is an integer), 10 and when the layers are
defined sequentially as a first  layer, a second layer, and so forth
to an n-th layer being  the outermost layer, an odd-numbered layer
has a higher  refractive index than a refractive index of any of the
adjacent optical element and an adjacent even-numbered 15 layer.
Moreover, the first to the n-th layers have the  anti-reflection
function as a whole. A seventh aspect of the present invention
provides  the optical element according to the fourth aspect, in
which the multilayer film includes n layers (n is an 20 integer) ,
and when the layers are defined sequentially as  a first layer, a
second layer, and so forth to an n-th layer  being the outermost
layer, an odd-numbered layer has a  lower refractive index than a
refractive index of any of  the adjacent optical element and an
adjacent even-numbered 25 layer. Moreover, the first to the n-th
layers have the  anti-reflection function as a whole. 6 NIPF04.506
According to the optical element of any one of the fourth to seventh
aspects, the multilayer film is formed  



on the surface of the optical element, and the multilayer  film has
the protective function to protect the optical 5 element against the
liquid and the anti-reflection  function to prevent reflection of the
exposure light beam  (incident light from an exposure light source).
Therefore, it is possible to provide the stable optical  element
without being corroded by the liquid. Hence it 10 is possible to
provide the optical element which can  realize a high-performance
projection exposure apparatus  having high resolution and a large
depth of focus by use  of the liquid immersion method. An eighth
aspect of the present invention provides  15 the optical element
according to the first aspect, in which  the first anti-dissolution
member is made of at least one  selected from the group consisting of
MgF2, LaF3, SrF2, YF3,  LuF3, HfF4, NdF3, GdF31 YbF3, DyF3, A1F3,
Na3AlF6, 5NaF- 3AlF3,  A1203, Si02, Ti02, MgO, Hf02, Cr203, Zr02,
Ta205, and Nb205. 20 According to the optical element of the eighth
aspect,  it is possible to select the anti-dissolution member to  be
formed on the optical element. Therefore, it is  possible to select
the most appropriate anti-dissolution  member based on the material
of the optical element, the 25 environment where the optical element
is placed, the type  of the liquid used for soaking the optical
element, and  7 NIPF04.505  the like. A ninth aspect of the present
invention provides the  



optical element according to the fourth aspect, in which  the
multilayer film includes n layers (n is an integer) 5 and has a layer
structure, which is expressed as first  layer/ second layer/ other
successive layers / n-th layer,  of one selected from the group
consisting of (i) LaF3/MgF2,  (ii) MgF2/SiO2, (iii) MgF2/SiO2/SiO2,
(iv) LaF3/MgF2/SiO2,  (v) LaF3/MgF2/Al2O3, (vi) LaF3/MgF2/Al2O3/SiO2,
(vii) 10 LaF3/MgF2/LaF3/MgF2, (viii) LaF3/MgF2/LaF3/SiO2, (ix)
LaF3/MgF2/LaF3/MgF2/SiO2, and (x)  LaF3/MgF2/LaF3/Al2O3/SiO2 .
According to the optical element of the ninth aspect,  the multilayer
film has the protective function for a given  15 time period, and is
therefore capable of protecting the optical element against water as
the immersion liquid for  ten years, for example. Hence it is
possible to provide  the optical element which can realize a
high-performance  projection exposure apparatus having high
resolution and 20 a large depth of focus by use of the liquid
immersion method.  At the same time, it is possible to provide the
stable  optical element without causing corrosion by the liquid  for
the given time period. A tenth aspect of the present invention
provides the  25 optical element according to the first aspect, in
which  the first anti-dissolution member is formed by at least  8
NIPF04-505  one film forming method selected from the group
consisting  of a vacuum vapor deposition method, an ion beam assisted



vapor deposition method, a gas cluster ion beam assisted  vapor
deposition method, an ion plating method, an ion beam 5 sputtering
method, a magnetron sputtering method, a bias  sputtering method, an
electron cyclotron resonance (ECR)  sputtering method, a radio
frequency (RF) sputtering  method, a thermal chemical vapor
deposition (thermal CVD)  method, a plasma enhanced CVD method, and a
photo CVD  10 method. According to the optical element of the tenth
aspect,  it is possible to select the film forming method when
forming the anti-dissolution member on the optical element.
Therefore, it is possible to form the anti-dissolution 15 member in
the optimal condition on the optical element by  selecting the most
appropriate film forming method for the  material of the
anti-dissolution member. An eleventh aspect of the present invention
provides  the optical element according to the first aspect, in which
20 the first anti-dissolution member includes a film made of  an
oxide formed by a wet film forming method. According to the optical
element of the eleventh  aspect, the oxide anti-dissolution film for
preventing  dissolution to the liquid is formed on the surface of the
25 transmissive optical element on the substrate's side of  the
projection optical system by use of the wet film  9 NIPF04-505
forming method characterized by high homogeneity and a  high filling
performance relative to voids. Therefore,  



it is possible to prevent infiltration to and corrosion  of the
transmissive optical element by the given liquid 5 interposed between
the surface of the substrate and the  projection optical system, and
thereby to maintain the  optical performance of the projection
optical system. As  a result, when this transmissive optical element
is  applied to the exposure apparatus of the liquid immersion 10
type, it is possible to avoid dissolution of the  transmissive
optical element in the liquid and thereby to  maintain the
performance of the exposure apparatus. In  addition, it is not
necessary to replace the transmissive  optical element frequently.
Therefore, it is possible to 15 maintain high throughput of the
exposure apparatus.  Here, when the transmissive optical element is
made  of calcium fluoride having a smoothly polished surface,  it is
preferable to subject the transmissive optical  element to a surface
treatment for increasing the surface 20 area of the transmissive
optical element by roughening the  surface of the transmissive
optical element to the extent  not to degrade the optical performance
of the projection  optical system in order to enhance adhesion
between the  transmissive optical element and the oxide  25
anti-dissolution film. A twelfth aspect of the present invention
provides  10 NIPF04-505  the optical element according to the fourth
aspect, in  which the multilayer film includes a first film formed by



a dry film forming method and a second film made of an oxide  formed
by a wet film forming method. 5 According to the optical element of
the twelfth  aspect, the first film is formed on the surface of the
transmissive optical element on the substrate's side of  the
projection optical system by use of the dry film  forming method, and
the oxide film serving as the second 10 film is formed on a surface
of the first film thus formed  by use of the wet film forming method.
Therefore, even  when the transmissive optical element is made of
calcium  fluoride having a smoothly polished surface, it is  possible
to attach the first film firmly to the 15 transmissive optical
element as the first film is formed  by the dry film forming method.
Meanwhile, it is possible  to allow the first film to function as an
adhesion  reinforcing film to achieve firm attachment of the
transmissive optical element to the second film. 20 Moreover, the
second film is formed by use of the  wet film forming method
characterized by high homogeneity  and a high filling performance
relative to voids.  Accordingly, voids on the first film are
eliminated by  penetration of the second film. Therefore, it is
possible 25 to prevent infiltration to and corrosion of the
transmissive optical element by the given liquid  11 NIPF04-505
interposed between the surface of the substrate and the  projection
optical system, and thereby to maintain the  



optical performance of the projection optical system. As  a result,
when this transmissive optical element is 5 applied to the exposure
apparatus of the liquid immersion  type, it is possible to avoid
dissolution of the  transmissive optical element in the liquid
because the  first film and the second film are not detached from the
transmissive optical element. In this way, it is possible 10 to
maintain the performance of the exposure apparatus. In  addition, it
is not necessary to replace the transmissive  optical element
frequently. Therefore, it is possible to  maintain high throughput of
the exposure apparatus. A thirteenth aspect of the present invention
15 provides the optical element according to the fourth  aspect, in
which the multilayer film at least includes a  Si02 film formed by a
wet film forming method as the  outermost layer. According to the
optical element of the thirteenth  20 aspect, the film on the
outermost layer has the protective  function for a given time period,
and is therefore capable  of protecting the optical element against
water as the  immersion liquid for ten years, for example. Hence it
is  possible to provide the optical element which can realize 25 a
high-performance projection exposure apparatus having  high
resolution and a large depth of focus by use of the  12 NIPrO4-505
liquid immersion method. At the same time, it is possible  to provide
the stable optical element without being  



corroded by the liquid for the given time period. A fourteenth aspect
of the present invention  5 provides the optical element according to
the thirteenth  aspect, which further includes a Si02 film formed by
a dry  film forming method to be provided on the optical element's
side of the Si02 film formed by the wet film forming method.
According to the optical element of the fourteenth  10 aspect,
bonding power between the silicon dioxide film  formed by the dry
film forming method and the silicon  dioxide film formed by the wet
film forming method is  strengthened, and it is thereby possible to
attach the both  films more firmly. As a result, when this
transmissive 15 optical element is applied to the exposure apparatus
of  the liquid immersion type, it is possible to avoid  separation of
the both films and to avoid dissolution of  the transmissive optical
element in the liquid. In this  way, it is possible to maintain the
performance of the 20 exposure apparatus. In addition, it is not
necessary to  replace the transmissive optical element frequently.
Therefore, it is possible to maintain high throughput of  the
exposure apparatus. A fifteenth aspect of the present invention
provides  25 the optical element according to the first aspect, in
which  the first anti-dissolution member includes a thin plate  13
NIPF04-505  having a protective function to protect the optical
element against the liquid and an anti-reflection function  



to prevent reflection of the exposure light beam. Here,  the thin
plate is detachably joined to a surface of the  5 optical element. A
sixteenth aspect of the present invention provides  the optical
element according to the fifteenth aspect, in  which the thin plate
is joined to the surface of the optical  element by optical contact,
and mean reflectance of the 10 thin plate is equal to or below 2%
when an exit angle of  the exposure light beam is set to 50 degrees.
A seventeenth aspect of the present invention  provides the optical
element according to the fifteenth  aspect, in which the thin plate
is made of at least one 15 selected from the group consisting of a
fluoride, an oxide,  and a resin. An eighteenth aspect of the present
invention  provides the optical element according to the fifteenth
aspect, in which the thin plate is at least one selected 20 from the
group consisting of a fused silica thin plate,  a magnesium fluoride
thin plate, a calcium fluoride thin  plate, and a
polytetrafluoroethylene thin plate. According to the optical element
of any one of the  fifteenth to eighteenth aspects, the thin plate
having the  25 protective function to protect the surface of the
optical element against the liquid and the function to prevent  14
NIPI+04 505  reflection of the exposure light beam is joined to the
surface of the optical element, and this optical member  



used therein is detachable without damaging the surface  condition of
the optical element. Therefore, it is 5 possible to provide the
stable optical member without  being corroded by the liquid. Hence it
is possible to  provide the optical member which can realize a
high-performance projection exposure apparatus having  high
resolution and a large depth of focus by use of the 10 liquid
immersion method. Moreover, when the thin plate  is joined to the
optical element by the optical contact,  it is possible to further
enhance the protective function  against the liquid. A nineteenth
aspect of the present invention  15 provides the optical element
according to the first aspect,  which further includes a second
anti-dissolution member  on a side surface of the transmissive
optical element on  the substrate's side of the projection optical
system. According to the optical element of the nineteenth  20
aspect, the second anti-dissolution member is formed on  the surface
(a tip surface) on the substrate's side of the  optical element and
on the side surface (a tapered surface)  of the optical element, or
in other words, at portions  where the exposure light beam does not
pass through. 25 Therefore, it is possible to prevent dissolution of
the  optical element from the surface on the substrate's side  15
NIPF04-505  and to prevent dissolution of the optical element from
the  side surface as well. In this way, it is possible to  



maintain the optical performance of the projection optical  system. 5
A twentieth aspect of the present invention provides  the optical
element according to the nineteenth aspect,  in which each of the
first anti-dissolution member and the  second anti-dissolution member
includes a film that is  formed by use of an identical material. 10
According to the optical element of the twentieth  aspect, it is
possible to form the anti-dissolution films  on the surface on the
substrate's side of the optical  element and on the side surface of
the optical element at  the same time. Therefore, it is possible to
form the  15 anti-dissolution films by a simple process. A
twenty-first aspect of the present invention  provides the optical
element according to the twentieth  aspect, in which the film formed
by use of the identical  material is formed by a wet film forming
method. 20 According to the optical element of the twenty-first
aspect, it is possible to form the anti-dissolution films  on the
surface on the substrate's side of the optical  element and on the
side surface of the optical element at  the same time. Therefore, it
is possible to protect the  25 substrate without generating any gaps.
A twenty-second aspect of the present invention  16 NIPF04-505
provides the optical element according to the twentieth  aspect, in
which the identical material is any of MgF2 and  



Si02. According to the optical element of the  5 twenty-second
aspect, it is possible to protect the  substrate because the
identical material is either MgF2  or the Si02. A twenty-third aspect
of the present invention  provides the optical element according to
the nineteenth  10 aspect, in which the first anti-dissolution member
includes a hydrophilic anti-dissolution film, and the  second
anti-dissolution member includes a hydrophobic  anti-dissolution
film. Here, the anti-dissolution film formed on the side  15 surface
of the optical element is the anti-dissolution  film having an
excellent hydrophobic performance as  compared to the
anti-dissolution film formed on the  surface on the substrate's side
of the optical element,  while the anti-dissolution film formed on
the surface on 20 the substrate's side of the optical element is the
anti-dissolution film having an excellent hydrophilic  performance as
compared to the anti-dissolution film  formed on the side surface of
the optical element. According to the optical element of the
twenty-third  25 aspect, it is possible to guide the liquid attached
to the  side surface of the optical element easily to the  17
NIPF04-505  substrate's side because the anti-dissolution film formed
on the side surface of the optical element is the  



hydrophobic anti-dissolution film. Moreover, it is  possible to fill
the space between the surface on the 5 substrate's side of the
optical element and the substrate  constantly with the liquid because
the anti-dissolution  film formed on the surface on the substrate's
side of the  optical element is the hydrophilic anti-dissolution
film. A twenty-fourth aspect of the present invention  10 provides
the optical element according to the nineteenth  aspect, in which the
second anti-dissolution member  includes a metal anti-dissolution
film having a protective  function to protect the optical element
against the  liquid. 15 According to the optical element of the
twenty-fourth aspect, the side surface (the tapered  surface) of the
transmissive optical element on the  substrate's side of the
projection optical system is  provided with the metal
anti-dissolution film, which is 20 insoluble to the given liquid
interposed between the  surface of the substrate and the projection
optical system.  Therefore, it is possible to prevent infiltration to
and  corrosion of the transmissive optical element by the  liquid and
thereby to maintain the optical performance of 25 the projection
optical system. As a result, when this  transmissive optical element
is applied to the exposure  18 NIPF04-505  apparatus of the liquid
immersion type, it is possible to  maintain the performance of the
exposure apparatus because  



the transmissive optical element does not dissolve in the  liquid. In
addition, it is not necessary to replace the 5 transmissive optical
element frequently. Therefore, it  is possible to maintain high
throughput of the exposure  apparatus. A twenty-fifth aspect of the
present invention  provides the optical element according to the  10
twenty-fourth aspect, in which the second anti-dissolution member
further includes an adhesion  reinforcing film formed between the
side surface of the  optical element and the metal anti-dissolution
film. According to the optical element of the twenty-fifth  15
aspect, the metal anti-dissolution film is formed on the  surface of
the adhesion reinforcing film formed on the side  surface of the
transmissive optical element on the  substrate's side of the
projection optical system, and it  is possible to attach the metal
anti-dissolution film 20 closely to the transmissive optical element.
Therefore,  it is possible to prevent infiltration to and corrosion
of the transmissive optical element by the given liquid  interposed
between the surface of the substrate and the  projection optical
system, and thereby to maintain the 25 optical performance of the
projection optical system.  Moreover, when this transmissive optical
element is  19 NIPF04-505  applied to the exposure apparatus of the
liquid immersion  type, it is possible to maintain the performance of
the  



exposure apparatus because the metal anti-dissolution  film is not
detached from the transmissive optical element 5 and the transmissive
optical element does not dissolve in  the liquid. In addition, it is
not necessary to replace  the transmissive optical element
frequently. Therefore,  it is possible to maintain high throughput of
the exposure  apparatus. 10 A twenty-sixth aspect of the present
invention  provides the optical element according to the
twenty-fourth aspect, in which the second  anti-dissolution member
further includes a protective  film for the metal anti-dissolution
film. Here, the 15 protective film is formed on a surface of the
metal  anti-dissolution film. According to the optical element of the
twenty-sixth  aspect, the protective film for the metal
anti-dissolution  film is formed on the surface of the metal
anti-dissolution 20 film formed on the side surface of the
transmissive optical  element on the substrate's side of the
projection optical  system, and it is possible to prevent damage on
the soft  metal anti-dissolution film having low abrasion  resistance
and thereby to protect the metal 25 anti-dissolution film. Therefore,
it is possible to  prevent infiltration to and corrosion of the
transmissive  20 NIPFO4.505  optical element by the given liquid
interposed between the  surface of the substrate and the projection
optical system,  



and thereby to maintain the optical performance of the  projection
optical system. Moreover, when this 5 transmissive optical element is
applied to the exposure  apparatus of the liquid immersion type, it
is possible to  maintain the performance of the exposure apparatus
because  the transmissive optical element does not dissolve in the
liquid. In addition, it is not necessary to replace the 10
transmissive optical element frequently. Therefore, it  is possible
to maintain high throughput of the exposure  apparatus. A
twenty-seventh aspect of the present invention  provides the optical
element according to the  15 twenty-fourth aspect, in which the metal
anti-dissolution film has solubility in water equal to or below 2 ppt
and  packing density equal to or above 95%. According to the optical
element of the  twenty-seventh aspect, the anti-dissolution film
having  20 the solubility in water equal to or below 2 ppt is formed
on the side surface of the transmissive optical element  on the
substrate's side of the projection optical system,  and it is
possible to maintain the optical performance of  the projection
optical system without causing dissolution 25 of the transmissive
optical element to the given liquid  interposed between the surface
of the substrate and the  21 NIPF04-505  projection optical system.
Moreover, since the  anti-dissolution film having the packing density
equal to  



or above 95% is formed on the side surface of the  transmissive
optical element on the substrate's side of 5 the projection optical
system, it is possible to prevent  infiltration to and corrosion of
the transmissive optical  element by the liquid, and thereby to
maintain the optical  performance of the projection optical system.
Therefore,  when this transmissive optical element is applied to the
10 exposure apparatus of the liquid immersion type, it is  possible
to maintain the performance of the exposure  apparatus because the
transmissive optical element does  not dissolve in the liquid. In
addition, it is not  necessary to replace the transmissive optical
element 15 frequently. Therefore, it is possible to maintain high
throughput of the exposure apparatus. A twenty-eighth aspect of the
present invention  provides the optical element according to the
twenty-fourth aspect, in which the metal anti-dissolution 20 film is
made of at least one selected from the group  consisting of Au, Pt,
Ag, Ni, Ta, W, Pd, Mo, Ti, and Cr.  According to the optical element
of the twenty-eighth aspect, the metal anti-dissolution film
constructed as the film made of at least one of Au, Pt,  25 Ag, Ni,
Ta, W, Pd, Mo, Ti, and Cr is formed on the side surface (the tapered
surface) of the transmissive optical  22 NIPF04.505  element on the
substrate's side of the projection optical  system, or in other
words, at a portion where the exposure  



light beam does not pass through. Therefore, even when  this
transmissive optical element is applied to the 5 exposure apparatus
of the liquid immersion type, it is  possible to continue exposure in
the optimal condition  without shielding the exposure light beam by
the metal  anti-dissolution film. A twenty-ninth aspect of the
present invention  10 provides the optical element according to the
twenty-fifth  aspect, in which the adhesion reinforcing film is made
of  at least one selected from the group consisting of Ta and  Cr.
According to the optical element of the twenty-ninth  15 aspect, the
adhesion reinforcing film constructed as the  film made of at least
one of Ta and Cr is formed between  the transmissive optical element
and the anti-dissolution  film. Therefore, it is possible to improve
adhesion  between the side surface of the transmissive optical 20
element and the anti-dissolution film. As a result, when  this
transmissive optical element is applied to the  exposure apparatus of
the liquid immersion type, it is  possible to avoid detachment of the
anti-dissolution film  from the transmissive optical element and to
avoid 25 dissolution of the transmissive optical element in the
liquid. In this way, it is possible to maintain the  23 NIPF04.505
performance of the exposure apparatus. In addition, it  is not
necessary to replace the transmissive optical  



element frequently. Therefore, it is possible to  maintain high
throughput of the exposure apparatus. 5 A thirtieth aspect of the
present invention provides  the optical element according to the
twenty-sixth aspect,  in which the protective film for the metal
anti-dissolution film is made of at least one selected from  the
group consisting of Si02, Y203, Nd2F3, Cr203, Ta205, Nb205,  10 Ti02,
Zr02, Hf02, and La203. According to the optical element of the
thirtieth  aspect, it is possible to select the protective film for
the metal anti-dissolution film to be formed on the surface  of the
metal anti-dissolution film that is formed on the 15 transmissive
optical element. Therefore, it is possible  to select the most
appropriate protective film for the  metal anti-dissolution film
based on the material of the  transmissive optical element, the
environment where the  transmissive optical element is placed, the
type of the 20 given liquid to be interposed between the surface of
the  substrate and the projection optical system, and the like.  A
thirty-first aspect of the present invention provides the optical
element according to the nineteenth  aspect, in which the second
anti-dissolution member  25 includes a light-shielding film. A
thirty-second aspect of the present invention  24 NIPF04.505
provides the optical element according to the thirty-first  aspect,
in which the light-shielding film is formed of any  



of a metal film and a metal oxide film. A thirty-third aspect of the
present invention  5 provides the optical element according to the
thirty-second aspect, in which the metal film is made of  at least
one selected from the group consisting of Au, Pt,  Ag, Ni, Ta, W, Pd,
Mo, Ti, and Cr, and the metal oxide film  is made of at least one
selected from the group consisting  10 of Zr02, Hf02, Ti02, Ta205,
SiO, and Cr203. According to the optical element of any one of the
thirty-first to thirty-third aspects, it is possible to  prevent
irradiation of the exposure light beam and  reflected light of the
exposure light beam from a wafer 15 onto a sealing member formed in a
peripheral portion of  the side surface (the tapered surface) of the
transmissive  optical element on the substrate's side of the
projection  optical system by use of the light-shielding film. In
this  way, it is possible to prevent deterioration of the sealing  20
member. A thirty-fourth aspect of the present invention  provides the
optical element according to the first aspect,  which further
includes an optical member joined to a  surface of the optical
element by optical contact through  25 the first anti-dissolution
member. According to the optical element of the  25 NIPF04-505
thirty-fourth aspect, the optical member optically  contacts the
optical element through the first  



anti-dissolution member. Therefore, it is possible to  attach the
optical member firmly even to the optical 5 element applying a
fluoride material as the base material  due to the presence of the
appropriate anti-dissolution  member. As a result, it is possible to
protect the optical  element by use of the optical member, and
thereby to  maintain a performance of an optical system incorporating
10 the optical element over a long period of time. A thirty-fifth
aspect. of the present invention  provides the optical element
according to the  thirty-fourth aspect, in which the first
anti-dissolution  member is a film made of Si02, and the optical
member is  15 a member made of silica glass. According to the optical
element of the thirty-fifth  aspect, a surface of the first
anti-dissolution member  used for the optical contact is made of
silicon dioxide.  Therefore, it is possible to enhance bonding
strength to 20 the optical member by use of a hydroxyl group in the
silicon  dioxide surface. Meanwhile, it is possible to form the
silicon dioxide film at high controllability and thereby  to achieve
high film quality. Moreover, the optical  member made of silica glass
can achieve particularly 25 excellent water resistance and bonding
strength, and  favorable transmission of ultraviolet light and the
like.  26 NIPF04-505  A thirty-sixth aspect of the present invention
provides the optical element according to the first aspect,  



in which the exposure light beam is an ArF laser beam, the  optical
element is an element made of calcium fluoride, 5 and crystal
orientation of the surface of the optical  element is defined as a
(111) plane. According to the optical element of the thirty-sixth
aspect, the optical element is applied to the exposure  apparatus
configured to emit the ArF laser beam as the 10 exposure light beam.
Therefore, it is possible to achieve  a high resolution performance.
Moreover, the optical  element is made of calcium fluoride and is
therefore  applicable to a laser having a short wavelength such as
the ArF laser. Meanwhile, when the optical element is made 15 of
calcium fluoride, the optical element can achieve a  favorable
transmission performance of ultraviolet light  and fine durability
against the ultraviolet light and the  like. In addition, the
anti-dissolution film to be formed  thereon, or lanthanum fluoride in
particular, is subjected 20 to heteroepitaxial growth when the film
is formed on a film  forming surface of calcium fluoride having the
crystal  orientation of the (111) plane. Therefore, the
anti-dissolution film formed thereon becomes extremely  dense and
achieves a crystalline structure with very few  25 defects. A
thirty-seventh aspect of the present invention  27 NIPF04-505
provides an optical element to be used for an exposure  apparatus,
which is configured to illuminate a mask with  



an exposure light beam for transferring a pattern on the  mask onto a
substrate through a projection optical system 5 and to interpose a
given liquid in a space between a surface  of the substrate and the
projection optical system. Here,  the optical element includes a
light-shielding film  provided on a side surface of a transmissive
optical  element on the substrate's side of the projection optical
10 system. A thirty-eighth aspect of the present invention  provides
the optical element according to the  thirty-seventh aspect, in which
the light-shielding film  is formed of any of a metal film and a
metal oxide film. 15 A thirty-ninth aspect of the present invention
provides the optical element according to the  thirty-eighth aspect,
in which the metal film is made of  at least one selected from the
group consisting of Au, Pt,  Ag, Ni, Ta, W, Pd, Mo, Ti, and Cr, and
the metal oxide film 20 is made of at least one selected from the
group consisting  of Zr02, Hf02, Ti02, Ta205, Sio, and Cr203.
According to the optical element of any one of the  thirty-seventh to
thirty-ninth aspects, it is possible to  prevent irradiation of the
exposure light beam and 25 reflected light of the exposure light beam
from a wafer  onto the sealing member formed in the peripheral
portion  28 NIPP04-505  of the side surface (the tapered surface) of
the  transmissive optical element on the substrate's side of  



the projection optical system by use of the  light-shielding film. In
this way, it is possible to  5 prevent deterioration of the sealing
member. A fortieth aspect of the present invention provides  an
exposure apparatus configured to illuminate a mask with  an exposure
light beam for transferring a pattern on the  mask onto a substrate
through a projection optical system 10 and to interpose a given
liquid in a space between a surface  of the substrate and the
projection optical system. Here,  the exposure apparatus includes a
first anti-dissolution  member provided on a surface of a
transmissive optical  element on the substrate's side of the
projection optical  15 system. According to the exposure apparatus of
the fortieth  aspect, the first anti-dissolution member is formed on
the  surface (a tip surface) of the optical element. Therefore,  the
optical element does not dissolve in the liquid filling 20 the space
between the tip portion of the projection optical  system and the
substrate. Accordingly, it is possible to  avoid frequent replacement
of the optical element, and  thereby to maintain high throughput of
the exposure  apparatus. In addition, since the optical element does
25 not dissolve in the liquid, it is possible to maintain an  optical
performance of the projection optical system and  29 NIPF04-505  to
continue exposure in the optimal condition. A forty-first aspect of
the present invention  



provides the exposure apparatus according to the fortieth  aspect, in
which the first anti-dissolution member 5 includes a single-layer
film having a protective function  to protect the optical element
against the liquid.  According to the exposure apparatus of the
forty-first aspect, it is possible to reduce an interface  in
comparison with a multilayer film. Therefore, it is  10 possible to
minimize an adverse effect of a chemical reaction which is apt to
occur when the liquid infiltrates  into an interface of a protective
layer serving as an  anti-dissolution film. Moreover, it is easier to
form the  film as compared to formation of the anti-dissolution film
15 including the multilayer film. A forty-second aspect of the
present invention  provides the exposure apparatus according to the
fortieth  aspect, in which the first anti-dissolution member
includes a multilayer film having a protective function 20 to protect
the optical element against the liquid and an  anti-reflection
function to prevent reflection of the  exposure light beam. According
to the exposure apparatus of the  forty-second aspect, the tip of the
optical element is not  25 corroded by the liquid. Therefore, it is
not necessary to stop operation of the apparatus in order to replace
the  30 NIPF04.505  corroded optical element, and it is thereby
possible to  manufacture end products efficiently. Moreover, since  



the optical element of the present invention has corrosion
resistance and a stable optical characteristic, it is 5 possible to
stabilize the quality of end products to be  manufactured by use of
the exposure apparatus embedding  the optical element of the present
invention. A forty-third aspect of the present invention  provides
the exposure apparatus according to the fortieth  10 aspect, in which
the first anti-dissolution member is made of at least one selected
from the group consisting of MgF2,  LaF3, SrF2, YF3, LuF3, HfF4,
NdF3, GdF3, YbF3, DyF3, AlF3,  Na3AlFy, SNaF3A1F3, A1203, Si02, TiO2,
MgO, HfO2, Cr2031 Zr021  Ta205, and Nb205. 15 According to the
exposure apparatus of the  forty-third aspect, it is possible to
select the  anti-dissolution member to be formed on the optical
element. Therefore, it is possible to select the most  appropriate
anti-dissolution member based on the material 20 of the optical
element, the environment where the optical  element is placed, the
type of the liquid used for filling  the space between the projection
optical system and the  substrate, and the like. A forty-fourth
aspect of the present invention  25 provides the exposure apparatus
according to the  forty-second aspect, in which the multilayer film
includes  31 NIPF04-505  n layers (n is an integer) and has a layer
structure, which  is expressed as first layer/ second layer/ other  



successive layers / n-th layer, of one selected from the  group
consisting of (i) LaF3/MgF2, (ii) MgF2/SiO2, (iii) 5 MgF2/SiO2/SiO2,
(iv) LaF3/MgF2/SiO2, (v) LaF3/MgF2/Al2O3,  (vi) LaF3/MgF2/A1203/Si02,
(vii) LaF3/MgF2/LaF3/MgF2,  (viii) LaF3/MgF2/LaF3/Si02, (ix)
LaF3/MgF2/LaF3/MgF2/SiO2,  and (x) LaF3/MgF2/LaF3/Al203/Si02.
According to the exposure apparatus of the  10 forty-fourth aspect,
the multilayer film has the  protective function for a given time
period, and is  therefore capable of protecting the optical element
against water as the immersion liquid for ten years, for  example.
Hence it is possible to provide the 15 high-performance exposure
apparatus having high  resolution and a large depth of focus by use
of the liquid  immersion method. At the same time, it is possible to
provide the stable exposure apparatus having the stable  optical
characteristic without being corroded by the  20 liquid for the given
time period. A forty-fifth aspect of the present invention  provides
the exposure apparatus according to the fortieth  aspect, in which
the first anti-dissolution member  includes a film made of an oxide
formed by a wet film forming  25 method. According to the exposure
apparatus of the  32 NIPF04.505  forty-fifth aspect, the
anti-dissolution oxide film for  preventing dissolution to the liquid
is formed on the  



surface of the transmissive optical element on the  substrate's side
of the projection optical system by use 5 of the wet film forming
method characterized by high  homogeneity and a high filling
performance relative to  voids. Therefore, it is possible to prevent
infiltration  to and corrosion of the transmissive optical element by
the given liquid interposed between the surface of the 10 substrate
and the projection optical system, and thereby  to maintain the
optical performance of the projection  optical system. As a result,
it is possible to avoid  dissolution of the transmissive optical
element in the  liquid and thereby to maintain the performance of the
15 exposure apparatus. In addition, it is not necessary to  replace
the transmissive optical element frequently.  Therefore, it is
possible to maintain high throughput of  the exposure apparatus.
Here, when the transmissive optical element is made  20 of calcium
fluoride having a smoothly polished surface,  it is preferable to
subject the transmissive optical  element to a surface treatment for
increasing the surface  area of the transmissive optical element by
roughening the  surface of the transmissive optical element to the
extent 25 not to degrade the optical performance of the projection
optical system in order to enhance adhesion between the  33
NIPF04.505  transmissive optical element and the anti-dissolution
oxide film. 



A forty-sixth aspect of the present invention  provides the exposure
apparatus according to the  5 forty-second aspect, in which the
multilayer film includes a first film formed by a dry film forming
method and a second  film made of an oxide formed by a wet film
forming method.  According to the exposure apparatus of the
forty-sixth aspect, the first film and the second film  10 formed on
the transmissive optical element on the  substrate's side of the
projection optical system are not  detached from the transmissive
optical element. Moreover,  the transmissive optical element does not
dissolve in the  liquid filling the space between the tip portion of
the 15 projection optical system and the substrate. Hence it is
possible to maintain the optical performance of the  projection
optical system and to continue exposure in the  optimal condition. In
addition, it is not necessary to  replace the transmissive optical
element frequently. 20 Therefore, it is possible to maintain high
throughput of  the exposure apparatus. A forty-seventh aspect of the
present invention  provides the exposure apparatus according to the
fortieth  aspect, in which the first anti-dissolution member 25
includes a thin plate having a protective function to  protect the
optical element against the liquid and an  34 NIPF04-505
anti-reflection function to prevent reflection of the  exposure light
beam. Here, the thin plate is detachably  



joined to a surface of the optical element. According to the exposure
apparatus of the  5 forty-seventh aspect, the tip of the optical
element is  not corroded by the liquid. Therefore, it is not
necessary  to stop operation of the exposure apparatus in order to
replace the corroded optical element, and it is thereby  possible to
manufacture end products efficiently. 10 Moreover, since the optical
element of the present  invention has the corrosion resistance and
the stable  optical characteristic, it is possible to stabilize the
quality of end products to be manufactured by use of the  exposure
apparatus embedding the optical element of the  15 present invention.
A forty-eighth aspect of the present invention  provides the exposure
apparatus according to the fortieth  aspect, which further includes a
second anti-dissolution  member on a side surface of the transmissive
optical 20 element on the substrate's side of the projection optical
system. According to the exposure apparatus of the  forty-eighth
aspect, the second anti-dissolution member  is formed on the surface
(a tip surface) on the substrate's 25 side of the optical element and
on the side surface (a  tapered surface) of the optical element, or
in other words,  35 NIPF04-505  at portions where the exposure light
beam does not pass  through. Therefore, it is possible to prevent  



dissolution of the optical element in the liquid filling  the space
between the tip portion of the projection optical 5 system and the
substrate. Hence it is not necessary to  replace the optical element
frequently, and it is possible  to maintain high throughput of the
exposure apparatus. In  addition, since the optical element does not
dissolve in  the liquid, it is possible to maintain the optical 10
performance of the projection optical system and to  continue
exposure in the optimal condition. A forty-ninth aspect of the
present invention  provides the exposure apparatus according to the
forty-eighth aspect, in which each. of the first 15 anti-dissolution
member and the second anti-dissolution  member includes a film that
is formed by use of an identical  material. According to the exposure
apparatus of the  forty-ninth aspect, it is possible to form the  20
anti-dissolution films on the surface on the substrate's side of the
optical element and on the side surface of the  optical element at
the same time. Therefore, it is  possible to form the
anti-dissolution films by a simple  process. 25 A fiftieth aspect of
the present invention provides  the exposure apparatus according to
the forty-eighth  36 NIPF04 505  aspect, in which the second
anti-dissolution member  includes a metal anti-dissolution film
having a protective  



function to protect the optical element against the  liquid. 5
According to the exposure apparatus of the fiftieth  aspect, the side
surface of the transmissive optical  element on the substrate's side
of the projection optical  system is provided with the metal
anti-dissolution film,  which is insoluble to the given liquid
interposed between 10 the surface of the substrate and the projection
optical  system. Therefore, it is possible to prevent  infiltration
to and corrosion of the transmissive optical  element by the liquid
and thereby to maintain the optical  performance of the projection
optical system. As a result, 15 it is possible to avoid dissolution
of the transmissive  optical element in the liquid and thereby to
maintain the  performance of the exposure apparatus. In addition, it
is not necessary to replace the transmissive optical  element
frequently. Therefore, it is possible to 20 maintain high throughput
of the exposure apparatus. A fifty-first aspect of the present
invention  provides the exposure apparatus according to the fiftieth
aspect, in which the second anti-dissolution member  further includes
an adhesion reinforcing film formed 25 between the side surface of
the optical element and the  metal anti-dissolution film. 37
ATIPF04.505  According to the exposure apparatus of the fifty-first
aspect, the metal anti-dissolution film is  



formed on the surface of the adhesion reinforcing film  formed on the
side surface of the transmissive optical 5 element on the substrate's
side of the projection optical  system, and it is possible to attach
the metal  anti-dissolution film closely to the transmissive optical
element. Therefore, it is possible to prevent  infiltration to and
corrosion of the transmissive optical 10 element by the given liquid
interposed between the surface  of the substrate and the projection
optical system, and  thereby to maintain the optical performance of
the  projection optical system. Moreover, it is possible to  maintain
the performance of the exposure apparatus because 15 the metal
anti-dissolution film is not detached from the  transmissive optical
element and the transmissive optical  element does not dissolve in
the liquid. In addition, it  is not necessary to replace the
transmissive optical  element frequently. Therefore, it is possible
to 20 maintain high throughput of the exposure apparatus. A
fifty-second aspect of the present invention  provides the exposure
apparatus according to the fiftieth  aspect, in which the second
anti-dissolution member  further includes a protective film for the
metal 25 anti-dissolution film. Here, the protective film is  formed
on a surface of the metal anti-dissolution film.  38 NIPF04-505
According to the exposure apparatus of the fifty-second aspect, the
protective film for the metal  



anti-dissolution film is formed on the surface of the metal
anti-dissolution film formed on the side surface of the 5
transmissive optical element on the substrate's side of  the
projection optical system, and it is possible to  prevent damage on
the soft metal anti-dissolution film  having low abrasion resistance
and thereby to protect the  metal anti-dissolution film. Therefore,
it is possible 10 to prevent infiltration to and corrosion of the
transmissive optical element by the given liquid  interposed between
the surface of the substrate and the  projection optical system, and
thereby to maintain the  optical performance of the projection
optical system. 15 Moreover, it is possible to maintain the
performance of  the exposure apparatus because the transmissive
optical  element does not dissolve in the liquid. In addition, it  is
not necessary to replace the transmissive optical  element
frequently. Therefore, it is possible to 20 maintain high throughput
of the exposure apparatus. A fifty-third aspect of the present
invention  provides the exposure apparatus according to the fiftieth
aspect, in which the metal anti-dissolution film is made  of at least
one selected from the group consisting of Au,  25 Pt, Ag, Ni, Ta, W,
Pd, Mo, Ti, and Cr. According to the exposure apparatus of the  39
NIPF04-505  fifty-third aspect, the metal anti-dissolution film
constructed as the film made of at least one of Au, Pt,  



Ag, Ni, Ta, W, Pd, Mo, Ti, and Cr is formed on the side  surface (the
tapered surface) of the transmissive optical 5 element on the
substrate's side of the projection optical  system, or in other
words, at a portion where the exposure  light beam does not pass
through. Therefore, it is  possible to continue exposure in the
optimal condition  without shielding the exposure light beam by the
metal  10 anti-dissolution film. A fifty-fourth aspect of the present
invention  provides the exposure apparatus according to the
fifty-second aspect, in which the protective film for the  metal
anti-dissolution film is made of at least one 15 selected from the
group consisting of Si02, Y2031 Nd2F3,  Cr203, Ta205, Nb2051 Ti02,
Zr02, Hf02, and La203.  According to the exposure apparatus of the
fifty-fourth aspect, it is possible to select the  protective film
for the metal anti-dissolution film to be  20 formed on the surface
of the metal anti-dissolution film that is formed on the transmissive
optical element.  Therefore, it is possible to select the most
appropriate  protective film for the metal anti-dissolution film
based  on the material of the transmissive optical element, the 25
environment where the transmissive optical element is  placed, the
type of the given liquid to be interposed  40 NIPF04-505  between the
surface of the substrate and the projection  optical system, and the
like. 



A fifty-fifth aspect of the present invention  provides the exposure
apparatus according to the  5 forty-eighth aspect, in which the
second anti-dissolution  member includes a light-shielding film. A
fifty-sixth aspect of the present invention  provides the exposure
apparatus according to the  fifty-fifth aspect, in which the
light-shielding film is 10 formed of any of a metal film and a metal
oxide film.  A fifty-seventh aspect of the present invention
provides the exposure apparatus according to the  fifty-sixth aspect,
in which the metal film is made of at  least one selected from the
group consisting of Au, Pt, 15 Ag, Ni, Ta, W, Pd, Mo, Ti, and Cr, and
the metal oxide film  is made of at least one selected from the group
consisting  of Zr02, Hf02, TiO2, Ta2O5, SiO, and Cr203. According to
the exposure apparatus of any one of  the fifty-fifth to
fifty-seventh aspects, it is possible  20 to prevent irradiation of
the exposure light beam and reflected light of the exposure light
beam from a wafer  onto a sealing member formed in a peripheral
portion of  the side surface (the tapered surface) of the
transmissive  optical element on the substrate's side of the
projection 25 optical system by use of the light-shielding film. In
this  way, it is possible to prevent deterioration of the sealing  41
NIPF04-505  member. A fifty-eighth aspect of the present invention  



provides the exposure apparatus according to the fortieth  aspect,
which further includes an optical member joined 5 to a surface of the
optical element by optical contact  through the first
anti-dissolution member. According to the exposure apparatus of the
fifty-eighth aspect, the exposure apparatus applies the  projection
optical system which embeds the optical member 10 achieving excellent
optical contact. Therefore, it is  possible to perform an exposure
process of the liquid  immersion type while maintaining a high
performance for  over a long period of time. A fifty-ninth aspect of
the present invention  15 provides the exposure apparatus according
to the fortieth  aspect, in which the exposure light beam is an ArF
laser  beam, the optical element is an element made of calcium
fluoride, and crystal orientation of the surface of the  optical
element is defined as a (111) plane. 20 According to the exposure
apparatus of the  fifty-ninth aspect, the exposure apparatus
configured to  emit the ArF laser beam as the exposure light beam can
achieve a high resolution performance. Moreover, the  optical element
is made of calcium fluoride and is 25 therefore applicable to a laser
having a short wavelength  such as theArFlaser. Meanwhile, when the
optical element  42 NIPF04 505  is made of calcium fluoride, the
optical element can  achieve a favorable transmission performance of



ultraviolet light and the like and fine durability against  the
ultraviolet light and the like. In addition, the 5 anti-dissolution
film to be formed thereon, or lanthanum  fluoride in particular, is
subjected to heteroepitaxial  growth when the film is formed on a
film forming surface  of calcium fluoride having the crystal
orientation of the  (111) plane. Therefore, the anti-dissolution film
formed 10 thereon becomesextremely dense and achieves a crystalline
structure with very few defects. A sixtieth aspect of the present
invention provides  an exposure apparatus configured to illuminate a
mask with  an exposure light beam for transferring a pattern on the
15 mask onto a substrate through a projection optical system,  and to
interpose a given liquid in a space between a surface  of the
substrate and the projection optical system. Here,  the exposure
apparatus includes a light-shielding film  provided on a side surface
of a transmissive optical 20 element on the substrate's side of the
projection optical  system. A sixty-first aspect of the present
invention  provides the exposure apparatus according to the sixtieth
aspect, in which the light-shielding film is formed of any  25 of a
metal film and a metal oxide film. A sixty-second aspect of the
present invention  43 NIPF04-505  provides the exposure apparatus
according to the  sixty-first aspect, in which the metal film is made
of at  



least one selected from the group consisting of Au, Pt,  Ag, Ni, Ta,
W, Pd, Mo, T- J, and Cr, and the metal oxide film 5 is made of at
least one selected from the group consisting  of Zr02, Hf02, TiO2,
Ta205, SiO, and Cr203. According to the exposure apparatus of any one
of  the sixtieth to sixty-second aspects, it is possible to  prevent
irradiation of the exposure light beam and 10 reflected light of the
exposure light beam from a wafer  onto the sealing member formed in
the peripheral portion  of the side surface (the tapered surface) of
the  transmissive optical element on the substrate's side of  the
projection optical system by use of the 15 light-shielding film. In
this way, it is possible to  prevent deterioration of the sealing
member. Brief Description of the Drawings Fig. 1 is a view showing a
schematic configuration  20 of a projection exposure apparatus used
in Embodiment 1.  Fig. 2 is a view showing a configuration of an
optical  element of Embodiment 1. Fig. 3 is a view showing positional
relations among  a tip portion of the optical element, and exhaust
nozzles  25 as well as intake nozzles in an X direction in terms of
a projection optical system shown in Fig. 1. 44 NIPF04 505  Fig. 4 is
a view showing positional relations among the tip portion of the
optical element, and exhaust nozzles  as well as intake nozzles in a
Y direction in terms of the  



projection optical system shown in Fig. 1. 5 Fig. 5 is an enlarged
view of a substantial part in  the projection optical system shown in
Fig. 1, which  illustrates aspects of supply and recovery of a liquid
to  and from a space between the optical element in the  projection
optical system and a wafer W. 10 Fig. 6 is a view showing a
configuration of an optical  element of Embodiment 3. Fig. 7 is a
view showing a configuration of an optical  element of Embodiment 6.
Fig. 8 is a graph showing a relation between  15 reflectivity and an
exit angle in terms of the optical  element of Embodiment 6 applied
to an ArF excimer laser. Fig. 9 is a view showing a configuration of
an optical  element of Embodiment 7. Fig. 10 is a graph showing a
relation between  20 reflectivity and an exit angle in terms of the
optical  element of Embodiment 7 applied to the ArF excimer laser.
Fig. 11 is a view showing a configuration of an  optical element of
Embodiment 8. Fig. 12 is a graph showing a relation between  25
reflectivity and an exit angle in terms of the optical  element of
Embodiment 8 applied to the ArF excimer laser.  45 NIPF04-505  Fig.
13 is a graph showing a relation between reflectivity and an exit
angle 6 in terms of the optical  element of Embodiment 8 applied to
the ArF excimer laser  



when a film thickness of a second layer is reduced by half. 5 Fig. 14
is a view showing a configuration of an  optical element of
Embodiment 9. Fig. 15 is a graph showing a relation between
reflectivity and an exit angle in terms of the optical  element of
Embodiment 9 applied to the ArF excimer laser. 10 Fig. 16 is a view
showing a configuration of an  optical element of Embodiment 10. Fig.
17 is a graph showing a relation between  reflectivity and an exit
angle in terms of the optical  element of Embodiment 10 applied to
the ArF excimer laser. 15 Fig. 18 is a view showing a configuration
of an  optical element of Embodiment 11. Fig. 19 is a graph showing a
relation between  reflectivity and an exit angle in terms of the
optical  element of Embodiment 11 applied to the ArF excimer laser.
20 Fig. 20 is a view showing a configuration of an  optical element
of Embodiment 12. Fig. 21 is a graph showing a relation between
reflectivity and an exit angle in terms of the optical  element of
Embodiment 12 applied to the ArF excimer laser. 25 Fig. 22 is a view
showing a configuration of an  optical member used in Embodiment 14.
46 NIPF04-505  Fig- 23 is a graph showing angle-reflectance
characteristics on an interface of optical contact shown  in Fig. 22.



Fig. 24 is a view showing a configuration of an  5 optical member
used in Embodiment 15. Fig. 25 is a view showing a configuration of
an  optical element used in Embodiment 16. Fig. 26 is a view
conceptually showing a first step  in a manufacturing process for an
optical element 4 shown  10 in Fig. 25. Fig. 27 is a view
conceptually showing a second step  in the manufacturing process for
the optical element 4  shown in Fig. 25. Fig. 28 is a view
conceptually showing a third step  15 in the manufacturing process
for the optical element 4  shown in Fig. 25. Fig. 29 is a view
conceptually showing a fourth step  in the manufacturing process for
the optical element 4  shown in Fig. 25. 20 Fig. 30 is a view showing
a schematic configuration  of a projection exposure apparatus used in
Embodiment 17.  Fig. 31 is a view showing positional relations among
a tip portion of the optical element, and exhaust nozzles  as well as
intake nozzles in an X direction in terms of  25 a projection optical
system shown in Fig. 30. Fig. 32 is a view showing positional
relations among  47 NIPF04-505  the tip portion of the optical
element, and exhaust nozzles  as well as intake nozzles in a Y
direction in terms of the  projection optical system shown in Fig.
30. 



Fig. 33 is a view showing a schematic configuration  5 of an exposure
apparatus according to Embodiment 33.  Fig. 34 is a view showing a
configuration of an optical element according to Example 1. Fig. 35
is a view showing an aspect of reflection  when light is incident on
calcium fluoride. 10 Fig. 36 is a graph showing residual reflectivity
of  calcium fluoride when the light is incident on a calcium
fluoride substrate. Fig. 37 is a view showing a configuration of an
experimental device used in Example 1. 15 Fig. 38 is a view showing a
configuration of an  optical element according to Example 2. Fig. 39
is a view showing a configuration of an  experimental device used in
Comparative Example 1.  Fig. 40 is a graph showing results of
measurement 20 of steps measured after the experiments of the optical
elements of Comparative Example 1, Example 1, and Example  2. Fig. 41
is a view showing a configuration of a  transmissive optical element
according to Example 3.  25 Fig. 42 is a view showing a configuration
of a tester  according to Example 3. 48 NIPP04-505  Fig. 43 is a view
showing a configuration of a transmissive optical element according
to Example 4.  Fig. 44 is a view showing a configuration of a  



transmissive optical element according to Example S. 5 Fig. 45 is a
view showing a configuration of an  optical element according to
Example 6. Fig. 46 is a view showing a configuration of an  optical
element according to Example 7. Fig. 47 is a view showing a
configuration of a sample  10 1 used in Example 6. Fig. 48 is a view
showing a configuration of a sample  2 used in Example 7. Fig. 49 is
a view showing a configuration of a sample  3 used in Reference
Example 1. 15 Fig. 50 is a view showing an experimental device used
in Examples 6 and 7 and Reference Example 1. Fig. 51 is a graph
showing results of experiments  in Examples 6 and 7 and Reference
Example 1. Fig. 52 is a view showing the state of the sample  20 3
after the experiment. Fig. 53 is a view showing a configuration of a
transmissive optical element according to Example 8.  Fig. 54 is a
view showing a configuration of a transmissive optical element
according to Example 10.  25 Fig. 55 is a view showing a
configuration of a  transmissive optical element according to Example
11.  49 NIPF04-505  Fig. 56 is a view showing a configuration of a
transmissive optical element according to Reference  Example 2. 



Fig. 57 is a graph showing angle-reflectance  5 characteristics when
light from a medium is incident on  the transmissive optical elements
according to Example 10  and Reference Example 2. Detailed
Description of the Preferred Embodiments 10 Now, preferred
embodiments of the present invention  will be described with
reference to the accompanying  drawings. (Embodiment 1) A projection
exposure apparatus according to  15 Embodiment 1 of this invention
will now be described with  reference to the accompanying drawings.
Fig. 1 is a view  showing a schematic configuration of a projection
exposure  apparatus applying the step and repeat method according  to
Embodiment 1. It is to be noted that an XYZ orthogonal 20 coordinate
system as illustrated in Fig. 1 will be set up  in the following
explanation, and positional relations of  respective members will be
described with reference to  this XYZ orthogonal coordinate system.
In terms of the  XYZ orthogonal coordinate system, an X axis and a Y
axis 25 are set parallel to a wafer W while a Z axis is set in the
orthogonal direction to the wafer W. In terms of the XYZ  50
NIPF04-505  orthogonal coordinate system in the figure, an XY plane
is actually set to a parallel plane to a horizontal plane  while the
Z axis is set in the vertical direction. As shown in Fig. 1, the
projection exposure apparatus  



5 according to this embodiment is provided with an  illumination
optical system 1 which includes an ArF  excimer laser as an exposure
light source, an optical  integrator (a homogenizer) , a field stop,
a condenser lens,  and the like. Exposure light (an exposure light
beam) IL 10 consisting of ultraviolet pulse beams having a wavelength
of 193 nm is emitted from the light source, then passes  through the
illumination optical system 1 and thereby  illuminates a pattern
formed on a reticle (a mask) R. The  light passing through the
reticle R is reduced and 15 projected onto an exposure region on the
wafer (a  substrate) W coated with a photoresist at given projection
magnification P (G3 is set to 1/4 or 1/5, for example)  through a
projection optical system PL which is rendered  telecentric on both
sides (or on one side toward the wafer  20 W). Here, as the exposure
light IL, it is also possible  to use a KrF excimer laser beam
(having a wavelength of  248 nm) , an F2 laser beam (having a
wavelength of 157 nm) ,  an i-line from a mercury lamp (having a
wavelength of 365  25 nm), and the like. Meanwhile, the reticle R is
retained on a reticle  51 NIPF04-505  stage RST, and the reticle
stage RST incorporates a  mechanism for finely moving the reticle in
the X direction,  the Y direction, and the direction of rotation.
Positions  of the reticle stage RST in terms of the X direction, the 



5 Y direction, and the direction of rotation are measured  and
controlled in real time by a reticle laser  interferometer (not
shown). Meanwhile, the wafer W is fixed onto a Z stage 9 by  use of a
wafer holder (not shown) . The Z stage 9 is fixed  10 onto an XY
stage 10 configured to travel along the XY plane that is
substantially parallel to an image plane of the  projection optical
system PL, and controls a focal  position (a position in the Z
direction) and a tilt angle  of the wafer W. Positions of the Z stage
9 in terms of 15 the X direction, the Y direction, and the direction
of  rotation are measured and controlled in real time by a  wafer
laser interferometer 13 applying a movable mirror  12 located on the
Z stage 9. Moreover, the XY stage 10  is placed on a base 11 and
configured to control the X 20 direction, the Y direction, and the
direction of rotation  of the wafer W. A main control system 14
included in this projection  exposure apparatus adjusts the positions
of the reticle  R in terms of the X direction, the Y direction, and
the 25 direction of rotation based on measurement values which  are
measured with the reticle laser interferometer.  52 NIPF04.505
Specifically, the main control system 14 transmits a  control signal
to the mechanism incorporated in the  reticle stage RST, and adjusts
the positions of the reticle  R by finely moving the reticle stage
RST. 



5 Moreover, the main control system 14 adjusts the  focal position
(the position in the Z direction) and the  tilt angle of the wafer W
in order to align a surface of  the wafer W with the image plane of
the projection optical  system PL by applying the auto-focus method
and the 10 auto-leveling method. Specifically, the main control
system 14 adjusts the focal position and the tilt angle  of the wafer
W by transmitting a control signal to a wafer  stage drive system 15
and driving the Z stage 9 with the  wafer stage drive system 15. In
addition, the main control 16 system 14 adjusts the positions of the
wafer W in terms  of the X direction, the Y direction, and the
direction of  rotation based on measurement values which are measured
with the wafer laser interferometer 13. Specifically, the  main
control system 14 adjusts the positions and the 20 direction of
rotation of the wafer W by transmitting a  control signal to the
wafer stage drive system 15 and  driving the XY stage 10 with the
wafer stage drive system  15. At the time of exposure, the main
control system 14  25 sequentially moves respective shot regions on
the wafer  W stepwise to a position of exposure by transmitting a  53
NIPF04.505  control signal to the wafer stage drive system 15 and
driving the XY stage 10 with the wafer stage drive system  15.
Specifically, the main control system 14 repeats an  operation for
exposing a pattern image of the reticle R 



5 onto the wafer W in accordance with the step and repeat  method.
This projection exposure apparatus adopts the liquid  immersion
method in order to virtually shorten an exposure  wavelength and to
improve resolution. Here, in the 10 projection exposure apparatus of
the liquid immersion type  adopting the liquid immersion method, a
given liquid 7  fills a space between a surface of the wafer W and a
transmissive optical element 4 on the wafer W side of the  projection
optical system PL at least during the transfer 15 of the pattern
image of the reticle R onto the wafer W.  The projection optical
system PL includes a lens barrel  3 for housing multiple optical
elements made of silica  glass or calcium fluoride, which
collectively constitute  the projection optical system PL. In this
projection 20 optical system PL, the transmissive optical element 4
located in the closest position to the wafer W is made of  calcium
fluoride, and surfaces (a tip portion 4A on the  wafer W side and a
tapered surface 4B (see Fig. 2) ) of the  transmissive optical
element 4 are only allowed to contact 25 the liquid 7. In this way,
corrosion and other defects  of the lens barrel 3 made of metal are
avoided. 54 NIPF04-505  Here, the base material of the transmissive
optical element 4 shown in Fig. 2 is made of calcium fluoride, and
crystal orientation of a film forming surface of the  calcium
fluoride is defined as a (111) plane. Moreover, 



5 a magnesium fluoride (MgF2) film Fl and a silicon dioxide  (Si02)
film F2 collectively serving as an anti-dissolution  film are formed
at the tip portion 4A on the wafer W side  of the transmissive
optical element 4, or a portion where  the exposure light passes
through, by use of the vacuum 10 vapor deposition method. In
addition, another silicon  dioxide (Si02) film F3 is formed thereon
by use of a wet  film forming method. Meanwhile, a tantalum (Ta) film
F5 (F4) serving as  a metal anti-dissolution film (which also
functions as an  15 adhesion reinforcing film) is formed on the
tapered surface 4B of the transmissive optical element 4, or a
portion where the exposure light does not pass through,  by use of
the sputtering method. In addition, a silicon  dioxide (Si02) film F6
serving as an protective film for 20 the metal anti-dissolution film
(a protective film for the  anti-dissolution film) for protecting the
metal  anti-dissolution film is formed on a surface of the metal
anti-dissolution film (the anti-dissolution film) F5 by  the wet film
forming method simultaneously with formation 25 of the silicon
dioxide (Si02) film F3. Here, the metal  anti-dissolution film (the
anti-dissolution film) F5 to  55 NIPF04-505  be formed on the tapered
surface 4B of the transmissive  optical element 4 has solubility in
pure water equal to  or below 2 ppt and packing density equal to or
above 95%.  Moreover, mean reflectance of the anti-dissolution film 



5 formed on the tip portion 4A of the transmissive optical  element 4
is equal to or below 2% when an exit angle of  the exposure light
beam is set to 50 degrees. The transmissive optical element 4 shown
in Fig. 2  is for instance manufactured by the following steps:  10
(i) a masking seal is attached to the tip portion 4A on the wafer W
side of the transmissive optical element 4,  or the portion where the
exposure light passes through,  so as to avoid attachment of the
metal anti-dissolution  film F5 which is supposed to be formed on the
tapered 15 surface 4B of the transmissive optical element 4 or the
portion where the exposure light does not pass through;  (ii) The
tantalum (Ta) film is deposited in the thickness  of 200 nm on the
tapered surface 4B of the transmissive  optical element 4 by use of
the sputtering method to form 20 the metal anti-dissolution film
(also functioning as the  adhesion reinforcing film) F5; (iii) The
masking seal attached to the tip portion 4A on  the wafer W side of
the transmissive optical element 4 is  peeled off; 25 (iv) The
magnesium fluoride (MgF2) film Fl in the thickness  of 15 nm and the
silicon dioxide (Si02) film F2 in the  56 NIPF04-505  thickness of
300 nm are formed at the tip portion 4A on  the wafer W side of the
transmissive optical element 4 by  use of the vacuum vapor deposition
method; (v) The silicon dioxide (Si02) films F3 and F6 in the  



5 thickness of 130 nm are simultaneously formed on the  tantalum (Ta)
film F5 serving as the metal  anti-dissolution film that is formed on
the tapered  surface 4B of the transmissive optical element 4 and on
the silicon dioxide (SiO2) film F2 formed at the tip portion 10 4A on
the wafer W side of the transmissive optical element  4 by use of the
wet film forming method, and then the films  F3 and F6 are heated and
sintered at 160C; and (vi) The silicon dioxide (Si02) film F6 formed
on the  tantalum (Ta) film F5 serving as the metal  15
anti-dissolution film functions as the protective film for the metal
anti-dissolution film for protecting the metal  anti-dissolution
film. Meanwhile, pure water which is easily available in  large
quantity at a semiconductor manufacturing plant or  20 the like is
used as the liquid 7. Here, the pure water contains very low quantity
of impurities and is therefore  expected to exhibit a function to
clean the surface of the  wafer W. Fig. 3 is a view showing
positional relations among  25 the tip portion 4A and the tapered
surface 4B on the wafer  W side of the transmissive optical element 4
in the  57 NIPF04 505  projection optical system PL, the wafer W, and
two pairs  of exhaust nozzles as well as intake nozzles configured
to interpose the tip portion 4A and the tapered surface  4B on the
wafer W side in the X direction. Meanwhile, Fig. 



5 4 is a view showing positional relations among the tip  portion 4A
and the tapered surface 4B on the wafer W side  of the transmissive
optical element 4 in the projection  optical system PL, and two pairs
of exhaust nozzles as well  as intake nozzles configured to interpose
the tip portion 10 4A and the tapered surface 4B on the wafer W side
in the  Y direction. The projection exposure apparatus of this
embodiment includes a liquid supply device 5 for  controlling supply
of the liquid 7 and a liquid recovery  device 6 for controlling
discharge of the liquid 7. 15 The liquid supply device 5 includes a
tank (not  shown) for the liquid 7, a booster pump (not shown), a
temperature control device (not shown), and the like.  Moreover, as
shown in Fig. 3, an exhaust nozzle 21a having  an elongated tip
portion along the +X direction of the tip 20 portion 4A and the
tapered surface 4B on the wafer W side  is connected to the liquid
supply device 5 through a supply  tube 21, and an exhaust nozzle 22a
having an elongated tip  portion along the -X direction of the tip
portion 4A and  the tapered surface 4B on the wafer W side is also
connected 25 thereto through a supply tube 22. Meanwhile, as shown in
Fig. 4, an exhaust nozzle 27a having an elongated tip  58 NIPF04-505
portion along the +Y direction of the tip portion 4A and  the tapered
surface 4B on the wafer W side is connected  to the liquid supply
device 5 through a supply tube 27,  and an exhaust nozzle 28a having
an elongated tip portion 



5 along the -Y direction of the tip portion 4A and the tapered
surface 4B on the wafer W side is also connected thereto  through a
supply tube 28. The liquid supply device 5  adjusts the temperature
of the liquid 7 by use of the  temperature control device, and
supplies the 10 temperature-controlled liquid 7 onto the wafer W from
at  least one exhaust nozzle out of the exhaust nozzles 21a,  22a,
27a, and 28a through at least one supply tube out of  the supply
tubes 21, 22, 27, and 28. Here, the temperature  of the liquid 7 is
set to substantially the same degree 15 as the temperature inside a
chamber in which the projection  exposure apparatus of this
embodiment is housed by use of  the temperature control device, for
example. The liquid recovery device 6 includes a tank (not  shown)
for the liquid 7, a suction pump (not shown), and  20 the like.
Moreover, as shown in Fig. 3, intake nozzles 23a and 23b each having
a tip portion spread in the -X  direction of the tapered surface 4B
are connected to the  liquid recovery device 6 through a recovery
tube 23, and  intake nozzles 24a and 24b each having a tip portion
spread 25 in the +X direction of the tapered surface 4B are also
connected thereto through a recovery tube 24. Here, the  59
NIPF04.505  intake nozzles 23a, 23b, 24a, and 24b are disposed in the
manner that are spread into fan shapes relative to an axis  that
passes through the center of the tip portion 4A on  the wafer W side
and is parallel to the X axis. Meanwhile, 



5 as shown in Fig. 4, intake nozzles 29a and 29b each having  a tip
portion spread in the -Y direction of the tapered  surface 4B are
connected to the liquid recovery device 6  through a recovery tube
29, and intake nozzles 30a and 30b  each having a tip portion spread
in the +Y direction of 10 the tapered surface 4B are also connected
thereto through  a recovery tube 30. Here, the intake nozzles 29a,
29b,  30a, and 30b are disposed in the manner that are spread  into
fan shapes relative to an axis that passes through  the center of the
tip portion 4A on the wafer W side and  15 is parallel to the Y axis.
The liquid recovery device 6 recovers the liquid 7  from the wafer W
through at least one intake nozzle out  of the intake nozzles 23a,
23b, 24a, 24b, 29a, 29b, 30a,  and 30b through at least one recovery
tube out of the  20 recovery tubes 23, 24, 29, and 30. Next, methods
of supplying and recovering the liquid  7 will be described. When the
wafer W is moved stepwise  in a direction (the -X direction) of an
arrow 25A indicated  with a solid line in Fig. 3, the liquid supply
device 5 25 supplies the liquid 7 to a space between the tip portion
4A as well as the tapered surface 4B on the wafer W side  60
NIPF04-505  of the transmissive optical element 4 and the wafer W
through the supply tube 21 and the exhaust nozzle 21a. The  liquid
recovery device 6 recovers the liquid 7, which is  supplied from the
liquid supply device 5 to the space 



5 between the tip portion 4A as well as the tapered surface  4B on
the wafer W side and the wafer W, from the wafer W  through the
recovery tube 23 and the intake nozzles 23a  and 23b. In this case,
the liquid 7 flows on the wafer  W in a direction (the -X direction)
of an arrow 25B, whereby 10 the space between the wafer W and the
transmissive optical  element 4 is stably filled with the liquid 7.
On the other hand, when the wafer W is moved stepwise  in a direction
(the +X direction) of an arrow 26A indicated  with a chain line in
Fig. 3, the liquid supply device 5 15 supplies the liquid 7 to the
space between the tip portion  4A as well as the tapered surface 4B
on the wafer W side  of the transmissive optical element 4 and the
wafer W  through the supply tube 22 and the exhaust nozzle 22a. The
liquid recovery device 6 recovers the liquid 7, which is 20 supplied
from the liquid supply device 5 to the space  between the tip portion
4A as well as the tapered surface  4B on the wafer W side and the
wafer W, through the recovery  tube 24 and the intake nozzles 24a and
24b. In this case,  the liquid 7 flows on the wafer W in a direction
(the +X 25 direction) of an arrow 26B, whereby the space between the
wafer W and the transmissive optical element 4 is stably  61
NlPF04-505  filled with the liquid 7. Meanwhile, when the wafer W is
moved stepwise in the  Y direction, the liquid 7 is supplied and
recovered along  the Y direction. Specifically, when the wafer W is
moved 



5 stepwise in a direction (the -Y direction) of an arrow 31A
indicated with a solid line in Fig. 4, the liquid supply  device 5
supplies the liquid 7 through the supply tube 27  and the exhaust
nozzle 27a. The liquid recovery device  6 recovers the liquid 7,
which is supplied from the liquid 10 supply device 5 to the space
between the tip portion 4A  as well as the tapered surface 4B on the
wafer W side and  the wafer W, through the recovery tube 29 and the
intake  nozzles 29a and 29b. In this case, the liquid 7 flows on  the
exposure region in a direction (the -Y direction) of 15 an arrow 31B,
whereby the space between the wafer W and  the transmissive optical
element 4 is stably filled with  the liquid 7. On the other hand,
when the wafer W is moved stepwise  in the +Y direction, the liquid
supply device 5 supplies  20 the liquid 7 through the supply tube 28
and the exhaust nozzle 28a. The liquid recovery device 6 recovers the
liquid 7, which is supplied from the liquid supply device  5 to the
space between the tip portion 4A on the wafer W  side and the wafer
W, through the recovery tube 30 and the 25 intake nozzles 30a and
30b. In this case, the liquid 7  flows on the exposure region in the
+Y direction, whereby  62 NIPF04-505  the space between the wafer W
and the transmissive optical  element 4 is stably filled with the
liquid 7. Here, in addition to the nozzles configured to supply  and
recover the liquid 7 along the X direction and the Y  



5 direction, it is also possible to provide nozzles for supplying and
recovering the liquid 7 along oblique  directions, for example. Next,
methods of controlling an amount of supply and  an amount of recovery
of the liquid 7 will be described.  10 Fig. 5 is a view showing the
state of supplying and recovering the liquid 7 to and from the space
between the  optical element 4 constituting the projection optical
system PL and the wafer W. As shown in Fig. 5, when the  wafer W is
traveling in the direction (the -X direction) 15 of the arrow 25A,
the liquid 7 supplied from the exhaust  nozzle 21a flows in the
direction (the -X direction) of  an arrow 25B and is recovered by the
intake nozzles 23a  and 23b. In order to maintain a constant amount
of the  liquid 7 to fill the space between the optical element 4 20
and the wafer W even when the wafer W is traveling, an amount  of
supply Vi (m3/s) and an amount of recovery Vo (m3/s)  of the liquid 7
are set equal. Moreover, the amount of  supply Vi and the amount of
recovery Vo of the liquid 7  are adjusted based on a traveling speed
v of the XY stage 25 10 (the wafer W) . Specifically, the amount of
supply Vi  and the amount of recovery Vo of the liquid 7 are
calculated  63 NIPFO4-505  by the following formula 1. (Formula 1)
Vi= Vo= Dvd Here, D denotes a diameter (m) of the tip portion  



5 4A of the optical element 4 as shown in Fig. 1. Meanwhile,  v
denotes the traveling speed (m/s) of the XY stage 10 and  d denotes a
working distance (m) of the projection optical  system PL. The speed
v for moving the XY stage 10 stepwise  is set up by the main control
system 14, while the values 10 D and d are preset. Accordingly, the
liquid 7 always fills  the space between the optical element 4 and
the wafer W  by calculating and adjusting the amount of supply Vi and
the amount of recovery Vo of the liquid 7 based on the  formula 1. 15
Here, the working distance d of the projection  optical system PL is
preferably set as narrow as possible  so as to retain the liquid 7
stably between the optical  element 4 and the wafer W. For example,
the working  distance d of the projection optical system PL may be
set  20 approximately equal to 2 mm. According to the projection
exposure apparatus of  this Embodiment 1, it is possible to prevent
dissolution  of the optical element because the anti-dissolution film
is formed on the surface of the optical element. Therefore, 25 the
optical element is prevented from dissolving in the  liquid filling
the space between the tip portion of the  64 NIPF04-505  projection
optical system and the substrate. As a result,  it is not necessary
to replace the optical element  frequently and it is possible to
maintain high throughput  of the exposure apparatus. Moreover, it is
not necessary 



5 to stop operation of the exposure apparatus in order to  replace
the corroded optical element, and it is thereby  possible to
manufacture end products efficiently. In  addition, the optical
element does not dissolve in the  liquid and it is thereby possible
to maintain an optical 10 performance of the projection optical
system. Hence it  is possible to stabilize the quality of the
manufactured  end products and to continue exposure in the optimal
condition. Moreover, according to the projection exposure  15
apparatus of this Embodiment 1, the metal anti-dissolution  film that
also functions as the adhesion reinforcing film  is formed on the
tapered surface 4B of the transmissive  optical element 4 on the
wafer W side of the projection  optical system PL. Therefore, it is
possible to attach 20 the metal anti-dissolution film closely to the
transmissive optical element 4. Meanwhile, since the  silicon dioxide
(SiO2) film is formed on the surface of  the metal anti-dissolution
film, it is possible to prevent  damage on the soft metal
anti-dissolution film having low 25 abrasion resistance and thereby
to protect the metal  anti-dissolution film. Therefore, it is
possible to  G5 NIPF04-505  prevent infiltration to and corrosion of
the transmissive  optical element 4 by the liquid 7 interposed
between the  surface of the wafer W and the projection optical system
PL, and thereby to maintain the optical performance of the 



5 projection optical system PL. Moreover, it is possible  to maintain
the performance of the exposure apparatus  because the transmissive
optical element 4 does not  dissolve in the liquid 7. In addition, it
is not necessary  to replace the transmissive optical element 4
frequently. 10 Therefore, it is possible to maintain high throughput
of  the projection exposure apparatus. Furthermore, the metal
anti-dissolution film is  formed on the tapered surface 4B of the
transmissive  optical element 4, or in other words, at a portion
where 15 the exposure light beam IL does not pass through.
Therefore, it is possible to continue exposure in the  optimal
condition without shielding the exposure light  beam IL by the metal
anti-dissolution film formed on the  surface of the transmissive
optical element 4. 20 Meanwhile, a refractive index n of pure water
relative to the exposure light beam having the wavelength  around 200
nm is approximately equal to 1.44, whereby the  ArF excimer laser
beam having the wavelength of 193 nm  becomes 1/n times shorter on
the wafer W, or in other words, 25 is reduced to 134 nm. In this way,
it is possible to obtain  high resolution. In addition, a depth of
focus is  66 NIPF04-505  magnified by about n times, i.e. about 1.44
times as  compared to the depth of focus in the air. Accordingly,
when it is only necessary to secure the same degree of the  depth of
focus as the case of using the exposure light beam 



5 in the air, it is possible to increase the numerical  aperture of
the projection optical system PL and thereby  to improve the
resolution as well. Moreover, the projection exposure apparatus of
this  Embodiment 1 includes the two pairs of exhaust nozzles and  10
intake nozzles which are mutually inverted in the X direction and in
the Y direction. Accordingly, it is  possible to fill the space
between the wafer and the  optical element stably with the liquid
when moving the  wafer in the +X direction, the -X direction, the +Y
15 direction or the -Y direction. Meanwhile, since the liquid flows
on the wafer, it  is possible to rinse off a foreign object that may
be  attached onto the wafer by using the liquid. Moreover,  since the
liquid is adjusted to a given temperature by a 20 liquid supply
device, the temperature of the surface of  the wafer is set to a
constant temperature. Accordingly,  it is possible to prevent
degradation of alignment  accuracy attributable to thermal expansion
of the wafer  caused in the course of exposure. Therefore, it is 25
possible to prevent degradation of alignment accuracy  attributable
to thermal expansion of the wafer even when  67 NIPF04 505  there is
a time difference between alignment and exposure  as in the case of
alignment in accordance with the enhanced  global alignment (EGA)
method, for example. Further, according to the projection exposure  



5 apparatus of this Embodiment 1, the liquid flows in the  same
direction as the direction of movement of the wafer.  Therefore, it
is possible to recover the liquid that  absorbs foreign objects and
the heat by use of the liquid  recovery device without accumulating
the liquid on the 10 exposure region immediately below the surface of
the  transmissive optical element. In the above-described embodiment,
the  anti-dissolution film applies magnesium fluoride (MgF2)  and
silicon dioxide (Si02). Instead, the 15 anti-dissolution film may
apply at least one of lanthanum  fluoride (LaF3) , strontium fluoride
(SrF2) , yttrium  fluoride (YF3) , ruthenium fluoride (RuF3), hafnium
fluoride (HfF4), neodymium fluoride (NdF3), gadolinium  fluoride
(GdF3), ytterbium fluoride (YbF3), dysprosium 20 fluoride (DyF3) ,
aluminum fluoride (A1F3), cryolite  (Na3AlF6), chiolite (SNaF3A1F3),
aluminum oxide (A1203),  silicon dioxide (Si02), titanium oxide
(Ti02), magnesium  oxide (MgO) , hafnium oxide (Hf02), chromium oxide
(Cr203),  zirconium oxide (Zr02), tantalum pentoxide (Ta205), and  25
niobium pentoxide (Nb205). Moreover, in the above-described
embodiment, the  68 NIPF04-505  anti-dissolution film made of
magnesium fluoride (MgF2)  and silicon dioxide (Si02) is formed on
the optical element  by use of the vacuum vapor deposition method.
Instead,  the anti-dissolution film may be formed by use of at least 



5 one of film forming methods out of an ion beam assisted  vapor
deposition method, a gas cluster ion beam assisted  vapor deposition
method, an ion plating method, an ion beam  sputtering method, a
magnetron sputtering method, a bias  sputtering method, an electron
cyclotron resonance (ECR) 10 sputtering method, a radio frequency
(RF) sputtering  method, a thermal chemical vapor deposition (thermal
CVD)  method, a plasma enhanced CVD method, and a photo CVD  method.
when forming a fluoride as the anti-dissolution film  15 for the
optical element, the optimal optical film forming  method may be the
vacuum vapor deposition method, the ion  beam assisted vapor
deposition method, the gas cluster ion  beam assisted vapor
deposition method or the ion plating  method. However, in terms of
magnesium fluoride (MgF2) 20 and yttrium fluoride (YF3), it is
possible to form such  a film by use of the sputtering method. In the
meantime,  when forming an oxide film as the anti-dissolution film
for the optical element, it is possible to apply all the  film
forming methods cited above. 25 Moreover, when calcium fluoride
having a crystal  orientation of (111) plane is used as a base
material of  69 NIPF04-505  the optical element, the anti-dissolution
film to be  formed thereon, or lanthanum fluoride (LaF3) in
particular,  achieves heteroepitaxial growth when deposited on a film
forming surface thereof. In this case, the 



5 anti-dissolution film thus formed becomes extremely dense  and
constitutes a crystalline structure with very few  defects.
Furthermore, in the projection exposure apparatus  according to
Embodiment 1, the metal film constructed as  10 the film made of
tantalum (Ta) is used as the metal anti-dissolution film (the
anti-dissolution film).  Instead, it is possible to use a metal film
constructed  as a film made of at least one of gold (Au) , platinum
(Pt) ,  silver (Ag), nickel (Ni), tungsten (W), palladium (Pd), 15
molybdenum (Mo), titanium (Ti), and chromium (Cr).  Meanwhile, the
projection exposure apparatus  according to Embodiment 1 applies the
adhesion reinforcing  film constructed as the film made of tantalum
(Ta).  Instead, it is possible to apply the adhesion reinforcing  20
film constructed as a film made of chromium (Cr). Moreover, the
projection exposure apparatus of this  Embodiment 1 applies the
protective film for the metal  anti-dissolution film (a protective
film for  anti-dissolution film) constructed as the film made of 25
silicon dioxide (Si02). Instead, it is possible to apply  the
protective film for the metal anti-dissolution film  70 NIPP04.505
constructed as a film made of at least one of yttrium oxide  (Y203) ,
neodymium fluoride (Nd2F3) , chromium oxide (Cr203) ,  tantalum
pentoxide (Ta205), niobium pentoxide (Nb205),  titanium dioxide
(Ti02), zirconium dioxide (ZrO2), hafnium 



5 dioxide (Hf02), and lanthanum oxide (La203). In other  words, it is
possible to select the protective film for  the metal
anti-dissolution film. Therefore, it is  possible to select the most
appropriate protective film  for the metal anti-dissolution film (the
protective film 10 for the anti-dissolution film) based on the
material of  the transmissive optical element, the environment where
the transmissive optical element is placed, the type of  the liquid
interposed between the surface of the material  and the projection
optical system, and the like. 15 Meanwhile, in the projection
exposure apparatus of  this Embodiment 1, the silicon dioxide (SiO2)
film serving  as the anti-dissolution film as well as the protective
film  for the metal anti-dissolution film is formed by use of  the
wet film forming method. Instead, it is possible to 20 form the film
by use of a dry film forming method such as  the sputtering method.
Moreover, the metal anti-dissolution film (which  also functions as
the adhesion reinforcing film) and the  protective film for the metal
anti-dissolution film are 25 formed on the tapered surface of the
transmissive optical  element of this Embodiment 1. However, it is
also possible  71 NIPF04-505  to form only the metal anti-dissolution
film (the  anti-dissolution film) . Alternatively, it is also
possible to separate the adhesion reinforcing film from  the metal
anti-dissolution film. In other words, it is 



5 possible to form the adhesion reinforcing film and the  metal
anti-dissolution film separately, or to form the  adhesion
reinforcing film, the metal anti-dissolution  film, and the
protective film for the metal  anti-dissolution film separately. 10
Furthermore, in the projection exposure apparatus  of this Embodiment
1, the transmissive optical element 4  located closest to the wafer W
is made of calcium fluoride,  and the adhesion reinforcing film, the
metal  anti-dissolution film (the anti-dissolution film), and 15 the
protective film for the metal anti-dissolution film  (the protective
film for the anti-dissolution film) are  formed on the tapered
surface thereof. Instead, it is also  possible to form the
transmissive optical element 4  located closest to the wafer W by use
of fused silica, and 20 then to form the aforementioned films on the
tapered  surface thereof. Meanwhile, in the above-described
embodiment, the  space between the surface of the wafer and the
optical  element made of calcium fluoride and formed on the wafer' s
25 side of the projection optical system is filled with the  liquid.
Instead, it is possible to interpose the liquid  72 NIPF04-505
partially between the surface of the wafer and the optical  element
made of calcium fluoride and formed on the wafer' s  side of the
projection optical system. Moreover, although pure water is used as
the liquid  



5 7 in the above-described embodiment, the liquid is not  limited
only to the pure water. It is also possible to  use another material
(such as cedar oil) for the liquid  7, which allows transmission of
the exposure light beam  and has a high refractive index as much as
possible, and 10 remains stable against the photoresist with which
the  projection optical system and the surface of the wafer are
coated. (Embodiment 2) A projection exposure apparatus is configured
as  15 similar to that of Embodiment 1 except that a magnesium
fluoride (MgF2) film is formed at the tip portion 4A of  the optical
element 4, or in other words, at the portion  contacting the liquid
7, as the single-layered  anti-dissolution film by use of the vacuum
vapor  20 deposition method. According to the projection exposure
apparatus of  this Embodiment 2, the single-layered anti-dissolution
film is formed on the surface of the optical element, and  it is
thereby possible to prevent dissolution of the 25 optical element.
Further, it is possible to reduce the  interface as compared to the
multilayer film. Therefore,  73 NIPF04-505  it is possible to
minimize an adverse effect attributable  to a chemical reaction which
is apt to occur when the liquid  infiltrates into the interface of
the protective layer  serving as the anti-dissolution film. Moreover,
it is 



5 easier to form the film as compared to formation of the
anti-dissolution film including the multilayer film.  In addition, by
forming the single-layered anti-dissolution film such that the
refractive index of  the optical element becomes equal to or lower
than the  10 refractive index of the liquid in the case of soaking
the surface of the optical element into the liquid, it is  possible
to obtain the same optical performance as that  of the optical
element including the multilayer film.  (Embodiment 3) 15 A
projection exposure apparatus is configured as  similar to Embodiment
1 except that the transmissive  optical element 4 is modified as
shown in Fig. 6 and as  described below. (i) The magnesium fluoride
(MgF2) film Fl is formed at the  20 tip portion 4A of the optical
element 4 on the wafer Ta side,  or in other words, at the portion
where the exposure light  beam passes through, constituted of the
single-layered  anti-dissolution film by use of the vacuum vapor
deposition method. 25 (ii) The tantalum (Ta) film serving as the
adhesion  reinforcing film F4 is formed on the tapered surface 4B  74
NIPF04.505  of the transmissive optical element 4, or in other words,
at the portion where the exposure light beam does not pass  through
by use of the sputtering method. The adhesion  reinforcing film F4 is
used for improving adhesion between 



5 the tapered surface 4B of the transmissive optical element  4 and
the metal anti-dissolution film (the  anti-dissolution film) F5 to be
described later. (iii) A metal film made of gold (Au) is formed in
the  thickness of 150 nm on the surface of the adhesion  10
reinforcing film F4 as the metal anti-dissolution film (the
anti-dissolution film) F5 for preventing dissolution  in the liquid 7
by use of the sputtering method. (iv) A silicon dioxide (SiO2) film
is formed on the surface  of the metal anti-dissolution film (the
anti-dissolution  15 film) F5 as the protective film F6 for the metal
anti-dissolution film (the protective film for the  anti-dissolution
film) for protecting the metal  anti-dissolution film (the
anti-dissolution film) by use  of the sputtering method. Here, the
metal 20 anti-dissolution film (the anti-dissolution film) F5 to  be
formed on the tapered surface 4B of the transmissive  optical element
4 has solubility in pure water equal to  or below 2 ppt and packing
density equal to or above 95%. According to the projection exposure
apparatus of  25 this Embodiment 3, the metal film is formed on the
surface  of the adhesion reinforcing film that is formed on the  75
NIPF04-505  tapered surface 4B of the transmissive optical element 4
on the wafer W side of the projection optical system PL.  Therefore,
it is possible to attach the metal film closely  to the transmissive
optical element 4. Moreover, since 



5 the silicon dioxide (Si02) film is formed on the surface  of the
metal film, it is possible to prevent damage on the  soft metal film
having low abrasion resistance and thereby  to protect the metal
film. Therefore, it is possible to  prevent infiltration to and
corrosion of the transmissive 10 optical element 4 by the liquid 7
interposed between the  surface of the wafer W and the projection
optical system  PL, and thereby to maintain the optical performance
of the  projection optical system PL. Moreover, it is possible  to
maintain the performance of the projection exposure 15 apparatus
because the transmissive optical element 4 does  not dissolve in the
liquid 7. In addition, it is not  necessary to replace the
transmissive optical element 4  frequently. Therefore, it is possible
to maintain high  throughput of the projection exposure apparatus. 20
(Embodiment 4) A projection exposure apparatus is configured as
similar to Embodiment 1 except that magnesium fluoride  (MgF2) films
are formed at the tip portion 4A and the side  surface portion (the
tapered portion) 4B of the optical 25 element 4, or in other words,
at the portions contacting  the liquid 7 as the anti-dissolution
films. 76 NIPF04-505  According to the projection exposure apparatus
of this Embodiment 4, the anti-dissolution films are formed  on the
surface on the substrate's side of the optical  element and on the
side surface of the optical element, 



5 and it is thereby possible to prevent dissolution of the  optical
element. Further, the anti-dissolution films are  formed on the
surface on the substrate's side of the  optical element and on the
side surface of the optical  element by use of an identical material.
Accordingly, it 10 is possible to form the anti-dissolution films at
the same  time, and thereby to form the anti-dissolution films by  a
simple process. (Embodiment 5) A projection exposure apparatus is
configured as  15 similar to Embodiment 1 except that the
transmissive  optical element 4 is modified as described below. (i) A
silicon dioxide (SiO2) film is formed at the tip  portion 4A on the
wafer W side of the transmissive optical  element 4, or in other
words, at the portion where the 20 exposure light beam passes
through, as a first film by use  of the sputtering method which is a
dry film forming  method. (ii) Another silicon dioxide (SiO2) film is
formed on a  surface of the first film as a second film by spin
coating  25 which is a wet film forming method. (iii) The tapered
surface 4B of the transmissive optical  77 NIPF04.505  element 4, or
in other words, the portion where the  exposure light beam does not
pass through is polished with  a #2000 grind stone, for example, to
increase surface  roughness and the surface area thereof. On the
tapered 



5 surface 4B subjected to the surface treatment of polishing  with
the grind stone, a silicon dioxide (Si02) film is  formed as an
anti-dissolution oxide film by spin coating  which is the wet film
forming method. According to the projection exposure apparatus of  10
this Embodiment 5, the silicon dioxide (Si02) film is  formed at the
tip portion on the wafer W side of the  transmissive optical element,
which is the portion of the  projection optical system that is
located closest to the  wafer, as the first film by use of the
sputtering method. 15 Meanwhile, the silicon dioxide (Si02) film is
formed on  the surface of the first film as the second film by spin
coating. Therefore, it is possible to attach the first  film closely
to the transmissive optical element made of  calcium fluoride, and
thereby possible to utilize the 20 first film as the adhesion
reinforcing layer to attach the  transmissive optical element closely
to the second film.  Moreover, the second film is formed by use of
the wet film forming method characterized by high homogeneity  and a
high filling performance relative to voids.  25 Therefore, it is
possible to prevent infiltration to and corrosion of the transmissive
optical element by the  78 NIPrO4.505  liquid interposed between the
surface of the wafer and the  projection optical system by
eliminating the voids as a  consequence of penetration of the second
film into the  voids on the first film. In this way, it is possible
to 



5 maintain the optical performance of the projection optical  system.
Moreover, since both of the first film and the  second film are the
silicon dioxide (Si02) films, bonding  power between the first film
formed by the sputtering  method and the second film formed by spin
coating is 10 strengthened, and it is thereby possible to attach the
both  films more firmly. As a result, it is possible to avoid
separation of the first film and the second film from the
transmissive optical element and to avoid dissolution of  the
transmissive optical element in the liquid. In this 15 way, it is
possible to maintain the performance of the  exposure apparatus. In
addition, it is not necessary to  replace the transmissive optical
element frequently.  Therefore, it is possible to maintain high
throughput of  the exposure apparatus. 20 Moreover, the tapered
surface of the transmissive  optical element, which is located
closest to the wafer,  of the projection optical system is polished
with a #2000  grind stone, for example, to increase the surface
roughness and surface area thereof. On the tapered 25 surface thus
polished, a silicon dioxide (Si02) film is  formed as an
anti-dissolution oxide film by spin coating.  79 NIPF04.505  Since
the anti-dissolution oxide film is formed by use of  the wet film
forming method characterized by high  homogeneity and a high filling
performance relative to  voids, it is possible to prevent
infiltration to and 



5 corrosion of the transmissive optical element by the  liquid, and
thereby to maintain the optical performance  of the projection
optical system. As a result, it is  possible to avoid dissolution of
the transmissive optical  element in the liquid. In this way, it is
possible to 10 maintain the performance of the exposure apparatus. In
addition, it is not necessary to replace the transmissive  optical
element frequently. Therefore, it is possible to  maintain high
throughput of the exposure apparatus. Here, in the projection
exposure apparatus of this  15 Embodiment 5, the silicon dioxide
(Si02) film is formed  at the tip portion 4A on the wafer W side of
the transmissive  optical element 4, or in other words, at the
portion where  the exposure light beam passes through, as the first
film  by use of the dry film forming method. Moreover, the 20 silicon
dioxide (SiO2) film is formed on the surface of  the first film as
the second film by use of the wet film  forming method. Instead, it
is possible to form the  silicon dioxide (Si02) film as the
anti-dissolution oxide  film at the tip portion 4A on the wafer's
side of the 25 transmissive optical element 4 by use of only the wet
film  forming method. In this case, the tip portion 4A of the  80
NIPF04-505  transmissive optical element 4 is subjected to the
surface  treatment to the extent not to degrade the optical
performance of the projection optical system PL in order  to enhance
adhesion between the transmissive optical 



5 element 4 and the anti-dissolution oxide film.  Specifically, the
surface of the tip portion 4A is polished  with a #2000 grind stone,
for example, so as to increase  the surface roughness and the surface
area of the tip  portion 4A. 10 Moreover, in the projection exposure
apparatus of  this Embodiment 5, the silicon dioxide (Si02) film is
formed on the tapered surface 4B of the transmissive  optical element
4, or in other words, the portion where  the exposure light beam does
not pass through, as the 15 anti-dissolution oxide film, by use of
only the wet film  forming method. However it is possible to form the
silicon  dioxide (Si02) film as the first film on the tapered surface
4B by use of the dry film forming method and then to form  the
silicon dioxide (Si02) film as the second film on the 20 surface of
the first film by use of the wet film forming  method. (Embodiment 6)
A projection exposure apparatus is configured as  similar to
Embodiment 1 except applying the transmissive  25 optical element 4
described below. Specifically, Fig. 7 is a view showing a  81
NIPF04.505  configuration of an optical element used in Embodiment 6
of the present invention. Here, an optical element 1  includes an
optical substrate 101 and a multilayer film  100. The optical
substrate 101 ismade of calcium fluoride. 



5 Meanwhile, the multilayer film 100 has a four-layered  structure
including lanthanum fluoride (hereinafter  expressed as LaF3) as a
first layer 102, magnesium fluoride  (hereinafter expressed as MgF2)
as a second layer 103,  aluminum oxide (hereinafter expressed as
A1203) as a third 10 layer 104, and a silicon oxide (hereinafter
expressed as  Si02) as a fourth layer 105 laminated in this order
from  the optical substrate 101 side. An immersion liquid 108  is
water and a substrate 107 is silicon coated with a  photoresist. 15
Solubility of the fourth layer (Si02) 105 or the third  layer (A1203)
104 in water indicates the lower limit of  a measuring instrument
equal to 1 . 0 x 10-7 grams per hundred  grams of water. Therefore,
the fourth layer (Si02) 105  and the third layer (A1203) 104 are
substances that are 20 insoluble in water. Accordingly, the films
made of these  substances have a protective function against water.
Here, the vacuum vapor deposition method is used as the film forming
method. It is to be noted, however, that  the film forming method is
not limited only to this method.  25 It is possible to apply various
sputtering methods, ion beam assisted methods, and ion plating
methods that can  82 NIPF04-505  produce dense structures. Refractive
indices and optical film thicknesses  based on a designed dominant
wavelength T. of the first  layer (LaF3)102, the second layer (MgF2)
103, the third 



5 layer (A1203) 104, and the fourth layer (Si02) 105 are shown  in
Table 1. (Table 1) Substance Refractive Optical film  index thickness
Immersion water 1.44 - liquid Fourth layer SiO2 1.55 0. 122,  Third
layer A12O3 1.85 0.54.  Second layer MgF2 1.43 0.66.  First layer
LaF3 1.69 0. 60k  Optical calcium 1.50 - substrate fluoride As shown
in Table 1, it is apparent that the  refractive indices of the first
layer 102 and the third  10 layer 104 being odd-numbered layers are
higher than the refractive indices of the calcium fluoride substrate
101,  the second layer 103, and the fourth layer 105 which are
adjacent thereto. By forming the multilayer film 100 in  the order
shown in Table 1 on the optical substrate 101, 15 the multilayer film
100 has an anti-reflection function  as a whole. 83 NIPF04-505  Fig.
8 is a graph showing a relation between reflectivity and an exit
angle in terms of the optical  element used in Embodiment 6 of the
present invention in  terms of the wavelength of 193 nm. An ArF
(having the 



5 wavelength of 193 nm) excimer laser is applied hereto. As  it is
apparent from Fig. 8, mean reflectance Ra between  S polarization Rs
and P polarization Rp relative to  incident light 20 is approximately
equal to or below 0.3%  even when the exit angle 8 is equal to 40
degrees or 10 approximately equal to or below 0.5% even when the exit
angle 0 is equal to 50 degrees. Therefore, the optical  element
exhibits excellent characteristic and is usable  enough. (Embodiment
7) 15 A projection exposure apparatus is configured as  similar to
Embodiment 1 except applying the transmissive  optical element 4
described below. Fig. 9 is a view showing a configuration of the
optical element 1 of the present invention. Here, the  20 optical
element 1 includes the optical substrate 101 and the multilayer film
100. The multilayer film 100 has a  three-layered structure including
lanthanum fluoride  (hereinafter expressed as LaF3) as the first
layer 102,  magnesium fluoride (hereinafter expressed as MgF2) as the
25 second layer 103, and aluminum oxide (hereinafter  expressed as
A1203) as the third layer 104 laminated in  84 NIPF04-505  this order
on the optical substrate 101. The immersion  liquid 108 is water and
the substrate 107 is silicon coated  with the photoresist. Refractive
indices and optical film thicknesses  



5 based on the designed dominant wavelength % of the first  layer
(LaF3) 102, the second layer (MgF2) 103, and the third  layer (A1203)
104 are shown in Table 2. (Table 2) Substance Refractive optical film
index thickness  Immersion water 1.44 - liquid Third layer A12O3 1.85
0.54X  Second layer MgF2 1.43 0.66,  First layer LaF3 1.69 0.60X.
Optical calcium 1.50 - substrate fluoride As shown in Table 2, it is
apparent that the  10 refractive index of LaF3 of the first layer 102
is higher  than the refractive indices of the optical substrate 101
and MgF2 of the second layer 103 which are adjacent thereto.  By
arranging the refractive indices as described above,  the multilayer
film 100 has the anti-reflection function  15 as a whole. Fig. 10 is
a graph showing a relation between  reflectivity and an exit angle in
terms of the optical  85 NIPF04-505  element used in Embodiment 7 of
the present invention in  terms of the wavelength of 193 nm. The ArF
(having the  wavelength of 193 nm) excimer laser is applied hereto.
As  it is apparent from Fig. 10, the mean reflectance Ra 



5 between the S polarization Rs and the P polarization Rp  relative
to the incident light 20 is approximately equal  to or below 0.3%
even when the exit angle 0 is equal to  40 degrees or approximately
equal to or below 0.8% even  when the exit angle 8 is equal to 50
degrees. Therefore, 10 the optical element exhibits excellent
characteristic and  is usable enough. (Embodiment 8) A projection
exposure apparatus is configured as  similar to Embodiment 1 except
applying the transmissive  15 optical element 4 described below. Fig.
11 is a view showing a configuration of the  optical element 1 of the
present invention. Here, the  optical element 1 includes the optical
substrate 101 and  the multilayer film 100. The multilayer film 100
has a 20 two-layered structure including lanthanum fluoride
(hereinafter expressed as LaF3) as the first layer 102 and  magnesium
fluoride (hereinafter expressed as MgF2) as the  second layer 103,
which are sequentially laminated on the  optical substrate 101. The
immersion liquid 108 is water 25 and the substrate 107 is silicon
coated with the  photoresist. 86 NIPF04-505  Refractive indices and
optical film thicknesses based on the designed dominant wavelength A.
of the first  layer (LaF3)102 and the second layer (MgF2) 103 are
shown  in Table 3. 



5 (Table 3) Substance Refractive Optical film  index thickness
Immersion water 1.44 - liquid Second layer MgF2 1.43 0.60A,  First
layer LaF3 1.69 0.55X  Optical calcium 1.50 - substrate fluoride As
shown in Table 3, it is apparent that the  refractive index of the
first layer 102 is higher than the  refractive indices of the optical
substrate 101 and MgF2  of the second layer 103 which are adjacent
thereto. By 10 arranging the refractive indices as shown in Table 3,
the  multilayer film 100 has the anti-reflection function as  a
whole. Fig. 12 is a graph showing a relation between  reflectivity
and an exit angle in terms of the optical  15 element used in
Embodiment 8 of the present invention in terms of the wavelength of
193 nm. The ArF (having the  wavelength of 193 nm) excimer laser is
applied hereto. As  it is apparent from Fig. 12, the mean reflectance
Ra  87 NIPF04-505  between the S polarization Rs and the P
polarization Rp  relative to the incident light 20 is approximately
equal  to or below 0.3% when the exit angle 8 is equal to 40 degrees
or approximately equal to or below 2% even when the exit 



5 angle 0 is equal to 50 degrees. Therefore, the optical  element is
usable enough. Since the second layer (MgF2) 103 has some solubility
in water (2 x 10-4 grams per hundred grams of water according  to
literature data) and therefore dissolves in water when 10 used over a
long period of time. However, Embodiment 8  of the present invention
applies water (the refractive  index= 1.44) and therefore has an
advantage of relatively  small variation in the optical performance
even when the  second layer (MgF2) 103 is eluted. 15 Fig. 13 is a
graph showing a relation between  reflectivity and an exit angle 0 of
the optical element  relative to the ArF (having the wavelength of
193 nm)  excimer laser 10 when the film thickness of the second
layer (MgF2) 103 is reduced by half (0.3X) As it is 20 apparent from
Fig. 13, the mean reflectance Ra between the  S polarization Rs and
the P polarization Rp relative to  the incident light 20 changes very
little. Therefore, the  optical element is usable enough.
Accordingly, it is  possible to use the optical element approximately
for 10 25 years by forming the MgF2 film 103 in the thickness of
about  40 nm. 88 NIPF04.505  Although Fig. 11 is described by using
the two-layered multilayer film 100 including the first layer  (LaF3)
102 and the second layer (MgF2) 103, it is also  possible to use a
four-layer structured multilayer film 



5 formed by alternately laminating the first layer (LaF3)  102 and
the second layer (MgF2) 103. (Embodiment 9) A projection exposure
apparatus is configured as  similar to Embodiment 1 except applying
the transmissive  10 optical element 4 described below. Fig. 14 is a
view showing a configuration of the  optical element 1 of the present
invention. This optical  element 1 is formed by laminating the
multilayer film 100  on the calcium fluoride substrate 101. This
multilayer 15 film 100 has a two-layered structure including MgF2 as
the  first layer 102 and Si02 as the second layer 103, which  are
sequentially laminated on the optical substrate 101.  The immersion
liquid 108 is water and the substrate 107  is silicon coated with the
photoresist. 20 Here, refractive indices of the first layer (MgF2)
102 and the second layer (SiO2) 103, and optical film  thicknesses as
well as film thickness ranges of the  respective layers 102 and 103
based on the designed  dominant wavelength % are shown below. 89
NIPP04.605  (Table 4) Substance Refractive Optical Film  index film
thickness  thickness range  Immersion water 1.44 liquid  



Second SiO2 1.55 2.507 1.50  layer 4.007  First MgF2 1.43 0.107 0.03
layer 0.107  Optical calcium 1.50 substrate fluoride Here, the vacuum
vapor deposition method is used as  the film forming method. It is to
be noted, however, that  the film forming method is not limited only
to this method. 5 It is possible to apply various sputtering methods,
ion  beam assisted methods, and ion plating methods that can  produce
dense structures. Fig. 15 is a graph showing a relation between
reflectivity and an exit angle in terms of the optical  10 element 1
of this Embodiment 9 relative to the ArF (having the wavelength of
193 nm) excimer laser. As it is apparent  from Fig. 15, the mean
reflectance between the S  polarization and the P polarization
relative to the  incident light 20 is approximately equal to or below
0.6% 15 even when the exit angle 0 is equal to 40 degrees or  90
NIPFO4-505  approximately equal to or below 1% even when the exit
angle  0 is equal to 60 degrees. Therefore, the optical element
exhibits excellent characteristic and is usable enough. As shown in
Table 4, it is apparent that the  5 refractive index of the first
layer (MgF2) 102 is lower  than the refractive indices of the optical
substrate 101  



and the second layer (SiO2) 103 which are adjacent thereto.  By
arranging the refractive indices as described above,  the multilayer
film 100 has the anti-reflection function  10 as a whole. (Embodiment
10) A projection exposure apparatus is configured as  similar to
Embodiment 1 except applying the transmissive  optical element 4
described below. 15 Fig. 16 is a view showing a configuration of the
optical element 1 of the present invention. This optical  element 1
is formed by laminating the multilayer film 100  on the calcium
fluoride substrate 101. This multilayer  film 100 includes MgF2 as
the first layer 102 and SiO2 as 20 the second layer 103. Moreover,
this second layer 103  includes two separate layers. Specifically, a
separate  first layer 103a formed by use of the dry film forming
method and a separate second layer.,103b formed by use of  the wet
film forming method are sequentially laminated. 25 The immersion
liquid 108 is water and the substrate 107  is silicon coated with the
photoresist. 91 NIPF04-505  Here, refractive indices of the first
layer (MgF2) 102, Si02 film formed by the dry method of the separate
first layer 103a, and Si02 film formed by the wet method  of the
separate second layer 103b, and optical film 5 thicknesses as well as
film thickness ranges of the  respective layers 102 and so forth
based on the designed  



dominant wavelength X are shown below. 92 NIPF04-505  (Table 5)
Substance Refractive Optical Film  index film thickness  thickness
range  Immersion water 1.44 liquid  Second SiO2 film 1.55 0.40X
0.40?,  layer formed by (constant)  (separate wet second method
layer) Second SiO2 film 1.55 2.10X 1.15 3.601  layer formed by
(separate dry  first method  layer) First MgF2 1.43 0.10T, 0.03-
0.10,  layer Optical calcium 1.50  substrate fluoride Here, the first
layer 102 and the separate first  layer 103a are formed by use of the
vacuum vapor deposition  method. It is to be noted, however, that the
film forming 5 method is not limited only to this method. It is
possible  to apply other dry film forming methods including various  



sputtering methods, ion beam assisted methods, and ion  93 NIPF04-505
plating methods. It is known that a structure of a thin film varies
in this dry film forming method depending on conditions  including a
substrate heating temperature, a film 5 deposition rate, and the
like. In the case of a structure  having insufficient density, there
is an increasing risk  of penetration of water into the film which
may reach the  calcium fluoride substrate 101. Since calcium fluoride
dissolves in water, there is an increasing risk of a loss 10 of the
desired optical performance attributable to  immersion in water. In
general, it is known that a SiO2  film formed by the vacuum vapor
deposition method at a low  substrate heating temperature allows
penetration of water  or water vapor. 15 In this case, by providing
the Si02 layer formed by  the wet film forming method as the separate
second layer  103b, the SiO2 layer formed by the wet film forming
method  enters into voids on the Si02 layer formed by the dry film
forming method, and the voids are thereby eliminated. In 20 this way,
it is possible to prevent infiltration to and  corrosion of the
optical element 1 by the given immersion  liquid 108 interposed
between the surface of the substrate  107 and the projection optical
system PL, and thereby to  maintain the optical performance of the
projection optical 25 system PL. As a result, when this optical
element 1 is  



applied to the projection exposure apparatus of the liquid  94
NIPF04-505  immersion type, it is possible to avoid detachment of the
multilayer film 100 of the present invention from the  calcium
fluoride substrate 101 and to avoid dissolution  of the optical
element 1 in the liquid. In this way, it 5 is possible to maintain
the performance of the projection  exposure apparatus. In addition,
it is not necessary to  replace the optical element 1 frequently.
Therefore, it  is possible to maintain high throughput of the
projection  exposure apparatus. 10 The Si02 layer formed by the wet
film forming method,  which serves as the separate second layer 103b,
is formed  by spin coating using a conventional Si02solution. Here,
a sol-gel silica solution is used as the SiO2 solution and  the
calcium fluoride substrate 101 is coated with the 15 solution while
being rotated at a rotating speed in a range  from 1000 to 2000
revolutions per minute. The film  thickness to be achieved by the
coating process depends  on conditions including the concentration of
the SiO2  solution, the rotating speed of the calcium fluoride 20
substrate 101 in the spin coating process, temperature,  humidity,
and the like. Accordingly, by preparing an  analytical curve
concerning the film thickness in advance  based on the concentration
as a parameter, it is possible  to obtain a desired film thickness
afterwards. 25 Here, the film thickness of the Si02 layer formed by  



the wet film forming method serving as the separate second  95
NIPF04-505  layer 103b is set to 0.40X (50 nm). However, the film
thickness is not limited only to this value. Nevertheless,  it is
necessary to pay attention to occurrence of cracks  attributable to
membrane stress when coating in a large 5 film thickness such as
1.2?. (150 nm) or above. Moreover,  after coating the Si02 layer
formed by the wet film forming  method serving as the separate second
layer 103b, an  annealing process is performed in the air at 160C for
2  hours as a post treatment. This process is intended to 10
evaporate alcohol which is a main solvent of the SiO2  solution, and
to sinter the Si02 layer itself formed by  the wet film forming
method. Fig. 17 is a graph showing a relation between  reflectivity
and an exit angle in terms of the optical  15 element 1 of this
Embodiment 10 relative to the ArF (having the wavelength of 193 nm)
excimer laser. As it is apparent  from Fig. 17, the mean reflectance
between the S  polarization and the P polarization is approximately
equal  to or below 0.6% even when the exit angle 0 is equal to 20 40
degrees or approximately equal to or below 1% even when  the exit
angle 0 is equal to 60 degrees. Therefore, the  optical element
exhibits excellent characteristic and is  usable enough. Moreover, as
shown in Table 5 described above, it  25 is apparent that the
refractive index of the first layer  



(MgF2) 102 is lower than the refractive indices of the  96 NIPF04-505
optical substrate 101 and the second layer (Si02) 103 which  are
adjacent thereto. By arranging the refractive  indices as described
above, the multilayer film 100 has  the anti-reflection function as a
whole. Incidentally, 5 although the second layer (Si02) 103 is
composed of the  separate first layer 103a formed by use of the dry
film  forming method and the separate second layer 103b formed  by
use of the wet film forming method, these layers are  made of the
identical material and are therefore regarded  10 as the single layer
from the optical perspective. (Embodiment 11) A projection exposure
apparatus is configured as  similar to Embodiment 1 except applying
the transmissive  optical element 4 described below. 15 Fig. 18 is a
view showing a configuration of the  optical element 1 of the present
invention. This optical  element 1 is formed by laminating the
multilayer film 100  on the calcium fluoride substrate 101. The
multilayer  film 100 has a four-layered structure including LaF3 as
20 the first layer 102, MgF2 as the second layer 103, LaF3  as the
third layer 104, and Si02 as the fourth layer 105,  which are
sequentially laminated on the calcium fluoride  substrate 101. The
immersion liquid 108 is water and the  substrate 107 is silicon
coated with the photoresist. 25 Here, refractive indices of LaF3 in
the first layer  



102, MgF2 in the second layer 103, LaF3 in the third layer  97
NIPF04.505  104, and SiO2 in the fourth layer 105, and optical film
thicknesses as well as film thickness ranges of the  respective
layers 102 and so forth based on the designed  dominant wavelength A.
are shown below. 5 (Table 6) Substance Refractive Optical Film  index
film thickness  thickness range  Immersion water 1.44 liquid  Fourth
SiO2 1.55 0.37% 0.15  layer 1.50x,  Third LaF3 1.69 0.70, 0.40  layer
0.90%  Second MgF2 1.43 0.10, 0.03  layer 0.13k  First LaF3 1.69
0.11, 0.03  layer 0.20.  Optical calcium 1.50 substrate fluoride
Here, the vacuum vapor deposition method is used as  the film forming
method. It is to be noted, however, that  the film forming method is
not limited only to this method.  It is possible to apply various
sputtering methods, ion 10 beam assisted methods, and ion plating
methods that can  



produce dense structures. 98 NIPF04-505  Fig. 19 is a graph showing a
relation between reflectivity and an exit angle in terms of the
optical  element 1 of this Embodiment 11 relative to the ArF (having
the wavelength of 193 nm) excimer laser. As it is apparent 5 from
Fig. 19, the mean reflectance between the S  polarization and the P
polarization is approximately equal  to or below 0.3% even when the
exit angle 8 is equal to  50 degrees or approximately equal to or
below 0.5% even  when the exit angle 0 is equal to 60 degrees.
Therefore, 10 the optical element exhibits excellent characteristic
and  is usable enough. Moreover, as shown in Table 6 described above,
it  is apparent that the refractive index of the first layer  (LaF3)
102 is higher than the refractive indices of the 15 optical substrate
101 and the second layer (MgF2) 103 which  are adjacent thereto.
Meanwhile, it is also apparent that  the refractive index of the
third layer (LaF3) 104 is higher  than the refractive indices of the
second layer (MgF2) 103  and the fourth layer (5i02) 105 which are
adjacent thereto. 20 By arranging the refractive indices as described
above,  the multilayer film 100 has the anti-reflection function  as
a whole. Although SiO2 of the fourth layer 105 is formed by  use of
the vacuum vapor deposition method in this  25 Embodiment 11, it is
also possible to form this film by 



use of the wet film forming method as similar to the  99 NIPF04-505
separate second layer 103b as described in Embodiment 5.  In this
case, by providing the Si02 layer formed by the  wet film forming
method, the SiO2 layer formed by the wet  film forming method enters
the voids on the third layer 5 (LaF3) 104 formed by use of the dry
film forming method,  and the voids are thereby eliminated. In this
way, it is  possible to prevent infiltration to and corrosion of the
optical element 1 by the given immersion liquid 108  interposed
between the surface of the substrate 107 and 10 the projection
optical system PL, and thereby to maintain  the optical performance
of the projection optical system  PL. As a result, when this optical
element 1 is applied  to the projection exposure apparatus of the
liquid  immersion type, it is possible to avoid detachment of the 15
multilayer film 100 of the present invention from the  calcium
fluoride substrate 101 and to avoid dissolution  of the optical
element 1 in the liquid. In this way, it  is possible to maintain the
performance of the projection  exposure apparatus. In addition, it is
not necessary to 20 replace the optical element 1 frequently.
Therefore, it  is possible to maintain high throughput of the
projection  exposure apparatus. (Embodiment 12) A projection exposure
apparatus is configured as  25 similar to Embodiment 1 except
applying the transmissive  



optical element 4 described below. 100 NIPF04-505  Fig. 20 is a view
showing a configuration of the optical element 1 of the present
invention. This optical  element 1 is formed by laminating the
multilayer film 100  on the calcium fluoride substrate 101. The
multilayer 5 film 100 has a five-layered structure including LaF3 as
the first layer 102, MgF2 as the second layer 103, LaF3  as the third
layer 104, MgF2 as the fourth layer 105, and  SiO2 as a fifth layer
106, which are sequentially laminated  on the calcium fluoride
substrate 101. The immersion 10 liquid 108 is water and the substrate
107 is silicon coated  with the photoresist. Here, refractive indices
of LaF3 in the first layer  102, MgF2 in the second layer 103, LaF3
in the third layer  104, MgF2 in the fourth layer 105, and SiO2 in
the fifth 15 layer 106, and optical film thicknesses as well as film
thickness ranges of the respective layers 102 and so forth  based on
the designed dominant wavelength X are shown  below. 101 NIPF04.505
(Table 7) Substance Refractive Optical Film  index film thickness
thickness range  Immersion water 1.44 



liquid  Fifth Si02 1.55 0.20% 0.05  layer 0.357  Fourth MgF2 1.43
0.10% 0.03  layer 0.187  Third LaF3 1.69 0.707 0.55  layer 0.82X
Second MgF2 1.43 0.107 0.03  layer 0.187  First LaF3 1.69 0.117 0.03
layer 0.207  Optical calcium 1.50 substrate fluoride Here, the vacuum
vapor deposition method is used as  the film forming method. It is to
be noted, however, that  the film forming method is not limited only
to this method. 5 It is possible to apply various sputtering methods,
ion  beam assisted methods, and ion plating methods that can  produce
dense structures. Fig. 21 is a graph showing a relation between
reflectivity and an exit angle in terms of the optical  102
NIPF04-505  element of Embodiment 12 relative to the ArF (having the
wavelength of 193 nm) excimer laser. As it is apparent  from Fig. 21,
the mean reflectance between the S  polarization and the P
polarization is approximately equal 5 to or below 0.3% even when the
exit angle 0 is equal to  



50 degrees or approximately equal to or below 0.5% even  when the
exit angle S is equal to 60 degrees. Therefore,  the optical element
exhibits excellent characteristic and  is usable enough. 10 Moreover,
as shown in Table 7 described above, it  is apparent that the
refractive index of the first layer  (LaF3) 102 is higher than the
refractive indices of the  optical substrate 101 and the second layer
(MgF2) 103 which  are adjacent thereto. Meanwhile, it is also
apparent that 15 the refractive index of the third layer (LaF3) 104
is higher  than the refractive indices of the second layer (MgF2) 103
and the fourth layer (MgF2) 105 which are adjacent thereto.  By
arranging the refractive indices as described above,  the multilayer
film 100 has the anti-reflection function  20 as a whole. Although
Si02 of the fifth layer 106 is formed by use  of the vacuum vapor
deposition method in this Embodiment  12, it is also possible to form
this film by use of the  wet film forming method as similar to the
separate second 25 layer 103b as described in Embodiment 10. In this
case,  by providing the SiO2 layer formed by the wet film forming
103 NIPF04.505  method, the Si02 layer formed by the wet film forming
method  enters the voids on the fourth layer (MgF2) 105 formed by
use of the dry film forming method, and the voids are  thereby
eliminated. In this way, it is possible to prevent 5 infiltration to
and corrosion of the optical element 1 by  



the given immersion liquid 108 interposed between the  surface of the
substrate 107 and the projection optical  system PL, and thereby to
maintain the optical performance  of the projection optical system
PL. As a result, when 10 this optical element 1 is applied to the
projection  exposure apparatus of the liquid immersion type, it is
possible to avoid detachment of the multilayer film 100  of the
present invention from the calcium fluoride  substrate 101 and to
avoid dissolution of the optical 15 element 1 in the liquid. In this
way, it is possible to  maintain the performance of the projection
exposure  apparatus. In addition, it is not necessary to replace  the
optical element 1 frequently. Therefore, it is  possible to maintain
high throughput of the projection  20 exposure apparatus. (Embodiment
13) A projection exposure apparatus is configured as  similar to
Embodiment 1 except applying the transmissive  optical element 4
described below. 25 In this Embodiment 13, the material of the fourth
layer 105 is different from that used in Embodiment 12.  104
NIPF04.505  Specifically, in This Embodiment 13, A12O3 is formed as
the fourth layer 105. Here, refractive indices of LaF3 in the first
layer  102, MgF2 in the second layer 103, LaF3 in the third layer  5
104, A1203 in the fourth layer 105, and SiO2 in the fifth 



layer 106, and optical film thicknesses as well as film  thickness
ranges of the respective layers 102 and so forth  based on the
designed dominant wavelength X are shown  below. 105 NIPF04.505
(Table 8) Substance Refractive Optical Film  index film thickness
thickness range  Immersion water 1.44 liquid  Fifth SiO2 1.55 0.373
0.28  layer 0.553  Fourth A1203 1.85 0.103 0.03  layer 0..183  Third
LaF3 1.69 0.513 0.38  layer 0.653  Second MgF2 1.43 0.103 0.03  layer
0.203  First LaF3 1.69 0.113 0.03  layer 0.253  optical calcium 1.50
substrate fluoride Here, the vacuum vapor deposition method is used
as  the film forming method. It is to be noted, however, that  the
film forming method is not limited only to this method. 5 It is
possible to apply various sputtering methods, ion  



beam assisted methods, and ion plating methods that can  produce
dense structures. In this Embodiment 13, the mean reflectance between
the S polarization and the P polarization is approximately  106
NIPF04-505  equal to or below 0.3% even when the exit angle 0 is
equal  to 50 degrees or approximately equal to or below 0.5% even
when the exit angle 0 is equal to 60 degrees as similar  to that of
Embodiment 12. Therefore, the optical element 5 exhibits excellent
characteristic and is usable enough.  Moreover, as shown in Table 8,
it is apparent that  the refractive index of the first layer (LaF3)
102 is higher  than the refractive indices of the optical substrate
101  and the second layer (MgF2) 103 which are adjacent thereto. 10
Meanwhile, it is also apparent that the refractive index  of the
third layer (LaF3) 104 is higher than the refractive  indices of the
second layer (MgFz) 103 and the fourth layer  (A1203) 105 which are
adjacent thereto. By arranging the  refractive indices as described
above, the multilayer film  15 100 has the anti-reflection function
as a whole. Although Si02 of the fifth layer 106 is formed by use  of
the vacuum vapor deposition method in this Embodiment  13, it is also
possible to form this film by use of the  wet film forming method as
similar to the separate second 20 layer 103b as described in
Embodiment 10. In this case,  by providing the Si02 layer formed by
the wet film forming  method, the Si02 layer formed by the wet film
forming method  



enters the voids on the fourth layer (A1203) 105 formed  by use of
the dry film forming method, and the voids are 25 thereby eliminated.
In this way, it is possible to prevent  infiltration to and corrosion
of the optical element 1 by  107 NIPF04-505  the given immersion
liquid 108 interposed between the  surface of the substrate 107 and
the projection optical  system PL, and thereby to maintain the
optical performance  of the projection optical system PL. As a
result, when 5 this optical element 1 is applied to the projection
exposure apparatus of the liquid immersion type, it is  possible to
avoid detachment of the multilayer film 100  of the present invention
from the calcium fluoride  substrate 101 and to avoid dissolution of
the optical 10 element 1 in the liquid. In this way, it is possible
to  maintain the performance of the projection exposure  apparatus.
In addition, it is not necessary to replace  the optical element 1
frequently. Therefore, it is  possible to maintain high throughput of
the projection  15 exposure apparatus. According to the projection
exposure apparatus of  any of the above-described Embodiments 6 to
13, the  multilayer film is formed on the surface of the optical
element and the multilayer film has the protective 20 function to
protect the optical element against the liquid  and an
anti-reflection function to prevent reflection of  the exposure light
beam (the incident light). Therefore,  



it is possible to provide the stable optical element  without being
corroded by the liquid. Hence it is possible 25 to provide the
optical element which can realize a  high-performance projection
exposure apparatus having  108 NIPF04-505  high resolution and large
depth of focus by use of the  liquid immersion method. Moreover, the
multilayer film  has the protective function for a given time period,
and  is therefore capable of protecting the optical element 5 against
water as the immersion liquid for ten years, for  example. Hence it
is possible to provide the optical  element which can realize a
high-performance projection  exposure apparatus having high
resolution and large depth  of focus by use of the liquid immersion
method. At the 10 same time, it is possible to provide the stable
optical  element without being corroded by the liquid for the given
time period. (Embodiment 14) A projection exposure apparatus is
configured as  15 similar to Embodiment 1 except applying the
transmissive  optical element 4 described below. Fig. 22 is a view
showing a configuration of an  optical member used in Embodiment 14
of the present  invention. The optical member 1 is formed by joining
a 20 fused silica thin plate 102 onto an optical element 101  made of
calcium fluoride. Here, an immersion liquid 103  is water and a
substrate is a silicon substrate 104 coated  



with photoresist. As for the joining method, when the  exposure
wavelength corresponds to that of ultraviolet 25 rays such as the ArF
laser, two composition surfaces are  formed into planar surfaces and
subjected to optical  109 NIPF04-505  contact. The optical contact
means a phenomenon of  virtual contact of solids owing to an
intermolecular force,  which is observed by attaching two planar
surfaces closely  to each other. From the optical point of view,
there is 5 only an interface between a solid and another solid.  If
it is not possible to obtain desired adhesion due  to poor plane
accuracy of the two interfaces subject to  the optical contact, it is
also possible to enhance  adhesion by slightly coating pure water in
a space between 10 the interfaces to the extent not to cause
corrosion on the  surface of the optical element 101. Refractive
indices  of the optical element 101 and the fused silica thin plate
102 are 1.50 and 1.55, respectively. Fig. 23 is a graph showing an
angle-reflectance  15 characteristics on an interface of optical
contact (the  fused silica / calcium fluoride) shown in Fig. 22. As
it  is apparent from Fig. 23, the mean reflectance Ra between  the S
polarization Rs and the P polarization Rp relative  to the incident
light 20 is equal to or below 0.3% even 20 when the exit angle 0 is
equal to 60 degrees. Therefore,  the optical member exhibits
excellent characteristic and  is usable enough. 



The reason why the optical element 101 as the optical  substrate is
not made of fused silica is that the fused  25 silica thin plate 102
may cause compaction upon laser irradiation and is not therefore
suitable. On the other  110 NIPF04-505  hand, the reason for adopting
the fused silica thin plate  102 is that it is possible to minimize
an adverse effect  even if the compaction occurs therein. According
to the projection exposure apparatus of  5 the above-described
Embodiment 14, the fused silica thin  plate 102 has a very low
solubility in water and is  therefore applicable without causing
degradation in the  performance attributable to corrosion. It is
possible to  realize a liquid immersion optical system without
causing 10 optical degradation by using this element for the liquid
immersion method. (Embodiment 15) A projection exposure apparatus is
configured as  similar to Embodiment 1 except applying the
transmissive  15 optical element 4 described below. Fig. 24 is a view
showing a configuration of the  optical member used in Embodiment 15
of the present  invention. The optical member 1 is formed by joining
a  crystalline magnesium fluoride (hereinafter expressed as 20 MgF2)
thin plate 105 onto the optical element 101 made of  calcium
fluoride. Here, the immersion liquid 103 is water  and the substrate
is the silicon substrate 104 coated with  



photoresist. A space between the optical element 101 and  the MgF2
thin plate 105 is filled with a liquid (a filler 25 liquid) 106 with
a small difference in refractive index  therefrom. If this filler
liquid 106 has a difference in  111 NIPF04.505  the refractive index
equal to or below 0.2 relative to  those of respective substrates,
the filler liquid has  small residual reflection and can be used
favorably. Since MgF2 has some solubility in water (2 x 10-4  5 grams
per hundred grams of water according to the  literature data) and
therefore dissolves in water when  used over a long period of time.
As the dissolution  progresses, there is a risk of damaging a
transmission  wavefront of a projector lens. If the optical element
101 10 is directly coated with a magnesium fluoride (MgF2) which  is
in an inappropriate film thickness, there is the risk  of distorting
the transmission wavefront due to the  elution. In this event, it may
be necessary to carry out  an extensive operation for replacing the
optical element 15 101. Particularly, when the optical element 101 is
formed  into a lens shape, it is necessary to perform delicate
alignment with an optical axis of the projector lens upon
replacement which is not easy. In the case of Embodiment  15 of the
present invention, it is possible to replace only 20 the thin plate.
Accordingly, it is possible to perform  replacement while minimizing
an adverse effect on an  image-forming performance. 



Although Embodiment 15 of the present invention  applies the
crystalline magnesium fluoride (MgF2) thin  25 plate, it is also
possible to apply a crystalline magnesium fluoride (MgF2) sintered
body instead. Alternatively, it  112 NIPF04.505  is also possible to
apply a calcium fluoride thin plate  coated with magnesium fluoride
(MgF2) or a very thin PTFE  (polytetrafluoroethylene or Teflon
(registered  trademark)) thin plate. As for the coating method in
this 5 case, it is possible to apply not only a typical vapor
deposition method but also any appropriate methods  including ion
plating method and various sputtering  methods. Here, the thin plate
described in the description  10 of the preferred embodiments of the
present invention may  be formed into a parallel plate as well.
According to the projection exposure apparatus of  the
above-described Embodiment 15, the tip portion of the  projection
optical system is not corroded by the liquid. 15 Therefore, it is not
necessary to stop operation of the  projection exposure apparatus in
order to replace the  optical member 1 corroded by water or the like,
and it is  thereby possible to manufacture end products efficiently.
Moreover, the optical member 1 of the present invention 20 is not
corroded for a given period of time while the  projection exposure
apparatus is in operation.  Accordingly, the optical member 1 has a
stable optical  



characteristic. In this way, it is possible to stabilize  the quality
of end products to be manufactured by use of 25 the projection
exposure apparatus embedding the optical  member of the present
invention. 113 NIPF04-505  Although the present invention has been
described with reference to Embodiments 1 to 15, it should be
understood that the present invention is not limited only  to the
features described in Embodiments 1 to 15. For 5 example, in
Embodiment 4 and the like, the  anti-dissolution films are formed on
the surface on the  substrate's side and on the side surface of the
optical  element on the substrate's side of the projection optical
system by use of magnesium fluoride (MgF2) as the 10 anti-dissolution
films. Instead, it is possible to form  an anti-dissolution film on
the surface on the substrate's  side of the optical element on the
substrate's side of the  projection optical system by use of
hydrophilic silicon  oxide (SiO2), and meanwhile, to form a
hydrophobic 15 anti-dissolution film on the side surface of the
optical  element on the substrate's side of the projection optical
system by use of alkyl ketene dimer. Here, the anti-dissolution film
formed on the side  surface of the optical element is the
anti-dissolution  20 film having an excellent hydrophobic performance
as compared to the anti-dissolution film formed on the  surface on
the substrate's side of the optical element,  



while the anti-dissolution film formed on the surface on  the
substrate's side of the optical element is the 25 anti-dissolution
film having an excellent hydrophilic  performance as compared to the
anti-dissolution film  114 NIPF04-506  formed on the side surface of
the optical element. It is  possible to guide the liquid attached to
the side surface  of the optical element easily to the substrate's
side  because the anti-dissolution film formed on the side 6 surface
of the optical element is the hydrophobic  anti-dissolution film.
Moreover, it is possible to fill  the space between the surface on
the substrate's side of  the optical element and the substrate
constantly with the  liquid because the anti-dissolution film formed
on the 10 surface on the substrate's side of the optical element is
the hydrophilic anti-dissolution film. Meanwhile, in the
above-described Embodiment 5 and  the like, the first film
constructed as the silicon dioxide  (Si02) film is formed on the
transmissive optical element 15 by use of the sputtering method.
Instead, it is possible  to form this film by use of a different dry
film forming  method such as the vacuum vapor deposition method or
the  CVD method. Moreover, in the above-described Embodiment 5 and
20 the like, the silicon dioxide (SiO2) film is formed as the  first
film by use of the dry film forming method and the  other silicon
dioxide (Si02) film is formed as the second  



film by use of the wet film forming method. Instead, it  is possible
to form the magnesium fluoride (MgF2) film as 25 the first film by
use of the dry film forming method and  to form the silicon dioxide
(Si02) film as the second film  115 NIPF04-505  by use of the wet
film forming method. Meanwhile, in the above-described embodiments,
the  space between the surface of the wafer and the optical  element
made of calcium fluoride and formed on the wafer's 5 side of the
projection optical system is filled with the  liquid. Instead, it is
possible to interpose the liquid  partially between the surface of
the wafer and the optical  element made of calcium fluoride and
formed on the wafer' s  side of the projection optical system. 10
Moreover, although pure water is used as the liquid  in the
above-described embodiments, the liquid is not  limited only to the
pure water. It is also possible to  use another liquid (such as cedar
oil) , which allows  transmission of the exposure light beam and has
a high 15 refractive index as much as possible, and remains stable
against the photoresist with which the projection optical  system and
the surface of the wafer are coated. When a  F2 laser beam is used as
the exposure light beam, it is  possible to use a fluorinated liquid
that allows 20 transmission of the F2 laser beam. Such a fluorinated
liquid may be fluorinated oil or perfluoropolyether (PFPE)  for
example. 



Moreover, in the above-described embodiments, the  optical element
used in the present invention is formed  25 into a lens shape.
However, the shape of the optical element is not limited only to the
lens shape. For example,  116 NIPF04-505  it is also possible to form
the optical element of the  present invention by forming a film on a
calcium fluoride  plate substrate as a cover glass in a space between
a  conventional calcium fluoride lens and the liquid. 5 In addition,
Embodiments 14 and 15 explain the  example of slightly coating pure
water on the two joining  interfaces. Instead, it is possible to use
fluorinated  solvents such as perfluorocarbon (PFC) ,
hydrofluoroether  (I-IFE) or perfluoropolyether (PFPE). 10 Moreover,
the number and shapes of the nozzles used  in the embodiments are not
particularly limited. For  example, it is possible to provide two
pairs of nozzles  along a long side of the tip portion 4A to perform
supply  and recovery of the liquid. In this case, it is also 15
possible to arrange the exhaust nozzles and the intake  nozzles
vertically so as to effectuate the supply and  recovery of the liquid
both in the +X direction and in the  -X direction. (Embodiment 16) 20
A projection exposure apparatus is configured as  similar to
Embodiment 1 except applying an optical element  with which an
optical member optically contacts through  



a film as described below. As shown in Fig. 1, the projection
exposure apparatus  25 of this Embodiment 16 applying the step and
repeat method  includes an illumination optical system 1 for
illuminating  117 NIPF04.505  a reticle (a mask) R, a reticle stage
device RST for  supporting the reticle R, a wafer stage device for
supporting a wafer (a substrate) W, a wafer stage drive  system 15
for driving the wafer stage device and thereby 5 moving the wafer W
three-dimensionally, a projection  optical system PL for projecting a
pattern image formed  on the reticle R onto the wafer W, a liquid
circulation  device for supplying a liquid 7 to a space between the
projection optical system PL and the wafer W, and a main 10 control
system 14 for comprehensively controlling overall  operation of the
projection exposure apparatus. The illumination optical system 1
includes an ArF  excimer laser as an exposure light source, an
optical  integrator (a homogenizer) , a field stop, a condenser lens,
15 and the like. An exposure light beam IL consisting of  ultraviolet
pulse beams having a wavelength of 193 nm is  emitted from the light
source, and then passes through the  illumination optical system 1
and thereby illuminates the  pattern image provided on the reticle R.
The imaging light 20 passing through the reticle R is projected onto
an exposure  region on the wafer W coated with a photoresist through
a projection optical system PL. Here, as the exposure  



light beam IL, it is also possible to use the KrF excimer  laser beam
(having the wavelength of 248 nm) , the F2 laser 25 beam (having the
wavelength of 157 nm) , the i-line from  a mercury lamp (having the
wavelength of 365 nm) , and the  118 NIPF04-505  like. The reticle
stage device RST is configured to be  capable of adjusting the
position and posture of the  reticle R while retaining the reticle R.
Specifically, 5 the reticle stage device RST incorporates a mechanism
for  finely moving the reticle R in an X direction and a Y  direction
which are substantially perpendicular to an  optical axis AX of the
projection optical system PL, and  in a direction of rotation around
the optical axis AX. 10 Positions of the reticle R in terms of the X
direction,  the Y direction, and the direction of rotation are
measured  in real time by a reticle laser interferometer (not shown)
and are controlled by a reticle stage drive system (not  shown). 15
The wafer stage device is configured to be capable  of adjusting the
position and posture of the wafer W while  retaining the wafer W. To
be more precise on the structure,  the wafer W is fixed onto a Z
stage 9 by use of a wafer  holder, and this Z stage 9 allows
adjustment of a focal 20 position of the wafer W, i.e. a position in
a Z direction  substantially parallel to the optical axis AX, and a
tilt  angle thereof corresponding to that position. The Z stage  



9 is fixed onto an XY stage 10 and this XY stage 10 is  supported on
a base 11. The XY stage 10 is capable of 25 moving the wafer holder
along the XY plane that is  substantially parallel to an image plane
of the projection  119 NIPF04.505  optical system PL, changing a shot
region on the wafer W,  and so on. Here, positions of the Z stage 9
in terms of  the X direction, the Y direction, and the direction of
rotation are measured in real time by a movable mirror 12 5 located
on the wafer holder and by a wafer laser  interferometer 13
configured to supply measuring light to  the movable mirror 12. The
wafer stage drive system 15 is operated in  response to a control
signal from the main control system  10 14, and is capable of moving
the wafer W to a target position at appropriate timing while
retaining the posture in a  desired condition. The projection optical
system PL includes a lens  barrel 3 for housing multiple optical
elements such as  15 lenses or optical components formed by
processing silica glass or calcium fluoride. This projection optical
system PL is an image-forming optical system rendered  telecentric on
both sides or on one side toward the wafer  W. The pattern image on
the reticle R is reduced and 20 projected onto a shot region on the
wafer W at given  projection magnification 0 of 1/4 or 1/5, for
example,  through the projection optical system PL. 



Here, this projection optical system PL constitutes  a liquid
immersion optical system to be used in the state  25 of filling the
given liquid 7 in a space defined with the wafer W. In other words,
this projection exposure  120 NIPI+04.505  apparatus adopts the
liquid immersion method in order to  virtually shorten an exposure
wavelength and to improve  resolution. In the projection exposure
apparatus of the  liquid immersion type, the liquid 7 fills a space
between 5 a surface of the wafer W and tip surface of an optical
element 4 exposed on the wafer W side of the projection  optical
system PL at least during the transfer of the  pattern image of the
reticle R onto the wafer W. Pure water  which is easily available in
large quantity at a 10 semiconductor manufacturing plant or the like
is used as  the liquid 7. Here, the pure water contains very low
quantity of impurities and is therefore expected to  exhibit a
function to clean the surface of the wafer W.  Here, in the course of
exposure, only the tip portion on 15 the wafer W side of the optical
element 4 out of the  projection optical system PL is configured to
contact the  liquid 7. In this way, corrosion and other defects of
the  lens barrel 3 made of metal are prevented. Fig. 25 is a
sectional side view for conceptually  20 explaining a structure of
the optical element 4, which  protrudes toward the wafer W of the
projection optical  system PL used in this embodiment. 



As it is apparent from Fig. 25, the optical element  4 is formed by
establishing optical contact between a  25 substrate member 201 which
is the optical element made of calcium fluoride and an optical member
202 formed of a  121 NIPF04-505  substrate member made of synthetic
silica. In this  projection optical system PL, only the optical
member 202  on the tip side of the optical element 4 contact the
liquid  7 which is pure water or the like, while the substrate 5
member 201 located in the back does not directly contact  the liquid
7. The reason why the tip of the projection  optical system PL is
covered with the optical member 202  is that the optical element 4
made of calcium fluoride has  slight solubility in the liquid 7 which
is pure water or 10 the like. Accordingly, the optical member 202
made of  synthetic silica having high water resistance is provided
for protecting the optical element 4. When the optical member 202 is
retained and fixed  onto the optical element 4 by use of the optical
contact,  15 it is necessary to increase bond strength between the
optical element 4 and the optical member 202 so that the  optical
member 202 is not misaligned to or detached from  the optical element
4. For this reason, a thin coating  film 203 made of an oxide is
formed on a surface of the 20 side of the substrate member 201 of the
optical element  4 used for the optical contact. On the other hand,
no  coating film is formed on a surface of the side of the  



optical member 202 used for the optical contact. As  described above,
the bond strength between the substrate 25 member 201 and the optical
member 202 of the optical  element 4 is enhanced by interposing the
coating film 203  122 NIPP04.505  between the substrate member 201
and the optical member  202. The reason why the bond strength between
the  substrate member 201 and the optical member 202 of the  5
optical element 4 is enhanced will be briefly described below. As
disclosed in Japanese Patent Application  Laid-Open Gazette No. Hei
9-221342 (JP 9-221342 A),  surface roughness of a composition surface
is known as a  factor that affects the bond strength in the optical
10 contact. However, it is recently known that a chemical  factor
also has an influence in addition to the surface  roughness in the
case of the optical contact. The inventor  of the present invention
has found out that it is possible  to enhance the bonding strength
between the substrate 15 member 201 and the optical member 202, which
collectively  constitute the optical element 4 at the tip of the
projection optical system PL, by controlling such a  chemical factor.
In the conventional optical contact among oxide  20 optical
materials, hydroxyl groups (-OH) exist in high  density on both of
the surfaces used for bonding.  Accordingly, it is conceivable that
covalent bonding  



attributable to hydrogen bonding or dehydrative  condensation occurs
when closely attaching these surfaces 25 to each other, which brings
about firm bond. Meanwhile,  in terms of the optical element 4 of
this embodiment, a  123 NIPF04.505  surface of a fluoride (CaF2,
specifically) constituting  the substrate member 201 of the optical
element 4 has low  density of hydroxyl groups as compared to a
surface of an  oxide. Therefore, it is conceivable that it is
difficult 5 to obtain firm bond even when the fluoride is closely
attached to the optical member 202 without any treatment.
Accordingly, a sufficient amount of hydroxyl groups are  introduced
to the composition surface by coating the  fluoride surface of the
substrate member 201 with the 10 coating film 203 made of an oxide.
In this way, it is  possible to achieve firm optical contact between
the  substrate member 201 and the optical member 202. To be  more
precise, the thin coating film 203 made of silicon  dioxide (Si02) is
uniformly deposited on the substrate 15 member 201 by use of the
vacuum vapor deposition method.  Moreover, since the coating film 203
made of silicon  dioxide is formed on the substrate member 201 made
of  calcium fluoride by use of the vacuum vapor deposition  method,
it is possible to suppress the occurrence of cracks 20 or the like on
the coating film 203. That is, there is  not a large difference
between the thermal expansion  coefficient of calcium fluoride and
the thermal expansion  



coefficient of silicon dioxide. Accordingly, it is  possible to
prevent occurrence of cracks or persistence 25 of pressure distortion
on the coating film 203 when the  coating film 203 is formed on the
heated substrate member  124 NIPF04-505  201 and then these
constituents are cooled down to a room  temperature. Incidentally,
when a fluoride film is  formed on silica, cracks are likely to occur
on the film  because there is a large difference in the thermal 5
expansion coefficient (approximately one order of  difference)
therebetween. Fig. 26 to Fig. 29 are views for briefly explaining  a
manufacturing process for the optical element 4 shown  in Fig. 25.
Firstly, as shown in Fig. 26, the substrate 10 member 201 being the
optical element having a given optical  surface OS1 is prepared by
processing calcium fluoride  (CaF2) . Then, as shown in Fig. 27, a
SiO2 layer is  deposited on the optical surface OS1 while heating the
substrate member 201, thereby forming the coating film 203. 15 In
this way, it is possible to prepare the substrate member  201 having
the coating film 203. In this case, it is  possible to form the
high-density coating film 203 having  a high degree of adhesion to
the substrate member 201 by  use of the vacuum vapor deposition
method. Next, as shown 20 in Fig. 28, the optical member 202 having a
given optical  surface OS2 is prepared by processing synthetic silica
(SiO2) . Lastly, as shown in Fig. 29, the substrate member  



201 and the optical member 202 are attached to each other  to form
the optical contact between a surface OS3 of the 25 coating film 203
on the substrate member 203 and the  optical surface 0S2 of the
optical member 202. The optical  125 NIPF04-505  element 4 is
finished accordingly. In a concrete example of fabrication, the
optical  surface OSl on the outgoing side of calcium fluoride (CaF2)
constituting the substrate member 201 of the optical 5 element 4 is
formed into a planar surface. Further, the  substrate material 201 is
heated at the time of film  formation by vacuum deposition, and the
coating film 203.  is formed in a film thickness of about 10 nm.
Meanwhile,  in terms of the optical member 202, a synthetic silica 10
substrate is formed into a parallel plate having a  thickness of 1
mm. Thereafter, an optical contact surface  of the substrate member
201 and an optical contact surface  of the optical member 202 of the
optical element 4 are  attached and joined to each other without
using an adhesive. 15 Then, an experiment described below is carried
out to  confirm strength of the optical contact of the optical
element 4 thus formed. Specifically, optical transmittance ($) at the
wavelength of 193.4 nm is measured with an ultraviolet  20
spectrophotometer to evaluate the optical transmittance of the
optical element 4. Moreover, a tension load test  is carried out by
use of a high-precision universal  



material testing machine in order to evaluate the strength  of the
optical element 4. Here, in the tension load test, 25 a tension load
is applied in the direction of tearing the  optical member 202 off
the substrate member 201 of the  126 NIPF04.505  optical element 4,
or in other words, a tension load in  the perpendicular direction to
the optical contact  surfaces. The value of the load consumed to
detach the  optical member 202 is defined as a detachment load 5
(Kgf/cm2). For the purpose of comparison, another  substrate member
201 without the coating film 203 is  prepared and a comparative
sample is formed by subjecting  this substrate member 201 and the
optical member 202  directly to the optical contact. Results are show
in Table  10 9 below. (Table 9) Transmittance Detachment load  (%)
(Kgf/cm2)  Example (with Si02 91.5 31.8  layer) Comparative Example
91.5 10.3  (without Si02 layer) As it is apparent in Table 9 shown
above, the optical  element 4 of this embodiment (Example: with the
Si02 layer)  has several times as large anti-detachment strength as
the 15 optical element of the comparative sample (Comparative
Example: without the Si02 layer) concerning the optical  



contact. It is also apparent that a loss in light  intensity
concerning the exposure light wavelength is  almost equal between
these optical elements. 20 Back to Fig. 1, the liquid circulation
device  127 NIPF04-505  includes a liquid supply device 5 and a
liquid recovery  device 6. Of these devices, the liquid supply device
5  includes a tank for the liquid 7, a booster pump (not shown) ,  a
temperature control device, and the like. The liquid 5 supply device
5 supplies the temperature-controlled  liquid 7 into a space between
the wafer W and the tip portion  of the optical element 4 through a
supply tube 21 and an  exhaust nozzle 21a. Meanwhile, the liquid
recovery  device 6 includes a tank for the liquid 7, a suction pump,
10 and the like. The liquid recovery device 6 recovers the  liquid 7
in the space between the wafer W and the tip portion  of the optical
element 4 through a recovery tube 23 and  intake nozzles 23a and 23b.
The temperature of the liquid  7 circulated by the liquid circulation
device is set to 15 substantially the same degree as the temperature
inside  a chamber in which the projection exposure apparatus of  this
embodiment is housed, for example. Here, the  refractive index of
pure water n relative to an exposure  light beam having a wavelength
around 200 nm is 20 approximately equal to 1 .44, and the ArF excimer
laser beam  having the wavelength of 193 nm is therefore reduced by
1/n times on the wafer W or is virtually reduced to 134  



nm. In this way, it is possible to achieve high  resolution. 25 Fig.
3 is a plan view showing positional relations  concerning the X
direction among the exhaust nozzle 21a  128 NIPF04.505  and the
intake nozzles 23a and 23b of Fig. 1, and Fig. 4  is a plan view
showing positional relations concerning the  Y direction among the
exhaust nozzle 21a and the intake  nozzles 23a and 23b of Fig. 1. 5
As shown in Fig. 3, a first exhaust nozzle 21a having  an elongated
tip portion is disposed in the +X direction  so as to sandwich a tip
portion 4A of the optical element  4 which is an object lens of
spotlight of the projection  optical system, and a second exhaust
nozzle 22a having an 10 elongated tip portion is disposed in the -X
direction.  These first and second exhaust nozzles 21a and 22a are
connected to the liquid supply device 5 through first and  second
supply tubes 21 and 22, respectively. Meanwhile,  a pair of first
intake nozzles 23a having spread tip 15 portions are disposed in the
+X direction so as to sandwich  the tip portion 4A of the optical
element 4, and a pair  of second intake nozzle 24a having spread tip
portions are  disposed in the -X direction. These first and second
intake nozzles 23a and 24a are connected to the liquid 20 recovery
device 6 through first and second recovery tubes  23 and 24,
respectively. When the wafer W is moved stepwise in a direction  



(the -X direction) of an arrow 25A indicated with a solid  line, the
liquid 7 is supplied to the space between the 25 tip portion 4A of
the optical element 4 and the wafer W  through the first supply tube
21 and the first exhaust  129 NIPF04.505  nozzle 21a. At the same
time, the liquid 7 supplied to  the space between the tip portion 4A
of the optical element  4 and the wafer W is recovered through the
second recovery  tube 24 and the second intake nozzles 24a. On the
other 5 hand, when the wafer W is moved stepwise in a direction  (the
+X direction) of an arrow 26A indicated with a dot  line, the liquid
7 is supplied to the space between the  tip portion 4A of the optical
element 4 and the wafer W  through the second supply tube 22 and the
second exhaust 10 nozzle 22a. At the same time, the liquid 7 supplied
to  the space between the tip portion 4A of the optical element  4
and the wafer W is recovered through the first recovery  tube 23 and
the first intake nozzles 23a. As shown in Fig. 4, a third exhaust
nozzle 27a having  15 an elongated tip portion is disposed in the +Y
direction  so as to sandwich the tip portion 4A of the optical
element  4, and a fourth exhaust nozzle 28a having an elongated tip
portion is disposed in the -Y direction. These third and  fourth
exhaust nozzles 27a and 28a are connected to the 20 liquid supply
device 5 through third and fourth supply  tubes 27 and 28,
respectively. Meanwhile, a pair of third  intake nozzles 29a having
spread tip portions are disposed  



in the +Y direction so as to sandwich the tip portion 4A  of the
optical element 4, and a pair of fourth intake nozzle 25 30a having
spread tip portions are disposed in the -Y  direction. These third
and fourth intake nozzles 29a and  130 NIPF04.505  30a are connected
to the liquid recovery device 6 through  third and fourth recovery
tubes 29 and 30, respectively. When the wafer W is moved stepwise in
the Y  directions, it is similar to the above-described stepwise  5
movement in the X directions. Specifically, the liquid 7 is
discharged from the corresponding nozzle out of the  third and fourth
nozzles 27a and 28a by switching the third  and fourth supply tubes
27 and 28. At the same time, the  liquid 7 is aspirated through the
corresponding pair of 10 nozzles out of the third and fourth intake
nozzles 29a and  30a by switching the third and fourth recovery tubes
29  and 30. Here, in addition to the nozzles 23a to 30a  configured
to supply and recover the liquid 7 along the  15 X direction and the
Y direction as described above, it is also possible to provide
nozzles for supplying and  recovering the liquid 7 along oblique
directions, for  example. Back to Fig. 1, the main control system 14
adjusts  20 positions and posture of the reticle R by transmitting a
control signal to the drive mechanism incorporated in the  reticle
stage device RST and thereby finely moving the  



reticle stage. At this time, the positions in terms of  the X
direction, the Y direction, and the direction of 25 rotation of the
reticle R are measured with the  unillustrated reticle laser
interferometer. 131 NIPF04-505  Moreover, the main control system 14
adjusts a focal position and a tilt angle of the wafer W by
transmitting  a control signal to the wafer stage drive mechanism 15
and  finely moving the Z stage 9 through the wafer stage drive 5
system 15. Meanwhile, the main control system 14 adjusts  the
positions in terms of the X direction, the Y direction,  and the
direction of rotation of the wafer W by  transmitting a control
signal to the wafer stage drive  mechanism 15 and finely moving the
XY stage 10 through the 10 wafer stage drive system 15. At this time,
the positions  in terms of the X direction, the Y direction, and the
direction of rotation of the wafer W are measured with the  wafer
laser interferometer 13. At the time of exposure, the main control
system 14  15 sequentially moves respective shot regions on the wafer
W stepwise to a position of exposure by transmitting a  control
signal to the wafer stage drive system 15 and  driving the XY stage
10 with the wafer stage drive system  15. Specifically, an operation
for exposing the pattern 20 image of the reticle R onto the wafer W
is repeated in  accordance with the step and repeat method. In the
course of the exposure as well as before and  



after the exposure, the main control system 14  appropriately
operates the liquid circulation device 25 including the liquid supply
device 5 and the liquid  recovery device 6, thereby controlling an
amount of supply  132 NIPF04-505  and an amount of recovery of the
liquid 7 to fill the space  between a lower end of the projection
optical system PL  and the wafer W in the course of movement of the
wafer W.  As shown in Fig. 5, when the wafer W is traveling in the 5
-X direction along the arrow 25A, for example, the liquid  7 supplied
from the first exhaust nozzle 21a flows in the  direction (the -X
direction) of an arrow 25A and is  recovered by the second intake
nozzles 23a and 23b. In  order to maintain a constant amount of the
liquid 7 to fill 10 the space between the optical' element 4 and the
wafer W  in the course of movement of the wafer W, an amount of
supply  Vi (m3/s) and an amount of recovery Vo (m3/s) of the liquid
7 are set equal. Moreover, in order to avoid excessive  or
insufficient circulation of the liquid 7, a total amount 15 of the
amount of supply Vi and the amount of recovery Vo  of the liquid 7 is
adjusted based on a traveling speed v  of the XY stage 10, i.e. the
wafer W. For example, the  amount of supply Vi and the amount of
recovery Vo of the  liquid 7 are calculated by the following formula
1. 20 Vi= Vo= Dvd (1) Here, D denotes a diameter (m) of the tip
portion  4A of the optical element 4. Meanwhile, v denotes the  



traveling speed (m/s) of the wafer W on the XY stage 10  and d
denotes a working distance (m) of the projection 25 optical system
PL. The main control system 14 controls  the stepwise movement of the
XY stage 10, and is able to  133 NIPF04-505  fill the liquid 7 in the
space between the optical element  4 and the wafer W constantly in
the stable state by  calculating the amount of supply Vi and the
amount of  recovery Vo of the liquid 7 based on the formula 1 5
corresponding to the stepwise movement of the XY stage 10.  By
controlling amount of supply Vi and the amount of  recovery Vo of the
liquid 7 as described above, it is  possible to prevent the liquid 7
from leaking out of the  optical element and to prevent the optical
member 202 at 10 the tip of the optical element 4 from being soaked
in the  liquid 7. Accordingly, it is possible to prevent  corrosion
of the optical element 4 and damage on the  optical contact with the
optical member 202, and thereby  to maintain the performance of the
optical element 4 over 15 a long period of time. In other words, it
is possible to  reduce the frequency of replacement of the optical
element  4 and to maintain high throughput in the exposure process
on the wafer W. Eventually, it is possible to efficiently
manufacture end products in high quality. I  20 The foregoing
explanation relates to the case of moving the wafer W in the X
directions. It is also  



possible to maintain the amount of the liquid 7 between  the optical
element 4 and the wafer W stably by performing  similar control in
the case of moving the wafer W in the  25 Y directions as well. Here,
it is preferable to adjust the working distance  134 NIPFO4.505  d of
the projection optical system PL as narrow as possible  in order to
retain the liquid 7 stably between the optical  element 4 and the
wafer W. The working distance d of the  projection optical system PL
is set to about 2 mm, for  5 example. As it is apparent from the
above description, the  projection exposure apparatus of this
embodiment applies  the projection optical system PL incorporating
the optical  element 4 having high optical transmittance, which
system 10 is obtained by firmly joining the optical element 4 to the
optical member 202 by the excellent optical contact. In  this way, it
is possible to perform the exposure process  of the liquid immersion
type which can maintain the high  performance over a long period of
time. 15 Although the present invention has been described  in terms
of Embodiment 16, it is to be noted that the present  invention is
not limited only to this Embodiment 16. For  example, as for the
material of the substrate member 201  of the optical element 4, it is
possible to use barium 20 fluoride (BaF2), magnesium fluoride (MgF2),
and the like  instead of calcium fluoride depending on the wavelength



used therein. Meanwhile, as for the material of the coating film  203
of the optical element 4, it is possible to use aluminum  25 oxide
(A1203) and the like instead of silicon dioxide (SiO2) depending on
the wavelength used therein. Here, the  135 NIPF04-505  coating film
203 is not limited to a single-layer film and  it is also possible to
form the coating film 203 by  depositing two or more different types
of films.  Nevertheless, it is possible to form an oxide film such  5
as silicon dioxide as the outermost layer. Meanwhile, as for the
material of the optical member  202, it is possible to use sapphire
instead of silica  depending on the wavelength used therein. In
addition,  the optical member 202 may be formed by depositing a thin
10 film of silicon dioxide (Si02) or the like on a surface  of
fluoride glass or the like. Meanwhile, the shapes of the substrate
member 201  and the optical member 202 of the optical element 4 are
not limited those described in this embodiment. For 15 example, the
surfaces of the substrate member 201 and the  optical member 202 are
not limited to flat surfaces, and  it is possible to apply various
curved surfaces having a  variety of curvature. Moreover, in this
embodiment, the silicon dioxide  20 (Si02) film is formed on the
substrate member 201 by use  of the vacuum vapor deposition method.
Instead, it is  



possible to use other film forming methods including the  ion beam
assisted vapor deposition method, the gas cluster  ion beam assisted
vapor deposition method, the ion plating 25 method, the ion beam
sputtering method, the magnetron  sputtering method, the bias
sputtering method, the ECR  136 NIPF04-505  sputtering method, the RF
sputtering method, the thermal  CVD method, the plasma enhanced CVD
method, and the photo  CVD method. Further, the clearance between the
tip portion 4A  5 of the optical element 4 and the surface of the
wafer W  is entirely filled with the liquid 7 in this embodiment.
Instead, it is also possible to interpose the liquid  partially in
this clearance. Although pure water is used as the liquid 7 in this
10 embodiment, the liquid is not limited only to the pure  water. It
is also possible to use various other liquids  (such as cedar oil),
which allow transmission of the  exposure light beam and remain
stable against the  photoresist with which the projection optical
system and 15 the surface of the wafer were coated. Here, when a F2
laser  beam is used as the exposure light beam, it is possible  to
use a fluorinated liquid that allows transmission of  the F2 laser
beam as the liquid 7. Such a fluorinated  liquid may be fluorinated
oil or perfluoropolyether (PFPE)  20 for example. Moreover, the
layout and the number of the nozzles  



and the like in this embodiment are shown merely as an  example. It
is therefore possible to change the layout  and the number of the
nozzles as appropriate so as to 25 correspond to the size, the
traveling speed, and other  factors of the wafer W. 137 NIPF04-505
(Embodiment 17) Next, a projection exposure apparatus of Embodiment
17 will be described with reference to the accompanying  drawings.
Fig. 30 is a front view showing a lower part 5 of a projection
optical system PLA, the liquid supply  device 5, the liquid recovery
device 6, and the like of  the projection exposure apparatus applying
the  step-and-scan method according to Embodiment 17. It is  to be
noted that an XYZ orthogonal coordinate system as 10 illustrated in
Fig. 1 will be set up in the following  explanation, and positional
relations of respective  members will be described with reference to
this XYZ  orthogonal coordinate system. In terms of the XYZ
orthogonal coordinate system, an X axis and a Y axis are 15 set
parallel to a wafer W while a Z axis is set in the  orthogonal
direction to the wafer W. In the XYZ orthogonal  coordinate system in
the drawing, an XY plane is actually  set to a parallel plane to a
horizontal plane while the  Z axis is set in the vertical direction.
Moreover, in the 20 description concerning Fig. 30, constituents of
this  embodiment which are identical to those in the projection  



exposure apparatus of Embodiment 1 are designated by the  same
reference numerals. In this projection exposure apparatus, a  25
transmissive optical element 32 at the bottom end of a lens  barrel
3A of the projection optical system PLA includes  138 NIPF04-505  a
tip portion 32A, which is reduced into a rectangle having  a
longitudinal edge in the Y direction (a non-scanning  direction)
while leaving only a necessary part for  scanning exposure. At the
time of scanning exposure, part 5 of a pattern image of a reticle
(not shown) is projected  on a rectangular exposure region
immediately below the tip  portion 32A on the wafer W side. When the
reticle (not  shown) travels in the -X direction (or in the +X
direction)  at a speed V, the wafer W travels in the +X direction (or
10 in the -X direction) by use of the XY stage 10 at a speed  of R  V
((3 denotes the projection magnitude) synchronously,  with respect to
the projection optical system PLA. Then,  after completing exposure
on one shot region, the next shot  region moves to a scanning start
position by moving the 15 wafer W stepwise. Thereafter, the
respective shot  regions are sequentially subjected to exposure in
accordance with the step-and-scan method. This embodiment applies the
transmissive optical  element 32 which is similar to the transmissive
element  20 4 (see Fig. 2) used in Embodiment 1. Specifically, the
base material of the transmissive optical element 32 is  



made of calcium fluoride, and crystal orientation of the  film
forming surface of the calcium fluoride element is  defined as the
(111) plane. Moreover, the magnesium 25 fluoride (MgF2) film Fl and
the silicon dioxide (Si02) film  F2 collectively serving as the
anti-dissolution film are  139 NIPP04-505  formed at the tip portion
32A on the wafer W side of the  transmissive optical element 32, or
the portion where the  exposure light passes through, by use of the
vacuum vapor  deposition method. In addition, the silicon dioxide 5
(Si02) film F3 is formed thereon by use of the wet film  forming
method. Meanwhile, the tantalum (Ta) film F5 (F4) serving  as the
metal anti-dissolution film (which also functions  as the adhesion
reinforcing film) is formed on a tapered 10 surface 32B of the
transmissive optical element 32, or a  portion where the exposure
light does not pass through,  by use of the sputtering method. In
addition, the silicon  dioxide (SiO2) film F6 serving as the
protective film for  the metal anti-dissolution film (the protective
film for 15 the anti-dissolution film) for protecting the metal
anti-dissolution film is formed on the surface of the metal
anti-dissolution film (the anti-dissolution film) F5 by  the wet film
forming method simultaneously with formation  of the silicon dioxide
(Si02) film F3. Here, the metal 20 anti-dissolution film (the
anti-dissolution film) F5 to  be formed on the tapered surface 32B of
the transmissive  



optical element 32 has solubility to pure water equal to  or below 2
ppt and packing density equal to or above 95%.  Moreover, mean
reflectance of the anti-dissolution films 25 Fl to F3 formed on the
tip portion 32A of the transmissive  optical element 32 is equal to
or below 2% when an exit  140 NIPF04-505  angle of the exposure light
beam is set to 50 degrees. The liquid immersion method is also
applied to this  Embodiment 17 as similar to Embodiment 1.
Accordingly,  a liquid 7 fills the space between the transmissive
optical 5 element 32 and the surface of the wafer W in the course  of
scanning exposure. Pure water is used as the liquid  7. Moreover,
supply and recovery of the liquid 7 are  performed by use of the
liquid supply device 5 and the  liquid recovery device 6,
respectively. 10 Fig. 31 is a view showing positional relations among
the surface (the tip portion 32A and the tapered surface  32B on the
wafer W side) of the transmissive optical  element 32 in the
projection optical system PLA, and  exhaust nozzles as well as intake
nozzles configured to 15 supply and recover the liquid 7 in the X
direction. As  shown in Fig. 31, three exhaust nozzles 21a to 21c
located  on the +X side of the tip portion 32A and the tapered
surface  32B, which have the elongated rectangular shapes in the  Y
direction, are connected to the liquid supply device 5 20 through the
supply tube 21. Moreover, three exhaust  nozzles 22a to 22c located
on the -X side of the tip portion  



32A and the tapered surface 32B are connected to the liquid  supply
device 5 through the supply tube 22. Meanwhile,  as shown in Fig. 31,
two intake nozzles 23a and 23b located 25 on the -X side of the tip
portion 32A and the tapered surface  32B are connected to the liquid
recovery device 6 through  141 NIPF04-505  the recovery tube 23, and
two intake nozzles 24a and 24b  located on the +X side of the tip
portion 32A and the tapered  surface 32B are connected to the liquid
recovery device  6 through the recovery tube 24. 5 When the wafer W
is moved in a scanning direction  (the -X direction) of an arrow
indicated with a solid line  for performing the scanning exposure,
the liquid supply  device 5 supplies the liquid 7 to the space
between the  tip portion 32A as well as the tapered surface 32B of
the 10 transmissive optical element 32 and the wafer W through  the
supply tube 21 and the exhaust nozzles 21a to 21c. The  liquid
recovery device 6 recovers the liquid 7, which is  supplied from the
liquid supply device 5 to the space  between the tip portion 32A as
well as the tapered surface 15 32B and the wafer W, through the
recovery tube 23 and the  intake nozzles 23a and 23b. In this case,
the liquid 7  flows on the wafer W in the -X direction, whereby the
space  between the transmissive optical element 32 and the wafer  W
is filled with the liquid 7. 20 On the other hand, when the wafer W
is moved in a  direction (the +X direction) of an arrow indicated
with  



a chain double-dashed line for performing the scanning  exposure, the
liquid supply device 5 supplies the liquid  7 to the space between
the tip portion 32A of the 25 transmissive optical element 32 and the
wafer W through  the supply tube 22 and the exhaust nozzles 22a to
22c. The  142 NIPF04.505  liquid recovery device 6 recovers the
liquid 7, which is  supplied from the liquid supply device 5 to the
space  between the tip portion 32A and the wafer W, through the
recovery tube 24 and the intake nozzles 24a and 24b. In 5 this case,
the liquid 7 flows on the wafer W in the +X  direction, whereby the
space between the transmissive  optical element 32 and the wafer W is
filled with the liquid  7. In the meantime, the amount of supply Vi
(m3/s) and  10 the amount of recovery Vo (m3/s) of the liquid 7 are
calculated by the following formula 2. (Formula 2) Vi= Vo= DSYvd
Here, DSY denotes the length (m) of the tip portion  15 32A of the
optical element 32 in the X direction. Since  DSY is preset, the
liquid 7 always fills the space between  the optical element 32 and
the wafer W stably in the course  of scanning exposure by calculating
and adjusting the  amount of supply Vi (m3/s) and the amount of
recovery Vo  20 (m3/s) of the liquid 7 based on the formula 2.
Meanwhile, when the wafer W is moved stepwise in the  



Y direction, the liquid 7 is supplied and recovered along  the Y
direction in accordance with the same method as that  of Embodiment
1. 25 Fig. 32 is a view showing positional relations among  the tip
portion 32A of the transmissive optical element  143 NIPF04-505  32
in the projection optical system PLA, and exhaust  nozzles as well as
intake nozzles in the Y direction. As  shown in Fig. 32, when the
wafer W is moved stepwise in  the non-scanning direction (the -Y
direction) orthogonal 5 to the scanning direction, the liquid 7 is
supplied and  recovered by use of an exhaust nozzle 27a and intake
nozzles 29a and 29b which are arranged in the Y direction.  On the
other hand, when the wafer W is moved stepwise in  the +Y direction,
the liquid 7 is supplied and recovered 10 by use of an exhaust nozzle
28a and intake nozzles 30a and  30b which are arranged in the Y
direction. In this case,  the amount of supply Vi (m3/s) and the
amount of recovery  Vo (m3/s) of the liquid 7 are calculated by the
following  formula 3. 15 (Formula 3) Vi= Vo= DSXvd Here, DSX denotes
the length (m) of the tip portion  32A of the optical element 32 in
the Y direction. As  similar to Embodiment 1, the liquid 7
continuously fills 20 the space between the optical element 32 and
the wafer W,  even in the course of stepwise movement in the X
direction,  



by adjusting the amount of supply of the liquid 7 in  response to the
traveling speed v of the wafer W. The projection exposure apparatus
of this Embodiment  25 17 exerts similar operations and effects to
that of  Embodiment 1. 144 NIPFO4.505  Specifically, it is possible
to prevent dissolution of the optical element in the first place
because the  anti-dissolution film is formed on the surface of the
optical element. Therefore, the optical element is 5 prevented from
dissolving in the liquid filling the space  between the tip portion
of the projection optical system  and the substrate. As a result, it
is not necessary to  replace the optical element frequently and it is
possible  to maintain high throughput of the exposure apparatus. 10
Moreover, it is not necessary to stop operations of the  exposure
apparatus in order to replace the corroded  optical element, and it
is thereby possible to manufacture  end products efficiently. In
addition, the optical  element does not dissolve in the liquid and it
is thereby 15 possible to maintain the optical performance of the
projection optical system. Hence it is possible to  stabilize the
quality of the manufactured end products and  to continue exposure in
the optimal condition. Moreover, according to the projection exposure
20 apparatus of this Embodiment 17, the metal  anti-dissolution film
that also functions as the adhesion  



reinforcing film is formed on the tapered surface 32B of  the
transmissive optical element 32 on the wafer W side  of the
projection optical system PLA. Therefore, it is 25 possible to attach
the metal anti-dissolution film closely  to the transmissive optical
element 32. Meanwhile, since  145 NIPF04-505  the silicon dioxide
(Si02) film is formed on the surface  of the metal anti-dissolution
film, it is possible to  prevent damage on the soft metal
anti-dissolution film  having low abrasion resistance and thereby to
protect the 5 metal anti-dissolution film. Therefore, it is possible
to prevent infiltration to and corrosion of the  transmissive optical
element 32 by the liquid 7 interposed  between the surface of the
wafer W and the projection  optical system PLA, and thereby to
maintain the optical 10 performance of the projection optical system
PLA.  Moreover, it is possible to maintain the performance of  the
exposure apparatus because the transmissive optical  element 32 does
not dissolve in the liquid 7. In addition,  it is not necessary to
replace the transmissive optical 15 element 32 frequently. Therefore,
it is possible to  maintain high throughput of the projection
exposure  apparatus. (Embodiments 18 to 31) Projection exposure
apparatuses of Embodiments 18  20 to 31 are configured as similar to
Embodiment 17 except  that the transmissive optical elements 4 used
in  



Embodiments 2 to 15 are respectively applied as the  transmissive
optical elements 32. The projection exposure apparatuses of
Embodiments  25 18 to 31, which respectively have the above-described
configuration, exert similar operations and effects to  146 NIPF04
505  those of Embodiments 2 to 15, respectively. (Embodiment 32) A
projection exposure apparatus is configured as  similar to Embodiment
17 except applying an optical  5 element with which an optical member
optically contacts through a film as described below. Note that the
projection exposure apparatus of Embodiment 32 is  configured to
perform exposure in accordance with the  step-and-scan method by
partially modifying the 10 projection exposure apparatus of
Embodiment 16.  Accordingly, constituents common to those in
Embodiment  16 will be designated by the same reference numerals and
duplicate explanations will be omitted herein. In the projection
exposure apparatus of Embodiment  15 32 shown in Fig. 30, the
transmissive optical element 32,  which protrudes from the bottom end
of the lens barrel 3A  of the projection optical system PLA includes
a tip portion  32B, is reduced into a rectangle having a longitudinal
edge  in the Y direction (a non-scanning direction) while 20 leaving
only a necessary part for scanning exposure. At  the time of scanning
exposure, part of a pattern image of  



a reticle (not shown) is projected on a rectangular  exposure region
immediately below the tip portion 32B.  When the reticle (not shown)
travels in the -X direction 25 (or in the +X direction) at the speed
V, the wafer W travels  in the +X direction (or in the -X direction)
by use of the  147 NIPF04.505  XY stage 10 at the speed of (3-V ((3
denotes the projection  magnitude) synchronously, with regard to the
projection  optical system PLA. Then, after completing exposure on
one shot region, the next shot region moves to a scanning 5 start
position by moving thewaferW stepwise. Thereafter,  the respective
shot regions are sequentially subjected to  exposure in accordance
with the step-and-scan method. The liquid immersion method is also
applied to this  Embodiment 32 as similar to Embodiment 16.
Accordingly,  10 the liquid 7 fills the space between the lower
surface of the optical element 32 and the surface of the wafer W in
the course of scanning exposure. Here, as similar to  Embodiment 16,
the optical element 32 includes the  substrate member 201 made of
calcium fluoride and the 15 optical member 202 made of silica (See
Fig. 25) . Moreover,  the thin coating film 203 made of silicon
dioxide (Si02)  is uniformly deposited on the substrate member 201 of
the  optical element 32 to achieve firm optical contact. In  this
way, it is possible to protect the substrate member 20 201 made of
calcium fluoride against the liquid 7, and  thereby to enhance
durability of the optical element 32  



and eventually durability of the projection optical system  PLA. Fig.
31 is a view showing positional relations among  25 exhaust nozzles
and intake nozzles configured to supply  and recover the liquid to
and from the space immediately  148 NIPF04.505  below the projection
optical system PLA. Three exhaust  nozzles 21a to 21c located on the
+X side of the tip portion  32A are connected to the liquid supply
device 5 through  the supply tube 21. Moreover, three exhaust nozzles
22a 5 to 22c located on the -X side of the tip portion 32A are
connected to the liquid supply device 5 through the supply  tube 22.
Meanwhile, two intake nozzles23aand23blocated  on the -X side of the
tip portion 32A are connected to the  liquid recovery device 6
through the recovery tube 23, and 10 two intake nozzles 24a and 24b
located on the +x side of  the tip portion 32A are connected to the
liquid recovery  device 6 through the recovery tube 24. When the
wafer W is moved in the scanning direction  (the -X direction) of the
arrow indicated with the solid  15 line for performing the scanning
exposure, the liquid supply device 5 supplies the liquid 7 to the
space between  the tip portion 32A of the optical element 32 and the
wafer  W through the supply tube 21 and the exhaust nozzles 21a  to
21c. The liquid recovery device 6 recovers the liquid 20 7 retained
in the space between the tip portion 32A and  the wafer W through the
recovery tube 23 and the intake  



nozzles 23a and 23b. In this case, the liquid 7 flows on  the wafer W
in the -X direction, whereby the space between  the optical element
32 and the wafer W is constantly filled  25 with the liquid 7. On the
other hand, when the wafer W is moved in the  149 NIPF04.505
direction (the +X direction) of the arrow indicated with  the chain
double-dashed line for performing the scanning  exposure, the liquid
supply device 5 supplies the liquid  7 to the space between the tip
portion 32A of the optical 5 element 32 and the wafer W through the
supply tube 22 and  the exhaust nozzles22ato22c. The liquid recovery
device  6 recovers the liquid 7 retained in the space between the
tip portion 32A and the wafer W through the recovery tube  24 and the
intake nozzles 24a and 24b. In this case, the 10 liquid 7 flows on
the wafer W in the +X direction, whereby  the space between the
optical element 32 and the wafer W  is constantly filled with the
liquid 7. Here, the layout and other features of the exhaust  nozzles
and the intake nozzles, which are used for  15 circulating the liquid
7 in the space between the optical element 32 and the wafer W,. when
moving the wafer W in the  Y directions are substantially similar to
those in  Embodiment 16. The scanning projection exposure apparatus
of  20 Embodiment 32 applies the projection optical system PLA
incorporating the optical element 32 having high optical  



transmittance, which system is obtained by firmly joining  the
optical element 32 to the optical member 202 by the  excellent
optical contact. In this way, it is possible 25 to perform the
exposure process of the liquid immersion  type which can maintain the
high performance over a long  150 NIPF04-505  period of time.
(Embodiment 33) An exposure apparatus according to Embodiment 33
will be described with reference to the accompanying  5 drawings. The
exposure apparatus of this embodiment is a liquid immersion type
exposure apparatus adopting the  liquid immersion method in order to
improve resolution and  to virtually widen a depth of focus by
virtually shortening  an exposure wavelength. Fig. 33 is a view
showing a first 10 optical element LS1 located closest to an image
plane of  a projection optical system PL, a second optical element
LS2 located second closest to the imaging surface of the  projection
optical system PL after the first optical  element LS1, and the like
out of multiple optical elements 15 made of calcium fluoride which
collectively constitute the  projection optical system PL of the
exposure apparatus of  this embodiment. This exposure apparatus
includes a first liquid  immersion mechanism for filling a space
between a lower  20 surface Tl of the first optical element LS1,
which is the closest optical element to the image plane of the  



projection optical system PL among the multiple optical  elements
constituting the projection optical system PL,  and a substrate P
with a first liquid LQ1. The substrate 25 P is provided on the image
plane side of the projection  optical system PL, and the lower
surface Ti of the first  151 NIPF04-505  optical element LS1 is
disposed opposite to a surface of  the substrate P. The first liquid
immersion mechanism  includes a first liquid supply mechanism 90 for
supplying  the first liquid LQ1 to the space between the lower
surface 5 T1 of the first optical element LS1 and the substrate P,
and a first liquid recovery mechanism 91 for recovering  the first
liquid LQ1 supplied from the first liquid supply  mechanism 90.
Moreover, this exposure apparatus includes a second  10 liquid
immersion mechanism for filling a space between the  first optical
element LS1 and the second optical element  LS2, which is the second
closest optical element to the  image plane of the projection optical
system PL, with a  second liquid LQ2. The second optical element L52
is 15 disposed above the first optical element LS1. The upper
surface T2 of the first optical element LS1 is disposed  opposite to
the lower surface T3 of the second optical  element LS2. The second
liquid immersion mechanism  includes a second liquid supply mechanism
92 for supplying 20 the second liquid LQ2 to the space between the
first  optical element LS1 and the second optical element LS2,  



and a second liquid recovery mechanism 93 for recovering  the second
liquid LQ2 supplied from the second liquid  supply mechanism 92. 25 A
lens barrel PK includes a counter surface 89 which  faces a
peripheral region of the upper surface T2 of the  152 NIPF04.505
first optical element LS1. Moreover, a first sealing  member 94 is
provided between the peripheral region of the  upper surface T2 and
the counter surface 89. The first  sealing member 94 is formed of an
0-ring (such as "Kalrez" 5 made by DuPont-Dow) or a C-ring, for
example. The first  sealing member 94 prevents leakage of the second
liquid  LQ2 located on the upper surface T2 to the outside of the
upper surface T2, or to the outside of the lens barrel PK.
Meanwhile, a second sealing member 95 is provided between 10 a side
surface C2 of the second optical element LS2 and  an inner side
surface PKC of the lens barrel PK. The second  sealing member 95 is
formed of a V-ring, for example. The  second sealing member 95
regulates circulation of the  second liquid LQ2, damp gas derived
from the second liquid 15 LQ2, and the like to an upper part of the
second optical  element LS2 inside the lens barrel PK. Moreover, a
third sealing member 96 is provided  between a side surface Cl of the
first optical element LSl  and the inner side surface PKC of the lens
barrel PK. The 20 third sealing member 96 is formed of a V-ring, for
example.  The third sealing member 96 regulates circulation of the  



first liquid LQ1, damp gas derived from the first liquid  LQ1, and
the like to an upper part of the first optical  element LS1 inside
the lens barrel PK. 25 A light-shielding film made of gold (Au) is
formed  in a thickness of 150 nm on each of the side surface (a  153
NIPF04.505  tapered surface) Cl of the first optical element LS1 and
the side surface (a tapered surface) C2 of the second  optical
element LS2. Therefore, by using these  light-shielding films, it is
possible to prevent 5 irradiation of the exposure light beam and
reflection of  the exposure light beam by the wafer onto the first
sealing  member 94, the second sealing member 95, and the third
sealing member 96 which are provided in the periphery of  the tapered
surfaces of the transmissive optical element 10 on the substrate's
side of the projection optical system.  In this way, it is possible
to prevent deterioration of  the sealing members. In the
above-described Embodiment 33, the  light-shielding film which is the
metal film made of gold  15 (Au) is formed on each of the side
surface (the tapered surface) Cl of the first optical element LS1 and
the side  surface (the tapered surface) C2 of the second optical
element LS2. Instead, the light-shielding film formed as  the metal
film may be formed of at least one of gold (Au) , 20 platinum (Pt),
silver (Ag), nickel (Ni), tantalum (Ta),  tungsten (W), palladium
(Pd), molybdenum (Mo), titanium  



(Ti) and chromium (Cr) Alternatively, it is also  possible to form
the light-shielding film as a metal oxide  film. In this case, the
metal oxide film may be formed 25 of at least one of zirconium
dioxide (Zr02), hafnium  dioxide (Hf02), titanium dioxide (Ti02),
tantalum  154 NIPF04-505  pentoxide (Ta2O5), silicon monoxide (SiO) ,
and chromium  oxide (Cr2O3) . The above-described Embodiments 1 to 33
apply the  exposure apparatus configured to fill the space between  5
the projection optical system PL and the substrate P locally with the
liquid. However, the present invention  is also applicable to a
liquid immersion exposure  apparatus disclosed in Japanese Patent
Application  Laid-Open Gazette No. Hei 6-124873 (JP 6-124873 A) ,
which 10 apparatus is configured to move a stage that retains a
substrate subject to exposure in a liquid tank, or to a  liquid
immersion exposure apparatus disclosed in Japanese  Patent
Application Laid-Open Gazette No. Hei 10-303114 (JP  10-303114 A) ,
which apparatus is configured to have a 15 liquid tank having a
predetermined depth, the tank being  formed on a stage, and to retain
a substrate inside the  tank. Moreover, the present invention is also
applicable  to a twin-stage type exposure apparatus including two  20
stages configured to locate process target substrates such as wafers
individually and to move the substrates  



independently in XY directions. Such a twin-stage type  exposure
apparatus is disclosed in Japanese Patent  Application Laid-Open
Gazette No. Hei 10-163099 (JP 25 10-163099 A) , Japanese Patent
Application Laid-Open  Gazette No. Hei 10-214783 (JP 10-214783 A),
International  155 NIPF04-505  Application National-Phase Publication
No. 2000-505958  (JP 2000-505958 A), and the like. In addition to the
above explanations, other  configurations applicable to the exposure
apparatus of the  5 present invention are disclosed in International
Publication No. W02004/019128 (WO 2004-019128 A),  International
Publication No. W02004/053950 (WO  2004-053950 A), and International
Publication No.  W02004/053951 (WO 2004-053951 A) ; the entire
contents of  10 which are incorporated herein by reference. Examples
The present invention will be described more in  detail below based
on examples and comparative examples. 15 It is to be noted, however,
that the present invention will  not be limited only to the following
examples.  (Example 1) Fig. 34 is a view showing a configuration of
an  optical element 50 of the present invention. As shown in  20 Fig.
34, the optical element 50 was formed by depositing silicon oxide 54
in an optical film thickness of 0.55 X  (~= 193 nm) on a substrate of
calcium fluoride 52, of which  



a crystal orientation of a film forming surface 52a is  defined as a
(111) plane, as an anti-dissolution film for 25 the calcium fluoride
52 by use of the RF sputtering method.  Here, as shown in Fig. 35,
the optical film thickness of  156 NIPF04-505  the silicon oxide film
must be restricted so as to suppress  a ghost phenomenon caused by
residual reflection of light  on a surface of the substrate of the
calcium fluoride 52  when the light is incident on the calcium
fluoride 52 along 5 the direction of an arrow 56 indicated with a
solid line  and is reflected by the calcium fluoride 52 along the
direction of an arrow 58 indicated with a dashed line.  Specifically,
Fig. 36 is a graph showing residual  reflectivity of the calcium
fluoride when the light is 10 incident on the calcium fluoride
substrate. The residual  reflectivity of the calcium fluoride in the
case of not  forming the silicon oxide film on the calcium fluoride
substrate is indicated with a solid line 60 in Fig. 36.  Meanwhile,
the residual reflectivity of the calcium 15 fluoride in the case of
forming the silicon oxide film on  the calcium fluoride substrate is
indicated with a dashed  line 62 in Fig. 36. As shown in Fig. 36, the
optical film  thickness of the silicon oxide film is set such that
the  residual reflectivity of the calcium fluoride becomes 20 equal
to or below 0.5% when an incident angle of the light  incident on the
calcium fluoride is equal to 60 degrees.  An experiment was performed
by use of the optical 



element 50. Fig. 37 is a view showing a configuration of  an
experimental device used in this example. Pure water  25 66 at the
temperature of 70C is put into a tank 64 made of polyether ether
ketone (PEEK) which is large enough for  157 NIPF04-505  the volume
of the optical element 50. A beater 68 made  of Teflon (registered
trademark) is put into the pure water  66. As shown in Fig. 37, the
optical element 50 is put  into the pure water 66 so that only the
half of the optical 5 element 50 is soaked in the pure water 66. The
tank 64  containing the optical element 50, the pure water 66, and
the beater 68 is put into a constant-temperature tank 70  to maintain
a constant temperature. The tank 64 used herein has a sufficiently
large size  10 relative to the volume of the optical element 50 to
reduce  a liquid level change attributable to evaporation of the
pure water 66. Moreover, the beater 68 is used for  maintaining
constant solubility even when the optical  element 50 dissolves in
the pure water 66 and thereby 15 generates a buffer solution. After a
lapse of 3 hours  while the optical element 50 was soaked in the pure
water  66, a step between the portion of the optical element 50  not
soaked in the pure water 66 and the portion of the  optical element
50 soaked in the pure water 66 was measured 20 with a
step-measurement gauge having resolving power of  0.5 nm. No step was
observed. (Example 2) 



Fig. 38 is a view showing a configuration of an  optical element 74
of the present invention. As shown in  25 Fig. 38, the optical
element 74 was formed by depositing lanthanum fluoride 78 in an
optical film thickness of 0.68  158 NIPF04.505  (X= 193 nm) on a
substrate of calcium fluoride 76, of which a crystal orientation of a
film forming surface 76a  is defined as a (111) plane, as an
anti-dissolution film  for the calcium fluoride 76 by use of the
vacuum vapor 5 deposition method. It has been known that the
lanthanum  fluoride 78 on the (111) plane of the calcium fluoride 76
reflects the crystal orientation of the calcium fluoride  76 and
thereby heteroepitaxially grows on the (111) plane  (see WO
03/009015). Therefore, the deposited lanthanum 10 fluoride 78 forms a
very dense crystal structure with very  few defects. An experiment
was performed by use of the optical  element 74. The configuration of
an experimental device  used in this example is the same as the
configuration of 15 the experimental device used in Example 1 shown
in Fig.  37. Accordingly, the same constituents will be  designated
by the same reference numerals used in Example  1, in the following
description. First, the pure water 66 at the temperature of 70C  20
is put into the tank 64 which is large enough for the volume  of the
optical element 74, and a beater 68 is put into pure  water 66. The
optical element 74 is put into the pure water  



66 so that only the half of the optical element 74 is soaked  in the
pure water 66. The tank 64 containing the optical 25 element 74, the
pure water 66, and the beater 68 was put  into the
constant-temperature tank 70 to maintain a  159 NIPI+ 04-505
constant temperature. After a lapse of 3 hours while the  optical
element 74 was soaked in the pure water 66, a step  between the
portion of the optical element 74 not soaked  in the pure water 66
and the portion of the optical element 5 74 soaked in the pure water
66 is measured with the  step-measurement gauge having the resolving
power of 0.5  nm. No step was observed. In this example, the vacuum
vapor deposition method  was used as the film forming method for the
10 anti-dissolution film in order to form the anti-dissolution film
having the dense structure.  However, it is also possible to form the
anti-dissolution  film by use of the sputtering method or the CVD
method.  (Comparative Example 1) 15 An experiment was performed in
terms of a calcium  fluoride substrate without an anti-dissolution
film. Fig.  39 is a view showing a configuration of an experimental
device used in this comparative example. In this  comparative
example, a calcium fluoride substrate 72 is 20 used instead of the
optical element 50 of Example 1. Other  features of the experimental
device for this comparative  example are the same as the
configuration of the  



experimental device used in Example 1. Accordingly, the  same
constituents will be designated by the same reference 25 numerals in
Example 1, in the following description.  First, the pure water 66 at
the temperature of 70C  160 NIPF04-505  is put into the tank 64 which
is large enough for the volume  of the calcium fluoride substrate 72,
'and a beater 68 is  put into pure water 66. The calcium fluoride
substrate  72 is put into the pure water 66 so that only the half of
5 the calcium fluoride substrate 72 is soaked in the pure  water 66.
The tank 64 containing the calcium fluoride  substrate 72, the pure
water 66, and the beater 68 is put  into the constant-temperature
tank 70 to maintain a  constant temperature. After a lapse of 3 hours
while 10 soaking the calcium fluoride substrate 72 in the pure water
66, a step between the portion of the calcium fluoride  substrate 72
not soaked in the pure water 66 and the portion  of the calcium
fluoride substrate 72 soaked in the pure  water 66 was measured with
the step-measurement gauge 15 having the resolving power of 0.5 nm. A
step of 50 nm was  observed due to dissolution of the portion of the
calcium  fluoride substrate 72 soaked in the pure water 66. According
to the optical elements of Example 1 and  Example 2, it is possible
to reduce the solubility to pure  20 water at least 1/50 times as
small as that of the optical element of Comparative Example 1. Fig.
40 is a graph  showing results of measurement of steps measured after
the  



experiments of the optical elements of Comparative Example  1,
Example 1, and Example 2, which are measured with the 25
step-measurement gauge. As shown in Fig. 40, the calcium  fluoride
including the anti-dissolution film made of the  161 NIPF04-505
silicon oxide or the lanthanum fluoride does not dissolve  in the
pure water. Accordingly, no step is generated.  Therefore, it is
possible to maintain a transmission  wavefront of the projection
optical system in the 5 projection exposure apparatus when this
optical element  is embedded in the liquid contact portion of the
projection  exposure apparatus applying the liquid immersion method.
(Example 3) Fig. 41 is a view showing a configuration of a  10
transmissive optical element 50 of the Example 3. As shown  in Fig.
41, an adhesion reinforcing film 53 is formed by  depositing tantalum
(Ta) in a thickness of 10 nm on a  substrate of calcium fluoride 52
by use of the sputtering  method. The adhesion reinforcing film 53
has a function 15 to improve adhesion between the calcium fluoride 52
and  a metal film 54 to be formed on a surface of the adhesion
reinforcing layer 53. Here, the film thickness required  for
increasing adhesion is equal to or above 10 nm.  However, an effect
of adhesion can be achieved by the film  20 thickness in a range from
3 to 5 nm. Next, the metal film 54 made of gold (Au) , which film
functions as the anti-dissolution film for preventing  



dissolution in water, is formed in a thickness of 200 nm  on the
surface of the adhesion reinforcing film 53 by use  25 of the
sputtering method. Here, density of the metal film 54 can be
determined  1B2 NIPF04-505  by a critical angle in X-ray diffraction.
When the film  is formed by the sputtering method, packing density of
the  metal film 54 is equal to or above 97%. Meanwhile,  solubility
of the metal film 54 to water is equal to or 5 below 1 ppt when the
film is formed by the sputtering  method. Next, a silicon dioxide
(Si02) film 55, which  functions as the protective film for the
anti-dissolution  film for improving mechanical strength of the metal
film 10 54, is formed in a thickness of 50 nm on the surface of  the
metal film 54 by use of the sputtering method. An experiment was
performed by use of the  transmissive optical element 50. Fig. 42 is
a view showing  a configuration of a tester 80 used in this example.
As 15 shown in Fig. 42, the tester 80 includes a sample holder  81, a
circulation pump 82, a deuterated water supply device  83, and a
buffer tank 84. One surface of the sample holder  81 is open, and an
0-ring 85 is provided on the open surface.  The surface of the
transmissive optical element 50 where 20 the adhesion reinforcing
film 53, the metal film 54, and  the silicon dioxide (Si02) film 55
are formed on is attached  to the open surface of the sample holder
81 and is sealed  



with the 0-ring 85. Deuterated water is supplied from the  deuterated
water supply device 83 by use of the circulation 25 pump 82 and is
allowed to flow inside the sample holder  81 through the buffer tank
84. Here, the buffer tank 84  163 NIPF04-505  is provided in order to
prevent transmission of vibrations  of the circulation pump 82 to the
sample holder 81.  Moreover, by supplying deuterated water (D20)
instead of  pure water (H20), it is possible to measure an amount of
5 deuterated water infiltrating the surface of the  transmissive
optical element 50 in the depth direction  after a water resistance
test. A thirty-day water resistance test was conducted by  use of the
tester 80 while setting a traveling speed of  10 deuterated water on
the transmissive optical element 50 equal to 50 cm/sec. As a result,
the films formed on the  surface of the transmissive optical element
50 were not  peeled off, and there was no change in the appearance of
the transmissive optical element 50. Moreover, as a 15 result of
evaluation concerning infiltration of the  deuterated water into the
surface of the transmissive  optical element 50 in the depth
direction in accordance  with the secondary ion mass spectrometry
(SIMS), it was  confirmed that the deuterated water did not
infiltrate  20 into the metal film 54. (Example 4) Fig. 43 is a view
showing a configuration of a  



transmissive optical element 58 of the Example 4. As shown  in Fig.
43, a metal film 60 made of gold (Au), which 25 functions as the
anti-dissolution film for preventing  dissolution in water, is formed
in a thickness of 200 nm  164 NIPr04-505  on a surface of a substrate
of calcium fluoride 59 by use  of the sputtering method. Here,
density of the metal film  60 can be determined by a critical angle
in X-ray  diffraction. When the metal film 60 is formed by the 5
sputtering method, packing density thereof is equal to or  above 97%.
Meanwhile, solubility of the metal film 60 to  water is equal to or
below 1 ppt when the film is formed  by the sputtering method. Next,
a silicon dioxide (SiO2) film 61, which  10 functions as the
protective film for the anti-dissolution  film for improving
mechanical strength of the metal film  60, is formed in a thickness
of 50 nm on the surface of  the metal film 60 by use of the
sputtering method. An experiment was performed by use of the  15
transmissive optical element 58. As similar to Example  3, a
thirty-day water resistance test was conducted by use  of the tester
80 shown in Fig. 42 while setting a traveling  speed of deuterated
water on the transmissive optical  element 58 equal to 50 cm/sec. As
a result, the films 20 formed on the surface of the transmissive
optical element  58 were not peeled off, and there was no change in
the  appearance of the transmissive optical element 58.  



Moreover, as a result of evaluation concerning  infiltration of the
deuterated water into the surface of 25 the transmissive optical
element 58 in the depth direction  in accordance with the secondary
ion mass spectrometry  165 NIPF04-505  (SIMS) , it was confirmed that
the deuterated water did not  infiltrate into the metal film 60.
(Example 5) Fig. 44 is a view showing a configuration of a  5
transmissive optical element 65 of the Example 5. As shown  in Fig.
44, an adhesion reinforcing film 67 is formed by  depositing tantalum
(Ta) in a thickness of 10 nm on a  substrate of calcium fluoride 66
by use of the sputtering  method. The adhesion reinforcing layer 67
has a function 10 to improve adhesion between the calcium fluoride 66
and  a metal film 68 to be formed on a surface of the adhesion
reinforcing layer 67. Here, the film thickness required  for
increasing the adhesion is equal to or above 10 nm.  However, an
effect of adhesion can be achieved by the film  15 thickness in a
range from 3 to 5 nm. Next, the metal film 68 made of gold (Au)
functioning  as the anti-dissolution film for preventing dissolution
in water is formed in a thickness of 200 nm on the surface  of the
adhesion reinforcing film 67 by use of the  20 sputtering method.
Here, density of the metal film 67 can be determined  by a critical
angle in X-ray diffraction. When the film  



is formed by the sputtering method, packing density of the  metal
film 67 is equal to or above 97%. Meanwhile, 25 solubility of the
metal film 67 to water is equal to or  below 1 ppt when the film is
formed by the sputtering  166 NIPF04-505  method. An experiment was
performed by use of the  transmissive optical element 65. As similar
to Example  3, a thirty-day water resistance test was conducted by
use 5 of the tester 80 shown in Fig. 42 while a traveling speed  of
deuterated water on the transmissive optical element  65 was being
set equal to 50 cm/sec. As a result, the films  formed on the surface
of the transmissive optical element  65 were not peeled off, and
there was no change in the 10 appearance of the transmissive optical
element 65.  Moreover, as a result of evaluation concerning
infiltration of the deuterated water into the surface of  the
transmissive optical element 65 in the depth direction  in accordance
with the secondary ion mass spectrometry 15 (SIMS) , it was confirmed
that the deuterated water did not  infiltrate into the transmissive
optical element 65.  Although the sputtering method was used as the
film forming method in the respective examples described above,  it
is also possible to form the adhesion reinforcing film,  20 the metal
film, and the protective film for the anti-dissolution film by use of
the vacuum vapor  deposition method or the CVD method. 



(Example 6) Fig. 45 is a view showing a configuration of an  25
optical element 50 of this example. As shown in Fig. 45,  an
anti-dissolution film 52 made of magnesium fluoride  167 NIPF04.505
(MgF2) is formed on a surface 51A on a substrate's side  of an
optical member 51 and on a side surface SIB of the  optical member 51
by use of a wet film forming method, or  by spray coating in
particular. Here, the 5 anti-dissolution film 52 made of magnesium
fluoride (MgF2)  is formed in an optical film thickness of 0.65X (%=
193  nm) on the surface 51A on the substrate's side of the  optical
member 51. Here, the wet film forming method means  a film forming
method including the steps of dispersing 10 a substance intended for
forming the film in a certain  solvent, coating a film forming
surface with the solvent,  and drying and removing the solvent after
coating. The  solvent used herein should only be a solvent that
allows  uniform dispersion of the intended substance without 15
condensation or precipitation. In particular, a solvent  such as
alcohol or an organic solvent is used herein.  When forming the
magnesium fluoride (MgF2) film by use of the wet film forming method,
it is preferable to  carryout the following three types of reaction
processes.  20 (i) Hydrofluoric acid / magnesium acetate method 2HF +
Mg(CH3000)2 -. MgF2 + 2CH3COOH  (ii) Hydrofluoric acid / alkoxide
method  



2HF + Mg (C2H50) 2 -. MgF2 + 2C2H5OH (iii) Trifluoroacetate /
alkoxide method 25 2CF3COOH + Mg (C2H50) 2 , Mg (CF3COO) 2 + 2C2H50H
Mg(CF3000)2 thermal decomposition MgF2  168 NIPF04-505  After
adjusting a sol solution in these processes, it is preferable to
carry out either an organothermal  process or a hydrothermal process
as a pretreatment. In  this case, it is possible to perform any one
of or both 5 of pressurization and thermal maturation. Details of the
above-described wet film forming methods are disclosed in  US Patent
No. 5,835,275 for reference. As for the method  of coating the
substrate with the sol solution, at least  one method is selected
from the spin coating method, the 10 dipping method, the meniscus
method, the spray coating  method, and the printing method. After
coating the  substrate with the sol solution, the film is formed by
heating and removing the organic matter. The surface 51A  on the
substrate's side and the side surface 51B of the 15 optical member 51
made of calcium fluoride need to be  protected by the formed film
without leaving any spaces.  The film formed by use of the wet film
forming method has considerably low mechanical durability as compared
to  a film formed by a typical dry film forming method as  20
represented by the vacuum vapor deposition method or the sputtering
method. Accordingly, it is necessary to heat  and anneal the film to
improve the mechanical durability.  



In particular, when the film is formed on the optical  member made of
calcium fluoride by use of the wet film 25 forming method, there is a
risk of surface deformation  attributable to the linear coefficient
of expansion of  169 NIPF04-505  calcium fluoride, or occurrence of
cracks on calcium  fluoride in an extreme case if the annealing
process is  conducted by rapidly increasing the temperature. To
avoid such a trouble, it is essential to raise the  5 temperature at
a low rate. Although magnesium fluoride (MgF2) is used for the
anti-dissolution film in this example, the present  invention is not
limited to the foregoing. It is by all  means possible to use silicon
oxide (Si02) formed by the  10 wet film forming method instead.
(Example 7) Fig. 46 is a view showing a configuration of an  optical
element 53 of this example. As shown in Fig. 46,  an anti-dissolution
film 55 made of silicon oxide (Si02) 15 is formed on a surface 54A on
a substrate's side of an  optical member 54 in an optical film
thickness of 0.657  (X= 193 nm) by use of the ion beam sputtering
method.  Thereafter, a heated sided surface 54B of the optical
member 54 is coated with an alkyl ketene dimmer (AKD) 20 solution.
When the liquid alkyl ketene dimmer is  crystallized, the alkyl
ketene dimmer is formed into a  fractal structure that includes small
irregular shapes  



inside other irregular shapes. In this way, the alkyl  ketene dimmer
is formed into a superhydrophobic film 25 having a contact angle
equal to or above 160 degrees.  This phenomenon is understood by the
fact that the  170 NIPF04-505  following extended Young's formula
holds true assuming  that Of is a contact angle when a substance
having a contact  angle 8 is formed into a fractal structure having
the  surface area that is r times greater. 5 (Formula) cosof = r
(Ys'YsL) =rcos0  YL  Here, ys denotes surface tension of a solid, yL
denotes surface tension of a liquid, and YsL denotes interfacial
tension between the solid and the liquid. As shown in this  10
formula, the contact angle becomes greater when cos 8 is positive (0
> 90). In other words, the film is a more  liquid repellent. On the
contrary, the contact angle  becomes smaller when cos 8 is negative
(0 < 90) . In other  words, the film is more wettable to the liquid.
15 Although alkyl ketene dimmer having the fractal  structure is used
for the anti-dissolution film on the side  surface, it is also
possible to obtain a similar  anti-dissolution effect on the side
surface by use of other  typical water repellent processes such as a
water 20 repellent process applying a silane coupling agent (lH,  2H,
2H, 2H-perfluorooctyltrichlorosilane).  



Alternatively, it is also possible to apply a water  repellent
process using a typical electroless plating  method. 25 Results of
verification of the optical elements of  171 NIPF04-505  Example 6
and Example 7 will be described below. Magnesium fluoride (MgF2) is
formed on a bottom  surface of a rectangular solid calcium fluoride
optical  element as shown in Fig. 47 as the anti-dissolution film 5
by use of the wet film forming method, or by spray coating  in
particular. Then, magnesium fluoride (MgF2) is formed  on a side
surface of the calcium fluoride optical element  as the
anti-dissolution film by use of the wet film forming  method, or by
spray coating in particular. The 10 anti-dissolution film identical
to the anti-dissolution  film of Example 6 is formed on an optical
element 57 shown  in Fig. 47. This optical element shown in Fig. 47
is  defined as a sample 1. Silicon dioxide (SiO2) is formed on a
bottom surface  15 of a rectangular solid calcium fluoride optical
element  as shown in Fig. 48 as the anti-dissolution film by use  of
the ion beam sputtering method. Then, the alkyl ketene  dimmer
solution is coated and dried on a side surface of  the calcium
fluoride optical element as the 20 anti-dissolution film. The
anti-dissolution film  identical to the anti-dissolution film of
Example 7 is  formed on an optical element 58 shown in Fig. 48. This



optical element shown in Fig. 48 is defined as a sample  2. 25
Magnesium fluoride (MgF2) is formed on a bottom  surface of a
rectangular solid calcium fluoride optical  172 NIPF04-505  element
as shown in Fig. 49 as the anti-dissolution film  by use of the wet
film forming method, or by spray coating  in particular. A side
surface thereof is uncoated. This  optical element 59 shown in Fig.
49 is defined as a sample  5 3 (Reference Example 1). The following
experiment was performed by use of the  samples 1, 2, and 3. Fig. 50
is a view showing a  configuration of an experimental device. Pure
water 66  at the temperature of 70C is put into a tank 64 made of 10
polyether ether ketone (PEEK) which is large enough for  the volumes
of the optical elements 57, 58, and 59. A  beater 68 made of Teflon
(registered trademark) is put into  the pure water 66. As shown in
Fig. 50, the optical  elements 57, 58, and 59 are put into the pure
water 66 so 15 that only the bottom surfaces of the optical elements
57,  58, and 59 are soaked in the pure water 66. The tank 64
containing the optical elements 57, 58, and 59, the pure  water 66,
and the beater 68 is put into a  constant-temperature tank 70 to
maintain a constant  20 temperature. The tank 64 used herein has a
sufficiently large size  relative to the volumes of the optical
elements 57, 58,  



and 59 to reduce a liquid level change attributable to  evaporation
of the pure water 66. Moreover, the beater 25 68 is used for
maintaining constant solubility even when  the optical elements 57,
58, and 59 dissolve in the pure  173 NIPF04.505  water 66 and thereby
generate a buffer solution. After  a lapse of 3 hours while soaking
the optical elements 57,  58, and 59 in the pure water 66, steps
between the bottom  surfaces and the side surfaces respectively of
the optical 5 elements 57, 58, and 59 were measured with a
step-measurement gauge having resolving power of 0.5 nm.  As shown in
Fig. 51, the bottom surfaces and the side surfaces of the optical
element 57 (the sample 1) and the  optical element 58 (the sample 2)
did not dissolve at all.  10 On the contrary, in terms of the optical
element 59 (the sample 3), the side surface was corroded in an amount
of  about 50 nm. Although the central part of the bottom  surface of
the optical element 59 (the sample 3) did not  change. However, as
shown in Fig. 52, the 15 anti-dissolution film in the periphery of
the bottom  surface was partially destroyed due to the corrosion on
the side surface. (Example 8) Fig. 53 is a view showing a
configuration of a  20 transmissive optical element 50 of Example B.
As shown  in Fig. 53, a silicon dioxide (Si02) film 54 is formed in
a thickness of 200 nm on a surface of a substrate of calcium  



fluoride 52 by use of the sputtering method. Next, a silicon dioxide
(Si02) film 56 is formed in  25 a thickness of 50 nm by use of the
wet film forming method,  or by spin coating in particular, on a
surface of the  174 NIPF04-505  silicon dioxide (Si02) film 54, which
is formed on the  surface of the substrate of calcium fluoride 52 by
use of  the sputtering method. Specifically, the surface is  coated
with a commercially available sol-gel silica 5 solution for wet film
forming at a rotating speed of the  substrate in a range from 1000 to
2000 revolutions per  minute. Here, the film thickness of the silicon
dioxide  (Si02) film 56 to be formed by the wet film forming method
depends on the concentration and viscosity of the sol-gel 10 silica
solution for wet film forming, the rotating speed  of the substrate
in the spin coating process, the  temperature, humidity, and the
like. Accordingly, it is  essential to produce an analytical curve
concerning the  film thickness of the silicon dioxide (Si02) film 56
15 relative to the concentration and the viscosity of the  sol-gel
silica solution for wet film forming by use of the  concentration and
the viscosity of the sol-gel silica  solution for wet film forming as
parameters. Meanwhile,  the film thickness of the silicon dioxide
(Si02) film 56 20 formed by the wet film forming method is set to 50
nm in  order to minimize tensile stress on the film. When the  film
thickness of the silicon dioxide (Si02) film 56 is  



set equal to or above 150 nm, it is necessary to pay  attention
because cracks may be generated on the film due  25 to stress
relaxation. Next, the silicon dioxide (SiO2) film 56 is subjected
175 NIPF04.505  to an annealing process in the air at the temperature
of  1600C for two hours to evaporate alcohol, which is a main
solvent of the so1-gel silica solution for wet film forming,  and to
sinter the silicon dioxide (Si02) film 56 formed 5 by the wet film
forming method. The annealing process is  performed on the silicon
dioxide (Si02) film 56 in the air  and the entire substrate of
calcium fluoride 52 is evenly  heated. Accordingly, no damage or
variation in the shape  of the surface occurs. 10 An experiment was
performed by use of the  transmissive optical element 50 with the
tester 80 shown  in Fig. 42. As shown in Fig. 42, the tester 80
includes  the sample holder 81, the circulation pump 82, the
deuterated water supply device 83, and the buffer tank 84. 15 One
surface of the sample holder 81 is open, and the O-ring  85 is
provided on the open surface. The surface of the  transmissive
optical element 50 where the silicon dioxide  (Si02) films 54 and 56
are formed on is attached to the  open surface of the sample holder
81 and is sealed with 20 the 0-ring 85. Deuterated water is supplied
from the  deuterated water supply device 83 by use of the circulation
pump 82 and is allowed to flow inside the sample holder  



81 through the buffer tank 84. Here, the buffer tank 84  is provided
in order to prevent transmission of vibrations 25 of the circulation
pump 82 to the sample holder 81.  Moreover, by supplying deuterated
water (D20) instead of  176 NIPF04-505  pure water (H20), it is
possible to measure an amount of  deuterated water infiltrating the
surface of the  transmissive optical element 50 in the depth
direction  after a water resistance test. 5 A thirty-day water
resistance test was conducted by  use of the tester 80 while a
traveling speed of deuterated  water on the transmissive optical
element 50 was being set  equal to 50 cm/sec. As a result, the films
formed on the  surface of the transmissive optical element 50 were
not 10 peeled off, and there was no change in the appearance of  the
transmissive optical element 50. Moreover, as a  result of evaluation
concerning infiltration of the  deuterated water into the surface of
the transmissive  optical element 50 in the depth direction in
accordance 15 with the secondary ion mass spectrometry (SIMS) , it
was  confirmed that the deuterated water did not infiltrate  into the
silicon oxide films. The sputtering method is used as the dry film
forming  method in Example 8. Instead, it is possible to form the  20
film for preventing dissolution of the transmissive optical element
by use of the vacuum vapor deposition  method or the CVD method. 



(Example 9) Next, a transmissive optical element of Embodiment  25 9
will be described. A magnesium fluoride (MgF2) film is  formed in a
thickness of 70 nm on a heated calcium fluoride  177 NIPF04.505
substrate by use of the vacuum vapor deposition method.  Here, when
heating calcium fluoride to form the magnesium  fluoride (MgF2) film
in a vacuum, the entire calcium  fluoride substrate should be evenly
heated in order to 5 avoid damage or variation in the shape of the
surface  attributable to a thermal impact on the calcium fluoride
substrate having a high thermal expansion coefficient.  Moreover,
when heating or cooling the calcium fluoride  substrate, it is
necessary to perform heating or cooling  10 at a low rate.
Subsequently, a silicon dioxide (SiO2) film is formed  in a thickness
of 50 nm by use of the wet film forming method,  or by spin coating
in particular, on a surface of the  magnesium fluoride (MgF2) film,
which is formed on the 15 surface of the substrate of calcium
fluoride by use of the  vacuum vapor deposition method. Specifically,
the  surface is coated with a commercially available sol-gel  silica
solution for wet film forming at a rotating speed  of the substrate
in a range from 1000 to 2000 revolutions 20 per minute. Here, the
film thickness of the silicon  dioxide (Si02) film to be formed by
the wet film forming  method depends on the concentration and
viscosity of the  



sol-gel silica solution for wet film forming, the rotating  speed of
the substrate in the spin coating process, the 25 temperature,
humidity, and the like. Accordingly, it is  essential to produce the
analytical curve concerning the  178 NIPF04-505  film thickness of
the silicon dioxide (Si02) film relative  to the concentration and
the viscosity of the sol-gel  silica solution for wet film forming by
use of the  concentration and the viscosity of the sol-gel silica 5
solution for wet film forming as parameters. Meanwhile,  the film
thickness of the silicon dioxide (SiO2) film  formed by the wet film
forming method is set to 50 nm in  order to minimize tensile stress
on the film. When the  film thickness of the silicon dioxide (Si02)
film is set 10 equal to or above 150 nm, it is necessary to pay
attention  because cracks may be generated on the film due to stress
relaxation. Next, the silicon dioxide (Si02) film is subjected  to
the annealing process in the air at the temperature of  15 160C for
two hours to evaporate alcohol, which is the main solvent of the
sol-gel silica solution for wet film forming,  and to sinter the
silicon dioxide (Si02) film formed by  the wet film forming method.
The annealing process is  performed in the air and the entire
substrate of calcium 20 fluoride is evenly heated. Accordingly, no
damage or  variation in the shape of the surface occurs. An
experiment was performed by use of the  



transmissive optical element of Example 9. As similar to  Example 8,
a thirty-day water resistance test was 25 conducted by use of the
tester 80 shown in rig. 42 while  setting a traveling speed of
deuterated water on the  179 NIPF04-505  transmissive optical element
of Example 9 equal to 50  cm/sec. As a result, the films formed on
the surface of  the transmissive optical element were not peeled off,
and  there was no change in the appearance of the transmissive 5
optical element. Moreover, as a result of evaluation  concerning
infiltration of the deuterated water into the  surface of the
transmissive optical element in the depth  direction in accordance
with the secondary ion mass  spectrometry (SIMS) , it was confirmed
that the deuterated 10 water did not infiltrate into the silicon
oxide film.  The vacuum vapor deposition method was used as the  dry
film forming method in Example 9. Instead, it is  possible to form
the film for preventing dissolution of  the transmissive optical
element by use of the sputtering  15 method or the CVD method.
(Example 10) Fig. 54 is a view showing a configuration of a
transmissive optical element 58 of Example 10, which has  an
anti-reflection effect at a central wavelength of 193.4 20 nm. As
shown in Fig. 54, a lanthanum fluoride (LaF3) film  60 as a first
layer, a magnesium fluoride (MgF2) film 61  as a second layer, and a
lanthanum fluoride (LaF3) film  



62 as a third layer are formed on a substrate made of calcium
fluoride (CaF2) 59 heated by resistance heating in 25 accordance with
the vacuum vapor deposition method.  Subsequently, a silicon dioxide
(SiO2) film 63 as a first  180 NIPF04-505  film constituting part of
a fourth layer is formed in an  optical thickness of 0.08, by
electron gun heating in  accordance with the vacuum vapor deposition
method. Then,  the calcium fluoride 59 including the first layer to
part 5 of the fourth layer is taken out of a vacuum chamber.
Thereafter, a silicon dioxide (Si02) film 64 as a second  film
constituting part of the fourth layer is formed in  an optical
thickness of 0.04% by the wet film forming  method, or by spin
coating in particular. Next, the 10 silicon dioxide (Si02) film 64 is
subjected to the  annealing process in the air at the temperature of
160C  for two hours to sinter the silicon dioxide (Si02) film  64
formed by the wet film forming method. Refractive  indices n relative
to a light flux having the central 15 wavelength of 193.4 nm, and
optical film thicknesses nd  relative to the light flux having the
central wavelength  of 193.4 concerning the substrate, oxide films,
and the  like constituting the transmissive optical element 58 will
be listed below: 20 Substrate: CaF2 (n= 1.50); First layer: LaF3 (n=
1.69, nd= 0.60);  Second layer: MgF2 (n= 1.43, nd= 0.666);  



Third layer: LaF3 (n= 1.69, nd= 0.52);  Fourth layer: Si02 (n= 1.55,
nd= 0.12); and 25 Medium: H2O (n= 1.44) An experiment was performed
by use of the  181 NIPF04-505  transmissive optical element 58. As
similar to Example  8, a thirty-day water resistance test was
conducted by use  of the tester 80 shown in Fig. 42 while a traveling
speed  of deuterated water on the transmissive optical element 5 58
was being equal to 50 cm/sec. As a result, the films  formed on the
surface of the transmissive optical element  58 were not peeled off,
and there was no change in the  appearance of the transmissive
optical element 58.  Moreover, as a result of evaluation concerning
10 infiltration of the deuterated water into the surface of  the
transmissive optical element 58 in the depth direction  in accordance
with the secondary ion mass spectrometry  (SIMS) , it was confirmed
that the deuterated water did not  infiltrate into the films. 15
(Example 11) Fig. 55 is a view showing a configuration of a
transmissive optical element 65 of Example 11. As shown  in Fig. 55,
a surface treatment is performed on a substrate  of calcium fluoride
66. Specifically, the substrate of 20 calcium fluoride 66 is polished
with a #2000 grind stone  to increase surface roughness and the
surface area thereof.  Then, the substrate of calcium fluoride 66,
which is  



subjected to the surface treatment by polishing with the  grind
stone, is coated with a silicon dioxide (Si02) film 25 67, which
serves as an oxide anti-dissolution film, in a  thickness of 100 nm
by the wet film forming method, or by  182 NIPF04.505  spin coating
in particular. Next, the silicon dioxide  (SiO2) film 67 is subjected
to the annealing process in  the air at the temperature of 160C for
two hours to sinter  the silicon dioxide (SiO2) film 67 formed by the
wet film  5 forming method. An experiment was performed by use of the
transmissive optical element 65. As similar to Example  8, a
thirty-day water resistance test was conducted by use  of the tester
80 shown in Fig. 42 while setting a traveling 10 speed of deuterated
water on the transmissive optical  element 65 equal to 50 cm/sec. As
a result, the films  formed on the surface of the transmissive
optical element  65 were not peeled off, and there was no change in
the  appearance of the transmissive optical element 65. 15 Moreover,
as a result of evaluation concerning  infiltration of the deuterated
water into the surface of  the transmissive optical element 65 in the
depth direction  in accordance with the secondary ion mass
spectrometry  (SIMS) , it was confirmed that the deuterated water did
not  20 infiltrate into the films. (Reference Example 2) Fig. 56 is a
view showing a configuration of a  



transmissive optical element 73 of Reference Example 2,  which has an
anti-reflection effect at a central 25 wavelength of 193.4 nm. As
shown in Fig. 56, a lanthanum  fluoride (LaF3) film 75 as a first
layer, a magnesium  183 NIPF04.505  fluoride (MgF2) film 76 as a
second layer, and a lanthanum  fluoride (LaF3) film 77 as a third
layer are formed on a  substrate made of calcium fluoride 74 heated
by resistance  heating in accordance with the vacuum vapor deposition
5 method. Subsequently, a silicon dioxide (Si02) film 78  as a fourth
layer is formed by electron gun heating in  accordance with the
vacuum vapor deposition method. Here, the lanthanum fluoride (LaF3)
film 75 as the  first layer, the magnesium fluoride (MgF2) film 76 as
the  10 second layer, and the lanthanum fluoride (LaF3) film 77 as
the third layer collectively constituting the  transmissive optical
element 73 of Reference example 2  have the same refractive indices n
and the same optical  film thicknesses nd relative to the light flux
having the 15 central wavelength of 193.4 nm as those of the
lanthanum  fluoride (LaF3) film 60 as the first layer, the magnesium
fluoride (MgF2) film 61 as the second layer, and the  lanthanum
fluoride (LaF3) film 62 as the third layer  collectively constituting
the transmissive optical 20 element 58 of Example 10. Meanwhile, the
silicon dioxide  (Si02) film 78 as the fourth layer has the same
refractive  index n and the same optical film thickness nd relative  



to the light flux having the central wavelength of 193.4  nm as those
of the silicon dioxide (SiO2) film 63 and the 25 silicon dioxide
(Si02) film 64 constituting the fourth  layer of Example 9. 184
NIPF04.505  An experiment was performed by use of the transmissive
optical element 73. As similar to Example  8, a thirty-day water
resistance test was conducted by use  of the tester 80 shown in Fig.
42 while setting a traveling 5 speed of deuterated water on the
transmissive optical  element 73 equal to 50 cm/sec. After the water
resistance  test, infiltration of the deuterated water into the
surface of the transmissive optical element 73 in the depth
direction was evaluated in accordance with the secondary 10 ion mass
spectrometry (SIMS). As a result, deuterated  water was detected from
the inside of the silicon dioxide  (Si02) film 78 as the fourth layer
formed on the surface  of the transmissive optical element 73, and in
the vicinity  of the interface with the lanthanum fluoride (LaF3)
film  15 77 as the third layer. In comparison with the transmissive
optical element  of Reference example 2, the transmissive optical
element  of Embodiment 10 can prevent infiltration of and corrosion
by deuterated water without changing the optical 20 characteristic
thereof. Fig. 57 is a graph showing  angle-reflectivity
characteristics when light from a  medium (pure water) is incident on
the transmissive  



optical elements of Example 10 and Reference Example 2.  A solid line
90 in Fig. 57 indicates angle-reflectivity 25 characteristics of S
polarization components of the light  incident on the transmissive
optical elements of Example  185 NIPF04.505  10 and Reference Example
2. Meanwhile, a dashed line 91  in Fig. 57 indicates
angle-reflectivity characteristics  of P polarization components of
the light incident on the  transmissive optical elements of Example
10 and Reference 5 Example 2., As shown in Fig. 57, the
angle-reflectivity characteristics of the S  polarization components
and the P polarization components  of the light incident on the
transmissive optical element  are equal between Example 10 and
Reference Example 2. 10 Accordingly, it is apparent that the
transmissive optical  elements of Example 10 and Reference Example 2
have the  identical optical characteristics. Industrial Applicability
15 As described above, the present invention can  provide an optical
element configured to avoid a tip  portion of a projection optical
system from being corroded  by a liquid when the liquid immersion
method is applied.  Therefore, according to the present invention, it
is 20 possible to provide an exposure apparatus which is capable  of
sufficiently preventing dissolution of the optical  element and
maintaining optical performance of the  projection optical system
over a long time period. 



186 Claims  What is claimed is: 1. An optical element to be used for
an exposure apparatus configured to  illuminate a mask with an
exposure light beam for transferring a pattern on the mask onto  a
substrate through a projection optical system and to interpose a
given liquid in a space  between a surface of the substrate and the
projection optical system, the optical element  comprising: a
transmissive base material having a first surface on which the
exposure light  beam enters into the transmissive base material, a
second surface on which the exposure  light beam exits from the
transmissive base material, and a side surface of the  transmissive
base material, and a light-shielding film provided on the side
surface of the transmissive base  material on a substrate side of the
projection optical system. 2. The optical element according to claim
1, wherein the light-shielding film is formed of any of a metal film
and a metal  oxide film. 3. The optical element according to claim 2,
wherein the metal film is made of at least one selected from the
group consisting  of An, Pt, Ag, Ni, Ta, W, Pd, Mo, Ti, and Cr, and
the metal oxide film is made of at least one selected from the group
consisting of  Zr02, Hf02, Ti02, Ta205, SiO, and Cr203. 4. The
optical element according to. claim 1, wherein the light-shielding
film prevents irradiation of the exposure light beam  onto a sealing
member. 5. The optical element according to claim 1,  187 wherein the
second surface of the transmissive base material contacts the given  



liquid while the mask is illuminated with the exposure light beam. 6.
An exposure apparatus configured to illuminate a mask with an
exposure  light beam for transferring a pattern on the mask onto a
substrate through a projection  optical system, and to interpose a
given liquid in a space between a surface of the  substrate and the
projection optical system, the exposure apparatus comprising: a
transmissive base material having a first surface on which the
exposure light  beam enters into the transmissive base material, a
second surface on which the exposure  light beam exits from the
transmissive base material, and a side surface of the  transmissive
base material, and a light-shielding film provided on the side
surface of the transmissive base  material on a substrate side of the
projection optical system. 7. The exposure apparatus according to
claim 6, wherein the light-shielding film is formed of any of a metal
film and a metal  oxide film. 8. The exposure apparatus according to
claim 7, wherein the metal film is made of at least one selected from
the group consisting  of Au, Pt, Ag, Ni, Ta, W, Pd, Mo, Ti, and Cr,
and the metal oxide film is made of at least one selected from the
group consisting of  ZrO2, Hf02, TiO2, Ta205, SiO, and Cr203. 9. The
exposure apparatus according to claim 6, wherein the second surface
of the transmissive base material contacts the given  liquid while
the mask is illuminated with the exposure light beam. 10. The
exposure apparatus according to claim 6, further comprising:  a
sealing member which prevents leakage of the given liquid, 188
wherein the light-shielding film is provided between the transmissive
base  material of the optical element and the sealing member. 189 








