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DESCRI PTI ON OPTI CAL ELEMENT AND EXPOSURE DEVI CE Technical Field 5
The present invention relates to an optical elenment wused in a
proj ecti on exposure apparatus adopting the 1liquid inmersion nethod,

which is applied to the |ithography step for transferring arpp§Ksos
pattern onto a photosensitive substrate to produce devices -

i ncluding, 10 for exanple, sem conductor elenments, image pickup

devices (such as CODs), liquid crystal display elenments, and thin
fil m magnetic heads. The prg?é%"ts'i%\m%'lg%@%l ates to an

exposure aggar atus applying the optical element. 15 Background Art A
proj ection I%M%EMTég&E@%WEEWGE transfer a pattern image
of areticle as a mask onto each shot area on a resist-coated wafer
(or a glass plate and so forth) serving as a photosensitive

substrate ©ARAWIR 30 & Hrpj ection optical systemis used for
manuf acturing sem conductor elenents and the |ike. A reduced

Proj ecti on type BxPYSW L APRAH RS A féf.gl?g%)t?ﬁ%%!rg‘@l 15%1f£m§£‘9

repeat nethod has been conventionally use 0] ectio

exposur e appasatiys &N pFfedosss. «2pIManbELe 3 RO SﬁE%‘EQn@(p’%‘?é’re

apparatus applying a step-and-scan nethod configured to Scanan
expose theliguldl PEG#e3I@3 od etiStigo@nd Lhecwaf als sypghraneusly ispe
al so draw ng
lithography step for transferring a mask pattern onto a
photosensitive substrate to produce devices including,
10 forexample,semiconductorelements,imagepickupdevices
{such as CCDs), 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



attentions in these days. Resolution of the projection optical system
incorporated in the projection exposure apparatus becones 5 higher
as an exposure wavel ength used therein becones shorter or as the
numerical aperture of the projection optical system beconeggp )
Therefore, the exposure wavelength used in the projection exposure
apparatus is becom ng shorter every year while the nuneri cal
aperture 10 of the projection optical systemis gradually increasing
al ong deveFBpiEnts apdfitHee predeesssyonlcdg ororus mnufsaca Lsbngrawing
integrated circuits. Al though the dom nant exposure wavel ength today
i s 248 nm ®f tanRAPTSe¥dt nerefasdrysan ArF exciner |aser having a
shorter 15 exposure r@gelength of 193 nmis also being put into

practical use reteMtyiPAci ddnt afly, BredEatHeow edoptionli n stheten
wavel engt h, _of exposure.light, types of glass materials having
suffici entl%g P glratstreacﬁéﬁ'i %r?c@f%?tb‘BPa‘?’fﬁ?\@uﬁgﬁﬂpaz@a?%é?ﬁsﬁctwes
per'f or manca PSR Ml tal e R BRrEAeRE et cPhrcBids b ones
proj ection r r S c ihquid [Sion pe _confi gured
to fill a Es’lggggége?v\r:%%a ?%oﬁg{ﬂeg&r{: &cépo(?}%g%?o?gc?%npgﬁji% Lon

syst em andg tZéaiué@%Q%dﬁbéb@f@§rl¥£%3r9 l&%g&gg?#&gi%3%?@%¥b§gr§n

organi c solvent, and to | nprove resolution
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q becoming shorter every vear while the numerical aperture

10 of the projection optical system is graduzally 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. 1In this context,
there is disclosed a projection exposure apparatus of a
liguid immersion type configured tec £ill 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

sclvent, and to iImprove resolution by utilizing a



becones 1/n (n denotes a refractive index of liquid usually ranging
fromabout 1.2 to 1.6) times as large as the wavelength in the air
(Japanese Patent Application 5 Laid-Qpen Gazette No. Hei 10-303114
(JP 10-303114 A)). Disclosure of the Invention The project \@Pros-505
optical systemcontacts the liquid when configuring this projection
exposure apparatus of the 10 liquid imersion type as the projection
exposure apgaratus applying the step and repeat nethod. Accordingly,
there is B ﬁP@qu%ﬁt§Qﬁghsm@TQhenﬁﬁW@fmmﬁQﬁuﬁ©dﬂgMﬁ¢mli§u$ﬂem
contacting the liquid may be corroded by the Iiquid, thereby |eading
to a fail uPESPESSLE ARN B AgES teagm FEaft1Ys depofahteul Vel le,
an exposure _praocess_is perforned while noving a wafer when
configurinﬁagﬁéﬁﬂxﬁﬁﬁTiS%O@%bdéu?etoahba§htGém@ﬁ tde LRrgded as the

i mrersion type.as the projection, exposure apparatus applying the

st ep- and- s"(‘:’ﬁkrj{er]fgtnﬁ - 20° A g’(?r dPrd y,{%iatpqnsesr?ecgﬂ%?rn;ﬁ t ¥y jcahion

space bet At r0j L on..opti.cal /S d e fer. wth the
B o e S B e e L (et R E RN N
optical systemcontacts the liquid, there is arisk that the tip
portion of the projection optical system 25 contacting the liquid may

be corrodediByibke&dd QW denet RELERY 1l 8ading to a failure to obtain a
desired optical 3 N PP04.505 performance. An object of this
invention is to mi®vheejantaRtl ¢¥tical system contacts the liquid
when configuring this projection exposure apparatus of the
10 1iquidimmersiontypeam;theprojectionexposureapparatus
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 £iil 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 xrisk that
the tip portion of the projection optical system

25 contacting the liquid may be corroded by the liguid,

thereby leading to a failure to obtain a desired optical



el enent configured to avoid a tip portion of a projection optical
system from being corroded by a liquid when 5 applying the liquid
i mrer si on nethod, and to provide an exposure apparatus including the
optical elenment. To attain the object the present invention qu\gli. gs
the follow ng optical elenments and exposure apparatuses applying any
of the optical elements. 10 A first aspect of the present invention
provides an optical elenment to be used for an exposure appar at us,
which is eenfirgoweedao illumnate a mask with an exposure |ight
beam for transferring a pattern on the mask onto a substrate through
a projection optit&PIyat ef ahd st onySnitriteer peseoapgbvetel dguimkide R
space between a surface of the substrate and the projection optical
system HefeeMmephecapiilomresd dreatoilscrutiés pottion @fita pdicsisat ttdon
menber provi gd n a sgrface of a transm ssive optical elenment on
the substr3¥&t§2si d2YdF *Phef 17Bj ECtlinch epEresdled 2oy syst bituddcoriémg
to the optical el t of, the first aspect, _the first _
anti - di SSO%%?I gn ﬁg‘r%%l‘eer cj‘iJ‘sqq‘Jo(f1 nJErH“%"ﬁSE‘EE UGtede 204 (59 PeFFiade)anf
the opticaly {Pg at . r@aq_r?e{ e; iﬁis sible to preyent
di ssol ution % tHEe Sptica lg%e%r%ﬁ u&ﬁ&‘@% %e‘?@f)&/c?g FREREN an
optical performangce of, they PrLj-g6t: optical system, 4 N PFO4. 505
A second aspect of the present ijnveﬂn%%oenggreosvelnd:e D Tt @41° Vel Fent
accordi ng ¢tRethe1iblsh ASRRGIcaT e MWERLs ang exposure apparatuses
applying any of the optical elements.

10 A first aspect of the present invention provides an
opticalelement1x>beusedforaﬂ1exposureapparatus,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 liguid 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 cn 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.



the first anti-dissolution nenber includes a single-layer film
having a protective function to protect the optical 5 elenent
against the liquid. Athird aspect of the present invention provides
the optical elenment according to the second aspect, in “hiﬁﬁgﬁ%&ﬁ
single-layer filmhas solubility in pure water equal to or 2.0
x 10-' grans per hundred grans of water. 10 According to the optical
el ements of the second and third aspects, it is possible to reduce
an interface in A coapanilsespwictth cef mhd ipaysenti bavehharef yevideds
possible to mnimze an adverse effect of a chemi cal reaction which
is apt to BRewPihealthlenerguistdadding dcesha S ird b aapddd,eLhagei & a
protective |ayer serving as an_ anti-dissolution film Moreover, it
i s easier toefiinst et ¥1dhsaeloshparvenberf tnohbides okithde-layer
anti-dissolpytion film including the nultilayer film A fourth aspect
of the prebthf PAVEREI BnPpPEFCIese Zondiel wpth @ alr e ek rith @ cgoridiay
to tge firsi asB%ct, i.n w?ich he first anti-dissolution nenber
i ncl Gdes a~ B EPFafd 105 nFh&vith§ 4 %r ot ecti ve function to protect
the optical el . ainst_.th iguid and, an anti-reflection

i R PR R b P e R0 U e T 98 e

function to preveént ref P& on _

fifth aspeghofbathe1BRERNG JOventl on prayl des.dbe ( aptical; el grent

according to the four aspect,” 1n ch

mul tilayercf &l ag1keast,dNe; I havi nag. |ubility in pure
wat er equal to o?ébelomﬁ&.OQEH%S§?%bF§£?bJ¥&&YQU1%Que water 'eqls]

to or below 1.0 x 1077 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 ah
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 expocsure light beam.
25 A fifth aspect of the present invention provides the

optical element according to the fourth aspect, in which



per hundred grans of water as the outernost |ayer, and mean

refl ectance of the nmultilayer filmis equal to or below 5 2% when an
exit angle of the exposure light beamis set to 50 degrees. A sixth
aspect of the present invention provides the optical el enpmﬁm(wos
according to the fourth aspect, in which the nultilayer fi

includes n layers (n is an integer), 10 and when the |ayers are
defined sequentially as a first |layer, a second |layer, and so forth
to an n-tht ﬁy@mﬂiﬁlewerhéﬂkmeahoimdEWeincand@yﬁ$Umbgé@dHéﬁ%ﬁ%
has a higher refractive index than a refractive index of any of the
adj acent opeighlléltenéntoand watad) ageal By et Berber €do1b 108y &frans
Moreover, the first to the n-th |ayers have the anti-reflection
function a8%h e d QIR fthvaspeces dthe hu terawstt Layeent a0d mean

rovi des he. optical el nt according to the fourth aspect, in
\R,hi ch the ‘%r%ﬁlegéﬁgl‘:ef ﬂ%ﬁ%&l%’él%ayéyeﬁél% ijss eginad0 tintosydrdlqw
and en t I rs..are.defined sequentially as a first layer, a
seco‘ﬁg Iay%%,wgﬁg %8 F%rl&h atn(;ja% =t ?a’?%?gslﬂ’éfan&ltgll?_ét gl?taélfhﬁtﬁstset
| ayer, an d= AU ayer has a |ower refractive index than a
refracti vepgnggxggggfg%yg'of t he adj acent optical elenent and an

adj acent even- nanbered ggPle@ﬁer %\fgé gjoe/eegémg Qen\%}%féoﬁ%%he, gég’fégi

| ayers have the anti-reflection nction as a

Accor di ng dpr1bg10plbfahtehem®y iy 3c3y 9N fu tde JQudh t,q seventh
aspects, the nmultilayer filmis formne
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 laver, 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. Morxeover, 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 lavyer
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.



on the surface of the optical elenent, and the nmultilayer film has
the protective function to protect the optical 5 el enent agai nst the
liquid and the anti-reflection function to prevent reflection of the
exposure |ight beam (incident |ight froman exposure Ilghtgﬁgirce
Therefore, it is possible to provide the stable opti cal 45
wi t hout being corroded by the liquid. Hence it 10 is possible to
provide the optical element which can realize a high-performance
proj ecti on exposwa appagatusthbavbrg daigh res titd PN Be | F gs&he
depth of focus by use of the liquid inmersion nethod. An eighth
aspect of fherphesenseivavnént aepeprtoy,i des mlf #ie: 9pticalmel €MmMtned
according to the first aspect, in which the first anti-dissolution
nmenber is fRdhofsuEtfdeasit diee ogeliord B Faroem t heagd il @RS iStd ygh: of
MyF2, LaF3, SrF2, YF3, LuF3, HfF4, NdF3, GJF31 YbF3, DyF3, AlF3,
Na3Al F6, SNaF BAFFShe RIPOBCISIOR, fThORiONyOP BiO2edd 208 cfriliXial
Tazog, and Nb205. 20 According to_the optical elenment of the eighth
aspelt, i? @eBESs?BPén§G séPect 1HRe ight endi sédleut Rol imaelfdre tloiotbe
formed on EtIC | el eman% Therefore, it is possible to select
g s

t he nost ap%?’% PEt & 4t 7Y AP ESHE Bt P61 ORefbel B AERP DT € hel Hat drdast
f th t 2 t _wh th t | el t
"5 placed (TReLELEE o 4RE Ra0h (Qod PoPUdcG ngfmg op B

el enent, apg gfglngO{lLtS ni.n t.he present
i nvention prov des B po@sﬂf;f@ £6 PBLRA2°REL (20 optica

element w1thout being corroded by the ligquid. 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 liguid immersion method.

An elghth 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 MgF;, LaFs, SrF,, YFs,
LuFs, HfFy, NdF3, GdFs, YbFs, DyFs, AlFs, NasAlFs, 5NaF-3A1Fs,
Al,0s, Si0Oz, TiO2, Mg0, HfO,, Cr:0s3, Zr0:;, Tas0s, and Nb;0s.

20 According to the optical element of the eighth aspect,
it is possible to select the anti-dissclution member to
be formed on the optical element. Therefore, it is
possible to seiect the most appropriate anti-dissolution
member based on the material of the coptical element, the

25 environment where the optical element is placed, the type

of the liquid used for soaking the optical element, and

=}



optical elenment according to the fourth aspect, in which the

mul tilayer filmincludes n layers (nis an integer) 5 and has a | ayer

structure, which is expressed as first I|ayer/ second |layer/ other

successive layers / n-th layer, of one selected fromthe 9@5@4_ 5

consisting of (i) LaF3/MgF2, (ii) MgF2/Si @2, (iii) MF2/ SiOZFSi 69

(iv) LaF3/MgF2/ Si @2, (v) LaF3/ MgF2/ Al 203, (vi) LaF3/ MgF2/ Al 2C3/ Si 2,

(vii) 10 LaF3/ MgF2/ LaF3/ MgF2, (viii) LaF3/ MgF2/ LaF3/Si @2, (iXx)

LaF3/ MyF2/te31 MgF2/ Si 02, and (x) LaF3/ MgF2/ LaF3/ Al 208/ Si O2 .

According to the optical elenent of the ninth aspect, the nmultilayer

fil mhas the prétesniieasnacti oh floe parag aren inkfert Ien pard wikde &nchd S

therefore capable of protecting the optical elenent against water as

the i nmer QR FEYuf HemBRt pemoyedmsy oot hexdplrech Hempees it divs which

possi bl e thhegr ovide the optical element which can realize a

hi gh- per f drifalte *pt Y&t iFd Mexpusiiee aphat aY85Shdvi Ag Binghnteger)

resolutio a Large depth of focus by use of the liquid

i rmeési on%n%a#]ﬂ%%.g “Ahaty%é: SSS#EUTF%?W f"?’iléc%bds‘%i%ﬂér?ﬁsﬁ?io@isdeflmﬁet

stable opt] i.t hout .causing corr.osion by the liquid for

the given ta!frégiﬁgrel og.é&\g[yleen )Jhog ﬁé:cfugf:etsﬁewp?r g?éﬁ%si 2\}“e'n1i1i‘ dRYer,

provi des t 255 opLL¢al nent cording to the first aspec in

whi ch the PPstsan%FiE%idsg%?utl on Or’%%rco%ss%soi?]r%% 00{/?%19 %%Eé%}tMg%Z'

NI PFO4- 505 ; sonesd# | /8 :fr mmg 4 s8le fr r ,

consi sting of ad vzacmjjr)zn'vagporlryge el Fi oﬁgtﬁggﬁbd?%hhﬁ%ﬁaﬁg%nﬁ/agsjsq?st ed
(v) LaFs/MgF,/Al;0s, (vi) LaF3;/MgF,;/B1:0:/S10,, (vii)

10 LaF3/MgF2/LaF3/MgF2, (Vlii) Lan,/Mng/LaF;g/SiOz, (lX)
LaF3/MgF:/LaF3/MgF,/S10,, and (x)
LaFanng/LaF3/Alzo3/SiOz .

According to the optical element of the ninth aspect,
themultilayer film has the protective function for a given

15 time period, and is therefore capable of rrotecting 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



vapor deposition nethod, a gas cluster ion beam assisted vapor
deposition nethod, an ion plating nethod, an ion beam5 sputtering
nmet hod, a magnetron sputtering nethod, a bias sputtering nethod, an
el ectron cyclotron resonance (ECR) sputtering nethod, a r%ﬂéﬁ )
frequency (RF) sputtering nmethod, a thermal chem cal vapor 04-505
deposition (thermal CVvD) nethod, a plasma enhanced CVD net hod, and a
photo CVD 10 nethod. According to the optical elenment of the tenth
aspect, iané ¢ ijesbbie ripmethect sthe chic T onni g gRINPE MRt ing
formng the anti-dissolution nenber on the optical elenent.

Ther ef or e,0f ta V& cpows ivialpe 1t ol efoarsm tt hen amd theli S SOt UtdrO® b BREhe - dd
the optinmal condition on the optical elenment by selecting the nost
appropri at'@Re¥ rA¥Re #i- hgorenhddoidor at bes matertieal ioh bhem assisted
anti-dissolution nmenber., An el eventh aspect of the present invention
provi des 1ARCHFEFCH L el erafit irdordi hon tod & thien ¢ medthcabpect jon easi ch
20 tge first ;nti:dissoLution menber includes a filmnade of an

oxi d& for med by at Wet ™ FRREF of P AERREERE] SPAEEEHI g Med-hdd: eptiiea

el enent oﬂst tglegentht aapect, he _oxi de anti-dissolution filmfor
preventing® di 5ot U¥i BREP na2 $HBFETPE FEFABETOR FRECH@CE d ESR )t he

oroj ot o Topt 1ea 8y By e DRt e MASITTRY I ProRb6S Fing

. . a I
proj ection optica em by’ use ©

form ng myihach ghar aeerizednan i oh AoMoaneiior A 4t alh f )9

performance rel ative to voi erefo
method, a plasma enhanced CVD method, and a photo CVD

10 method.
Accordingtx>theopticalelementcﬁfthetenthaspect,
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 ocptimal condition on the optical element by
selecting the mcst appropriate £ilm forming methed 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 f£ilm for preventing
dissolution to the ligquid 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



it is possible to prevent infiltration to and corrosion of the
transm ssive optical elenment by the given liquid 5 interposed between
the surface of the substrate and the projection optical system and

thereby to maintain the optical perfornmance of the proj ectﬂﬂﬁﬁ, )
optical system As a result, when this transm ssive optica PERENt
is applied to the exposure apparatus of the liquid inmersion 10
type, it is possible to avoid dissolution of the transm ssive
optical elf@mming nmehboli qiied-mridet heedbpyt bigminimbfehBeLty and a
performance of the exposure apparatus. In addition, it is not
necessary tidght épl bkngheer fanswinssi weloptveatoevensst f requerilry.,
Therefore,, it is possible to 15 nmaintain high throughput of the
exposur e adpparaffSsibkeetovhenvend tindishhsat venopoi gatl ebemesti oins
made of cal ciumfluoride having a snmoothly polished surface, it is
pref erabl €% g:hs%ﬂireac?s’?hésf'?’ﬁn§ﬁit§-§ie\ﬂe DTl b¥l ehengivenaliguisce

treat ment .f i.ncreasi ng the rface 20 area of the transni ssive
opt?%:al ell@%en%ﬁ%@egg%aﬁgﬁﬁﬁg%gﬁeS”sﬁ#ﬁ%%eo%ftlﬁ?les¥]?éﬁ§ﬁﬁ§sﬁ€lé the
optical e o.th tent not to deqrade the optical perfornmance
O]E) t he prg)j e t|co%lo%pgf’géf:asqysstyesnﬁrﬁ’ o?agr %?’Srmaﬂf% ByheERoR the
bet ween t A4 ansm. SSi i I t and the.oxide 2

anti - di ssE')i%l}tliC(r)aﬁfL ?ﬁrm%fgﬁ%%%ﬁcﬁltggep gfr%ggfr:%tlﬁen BPétéLé:ﬁt(i Fﬁﬁgr‘?ﬁ‘i‘onp‘s

Bapect. i n wht oh {he. mat i ayer I reT dee FTIHLE Y nid by

applied to the exposure apparatus of the ligquid 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



a dry filmform ng nethod and a second film made of an oxide forned
by a wet filmformng nmethod. 5 According to the optical elenent of
the twelfth aspect, the first filmis formed on the surface of the
transm ssive optical elenment on the substrate's side of tt@r‘j )
projection optical systemby use of the dry film form ng ﬁ‘%,w%nd
the oxide filmserving as the second 10 filmis formed on a surface
of the first filmthus forned by use of the wet filmform ng nethod.
Ther ef or e, thewenpt ihed Elenaransmrssidenapticalh &l ef@Athi sspade of;
cal cium fluoride having a snoothly polished surface, it is possible
to attach Wechithe mfilti ¥ayetryLibntiec 16desansi ssi e 0pticialed by
element as the first filmis formed by the dry filmform ng nethod.
Meanwhi | e,® PEYi 51 pBsEepreng me Zhodwirche $écsndfilm madainctampxdsian
adhesi on j{}Oei nfcfl)r Ci ng filmto achieve firmattachnent of the
transm ssivVE BT i R4l SebEfedt ¥ thEmsREOAGEROGN 20 Moreover, the

the wet filmform ng nethod

secopd filmis fornmed b ueg::‘ _
characterized b Cﬁioéﬁilﬁ%qmggn NS °BRACElhighemerti RE pere ok waAcah
relative ta. voids.., Accordingly, vpids on the first filmare

el i mi nat ecﬁ?yéjég’eng??a ?5&1:0%]]’[]% Js%ciﬁamﬁﬁ M° THET ef'oF 22 Cpt Off s the
possi bl e Latll trati to and corrosjion o he |

t r ansni ssiz%eatrgspnﬁgéfggl gﬁfg%{:%%y etlﬁegleg?%e%n i iqrﬁllr:ﬁlt554-5561§ of

L S IUPES-AL W ML 1 W i
ferming 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 adhesicn
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.characterizeciby'high.homogeneity
and a high filling performance relative to voids.
Accordingly, voids on tThe first film are eliminated by
penetration of the second £ilm. Therefore, it is possible

25 to prevent infiltration to and corrosion of the

transmissive optical element by the given liquid

11



optical performance of the projection optical system As a result,
when this transm ssive optical elenment is 5 applied to the exposure
apparatus of the liquid imersion type, it is possible to avoid

di ssolution of the transm ssive optical element in the |i qIHFﬂ*‘ )
because the first filmand the second filmare not detached firam’? he
transm ssive optical elenment. In this way, it is possible 10 to

mai ntain the performance of the exposure apparatus. In addition, it
i s not necE’SRFrpoEEdr Bsltacent a1 ranshissi vE thpt sadktels@®iind the
frequently. Therefore, it is possible to maintain high throughput of
t he exposHECappataPuSP A aal revehen, agpectthufrétie poeseth tianventtson
15 provides the optical elenent according to the fourth aspect, in
whi ch t he C%Rﬂf%??g}é"rrf?mf‘*aﬁe| eEdth ¢ Baludest fon Sicd2 ¢4 1 myfsdrared By a
wet fil mfé)r rrrieng%;l rgst hogLFas the outernost |ayer. According to the
optical elemght Jrtt nERERI r ERLAL hFrapsBspasve theticem onlament is
out eg nost e protective function for a given tine period,
and 'F's thelﬁ(f;{reeggi%g%eegngosﬁ%‘? SRR I The YptibEal 1ghd e hrmggaiiest

wat er as t i sion |1 qui r ten years, for exanple. Hence it

is possi b%?bmpﬁvila% %‘%’%ﬁ??%m £8| e%r%ﬂ%amhij&ﬁseéﬁtrlé’& i 2 25hg

hi gh- per f arvBNER: j-ect. po paratus havin hi gh )

resol uti on and allggr@gg i?%’%[lh&gf ?%%ﬁgggyghstg%oef rhtlhcémg(izbﬁﬂg?’}léﬁ- 585

liquid i menssen: ek hods Aletde-sa ' bty ihle sto provide

the stable optical el enent 3vith%ut gﬁgﬁ%gearb nbt 88%3&’16;% rronPtRe
transmissive optical element. In this way, it is possible

10 tonmintahntheperformanCecxftheexposureapparatus. 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
5102 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 liguid for ten years, for example. Hence it is
rossible 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



corroded by the liquid for the given tinme period. A fourteenth aspect
of the present invention 5 provides the optical elenent according to
the thirteenth aspect, which further includes a Si02 filmfornmed by
adry filmformng method to be provided on the optical ehﬁﬁﬁ%&%ﬁﬁ
side of the Si02 filmforned by the wet filmform ng nethod.
According to the optical elenent of the fourteenth 10 aspect,
bondi ng power between the silicon dioxide film fornmed by the dry
film for mhig#ed Hetnemell ohanesihdédon Atitdd derfe £mmbormed Pyokihe pyat
filmformng nmethod is strengthened, and it is thereby possible to
attach t héd®boPkoWidars ther estabhby opsicat esuldmemhemitficat being
transm ssive 15 optjcal elenment is applied to the exposure apparatus
of the |ifACFaePYi 6het ypeguid ferpbbsi bliwero tawes doeseparati on of
the both filns gﬁd to avoi d dissolution of the transm ssive optical
element in the fiqdPEEHeFH s 23RECLi 19T s HeRsibFesentnainvait iohe
performn : 0_exposure apparatus. In addition, it is not
necégsary%%%gJﬁé%ga%%et et%?%ﬁsﬁfggFQ BOEPELIL NG| ERehbef togtubRERED
Therefore,;ddeds, RASSLPI i.ntajin.high_thro ut of .the

exposur e éapé&;aer%?hs. A(\é ifﬁltlte%n lggs(g%g?e%% t%g)rzpfgggﬁo‘flﬁ%@rﬁ-‘f Gnary

provi des 25 @%rﬁﬁ&i&ﬁétﬁbﬁ”@&%éﬁ%%ﬁh@% &9 4 heeofgittri%%&agfgﬁtghtiig

which the first anti-di ssol ution nbeér i ncl udes

NI PFO4- 505 i eavicngh @ 3ot €1 ives sz@&tﬂyOEh%%@E Fi fEfou% th&Rhod .

el ement against the liquid and an anti-reflection tunctio
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 cptical 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 dissoclution of
the transmissive optical element in the liguid. 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 freguently.
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



to prevent reflection of the exposure |light beam Here, the thin
plate is detachably joined to a surface of the 5 optical elenent. A
si xteenth aspect of the present invention provides the optical

el ement according to the fifteenth aspect, in which the t%@’gﬁ'%ﬁ
is joined to the surface of the optical elenent by optical ¢

and nean refl ectance of the 10 thin plate is equal to or bel ow 2%
when an exit angle of the exposure |ight beamis set to 50 degrees.
A sevent eémWilRagpect Pob tield presénndtnivant ken pps byt des: ide ogpticcal
el ement according to the fifteenth aspect, in which the thin plate
i's made ofe%m$@g§t9wu$h§eﬂequed indmart Artdroel leertsiat Fugcefi oa
fluoride, an oxide, and_a resin. An eighteenth aspect of the present
i nvention %r&ﬁﬁ‘b%%ttlﬁ"éf%ﬁf??:é&m efefieat cdpostdiend lgbtt beafr .f t dente)
aspect, i t he tl#ln plate is at | east one selected 20 fromthe
group cons s‘?lﬁbl%fpéa Gséd SEGecLatin prheed ta Amgussnrom bifudthiede

t hi ng pl atqﬁptalggjf ?g}“é—’ntorlde thin plate, and a

pol yt et r af 1"uor oe in plate. According to the optical el enent

of any one of t e, t t.eenth as ts the thin plate
havi n)g; the 25 ‘g‘ro %%\ﬁ/gﬂfgﬁéfefzg ft BIrgéte%t éngapﬁ:&@@ BFOFHQES

N Pl 504 S'ot%f@r‘é’ft?%%??nl%#@“%ea%%%smat??g%hf” SaATERREF T the

surface ofyrihen epld €Ak n6) EABOL,s 389 nkll S, Rl ga&‘fg%gbgf 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

i5 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 ligquid and the function to prevent

14



used therein is detachable w thout damagi ng the surface condition of
the optical elenent. Therefore, it is 5 possible to provide the
stable optical nenber without being corroded by the liquid. Hence it
is possible to provide the optical nenber which can reali 28 04-505
hi gh- perf ormance projection exposure apparatus having high '
resolution and a | arge depth of focus by use of the 10 liquid
i mrer si on nethod. Moreover, when the thin plate is joined to the
optical elenkhecbyonhepthecatxpoatiaet 1ight itsefu0sss bl eitedf wiot hele
enhance the protective function against the liquid. A nineteenth
aspect of fhefpresefit thevertiiorl k5l gmavi desnthehopt bpak callefeiber
according to the first aspect, which further includes a second
anti - di ssHIRT P FERBBEr isoAed agihdd sairf bickoot dhmapiagsirhesisue face
optical elenent. on the substrate's side of the projection optical
system ACUTUhyCRo The B85t i eBElepdnent edenthe nThereéark, 20t is
aspegt, the second anti-diss Iu%’ on nenber is formed on the surface
(atip su Oas(S:Serg {%ﬁe %ﬂ%‘éfﬁﬁt 5’53 SHRPHE PRELCEt iReIP &F ehdifhoarid
on the sidg surfage t e\c:%su face) o%l the optical elenent, or
in other vvor%g& a? E%r elqgl%g y %r%lgﬁédexp S 17ght S bRART 4BEE 6
pass thrm%’bvj[z&eTh%h%for PLohs ihle to.prevent dissolution of
the optical elenent from e %Erfg%z&oeﬁrth‘égégést 4t sT8FurZe152
NI PFO4- 505, @y & prpbaueRte dbssoLELLERR of Lhe, eptical el ement from
the side surface as well. Id% tﬁi S way, |t15| S pgsgﬁ%aerattﬁls hati2Y
high resoluticn 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 dissoclution of the

cptical element from the surface on the substrate’s side

15



mai ntain the optical performance of the projection optical system 5
A twentieth aspect of the present invention provides the optical

el ement according to the nineteenth aspect, in which each of the
first anti-dissolution nmenber and the second anti-dissol uty g%%ger
includes a filmthat is fornmed by use of an identical materi P4
According to the optical elenent of the twentieth aspect, it is
possible to formthe anti-dissolution filnms on the surface on the
substr at e' 3 &jitgepror i dptsisedlu t isb et handp obchhees Séglen 8 uf & e Hef
the optical elenent at the sane tine. Therefore, it is possible to
formthe St5enérrdiassolasivalfil nirbytnisi wplve prtociesspofsible to
twenty-first, aspect of the present invention provides the optical

el ement aé%lrla?gbntt&‘% Re titehk Pe i oragers ofi thevsireli adisl dn bptfiemated
by use of the identical material is formed by a wet filmform ng

met hod. 20 Y&¢cdlfding to the optical el ement of the twenty-first

aspegt, it is pgssible.to.formthe ti-dissolution filns on the
surfgce on the g‘u S rrlgtlg'%\? @F’B?c&fof DPEESHAN T dPERBE cCanBreN itiss

oL 2 R ot L 9P RS STRIL g SR LTI Sl L

n uerLY SaEORdESaeh OF e Srasent UL LT 1SS 0% oo

whi ch the Jedaifid Caht FRWEIHR) 1118 AYn@fhbMIF2 nv@dides & 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-dissoluticn films
on the surface on the substrate’s side of the optical

. element and on the side surface of the coptical 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



Si 02. According to the optical elenment 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 elenent accoqﬁ]gjﬁ%%éb%
the nineteenth 10 aspect, in which the first anti-dissol ut er

i ncludes a hydrophilic anti-dissolution film and the second
anti-di ssolution nenber includes a hydrophobic anti-dissolution
film Her&renddanat Fhdi opolintalore fdden f cxeedrannyheoside +ansurdace
of the optical elenent is the anti-dissolution filmhaving an

excel | ent &3RRGphobt ¢lpert drivaicerdsl cabnparedi 4D ftdheny of Mg#, and
anti-dissolution filmfornmed on the surface on the substrate's side
of the optsilc%ﬂ' el enent, while the anti-dissolution filmforned on
the surface on 20 the substrate's side of the optical elenent is the
anti - di ssol uti oft°FARRAIREi ngan &bl | @Rt isal opiilldmeniper fodi mante as
conpar ed t.Q,d ant E-di ssol uti (t)n film, formed on the side surface of
the optical” @t event SOR&GoFWPRG 0 the 'Sot PRSFLBLEneR® dirattRet the

twenty-thig p it ossible t uide the liquid attached
to the si A%Ss%]??ggeggfgatuﬁéa c%’te%ocla e@ﬁeﬂ%ﬁt’%é????% d St Ive ther MgF,

NI PFO4- 505, substsabe s side because the anti-dissolution filmformed
on the side surface of the optical elenent is the

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-dissoclution member includes a hydrophobic
anti-dissolution film.
Here, the anti-dissolution f£ilm 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



hydr ophobi ¢ anti-dissolution film Mreover, it is possible to fil

t he space between the surface on the 5 substrate's side of the
optical elenent and the substrate constantly with the |iquid because
the anti-dissolution filmformed on the surface on the suqﬁﬁ%@t%bg
side of the optical elenment is the hydrophilic anti-dissoluti A
film A twenty-fourth aspect of the present invention 10 provides
the optical elenment according to the nineteenth aspect, in which the
second ant§ukiEsataf sonldedterausadees ta wetado Rt i ofi SSIGh Woirgia
filmhaving a protective function to protect the optical el enent

agai nst tH&® [GGui 81985 Aesdediengotfo the omttiakleler@nénof tdethe
tmenty-fo%&%p aspect, the side surface (the tapered surface) of the
transni ssitVE PR FREE Cel BHBAT d8 Sia t isubstiidie’ s Maeeoiethe it is
proj ection optical stemis,  provided with the netal

anti - di ssolq Jo]%f @éﬁ Simitchthe s®aqmsdreipreetothive gindacti qui dhe

|1t o posed Bl upelel ey, surfpgs, of the subsifate and e prolection
o ebo! SO A LU LEATE RS NG oPb ol AL ST, O, LIS, (L gu o
7S appl i ot g e e eEn e Al P s AR R O Y ard
I MYer si on diydesal telie?meﬁ%%isbjcﬁet@ydfr@f)ﬂﬁilg_'a 51@?1985‘; E%r%%.%no%iapue.
exposur e apparat us because

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
includesanmtalanti—dissolutionfilmhavinga;nmtective
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
provicded with the metal anti-dissolution film, which is

20 insoluble to the given ligquid 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
ligquid and thereby to maintain the optical performance of

25 the projection optical system. As a result, when this

transmissive optical element is applied toc the exposure

18



the transm ssive optical elenent does not dissolve in the liquid. In
addition, it is not necessary to replace the 5 transm ssive optical
el ement frequently. Therefore, it 1is possible to maintain high

t hroughput of the exposure apparatus. A twenty-fifth aspe%gpgh_g&ﬁ
present invention provides the optical elenent according t & 0

twenty-fourth aspect, in which the second anti-dissol uti on nenber
further includes an adhesion reinforcing filmforned between the

si de surf as®asfaitihe oDpthecdli el ishemtmand dhe yips Ali @At pBissI@1W ken
film According to the optical elenment of the twenty-fifth 15
aspect, tR&imgaln ahe par §sohamianofite espbenmdapp atae 1 SHeEage eof
the adhesion reinforcing filmformed on the side surface of the
transm ssitv® SpEFREHL & B mp ohca hes lemblt rdn@s it de sofoltte in the
projectiog,o tical system and it 1is possible to attach the netal
anti - di ssoF& S 1 iiimastiich bRt yitol ¢ Heot rmecassarvetoprepakcel shent .
Therefore .S possi bl prevent infiltration to and corrosion

it .to
of the trafsemdL l%ﬁt?egFC@ﬂe AV e GisRhl Vi quliderrirsepodad
bet ween t r.f of e _supstrate and.the rojection optical
system aﬁ% ?%5%3%;?cFééh%%%PﬁlPh lﬁg'gﬁﬁQﬂﬁﬁ#% OF nehReSBPOEHES
projectiogpgggé%ﬂs§ysten1 Mor eover, when this transm ssive optica
el enent is "19 NI PFO4-505 applied to the exposure apparatus of the

Itihgui d imersion it ylEikEnPOSSLOLE TR Myt alp LhE Peffor mnce of

provides the optical element according to the

10 twenty-fourth aspect, in which the second

anti-dissolution member further includes an adhesion

reinforcing f£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-dissclution film is formed on the

surface of the adhesion reinforcing £ilm 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



exposure apparatus because the nmetal anti-dissolution filmis not
detached fromthe transm ssive optical element 5 and the transm ssive
optical elenent does not dissolve in the liquid. In addition, it is
not necessary to replace the transni ssive optical el enment

frequently. Therefore, it is possible to maintain high thﬁgﬁaﬁﬁéWSOf
the exposure apparatus. 10 A twenty-sixth aspect of the present
invention provides the optical elenent according to the

t went y- f owrhl iesppent thienewbioshn dhepgeaarth s aH ihdl $8ghyl CRmAREREY,
further includes a protective filmfor the nmetal anti-dissolution
film Herd&yrehe iI5 ps atessibeef ithmmiad rfteriredcon we spofasacef oithene
metal anti-dissolution film According to the optical elenent of the
t went y- si PO HspRecaprefe tiroteechvecf ithe f nethhe st dldissolution
anti-dissolution filmis forned on the surface of the netal
ant i - di ssdldth &A Ot 144 i ¢ loe defdr m thiset shoeTdwrsfiate optt itad element
traQ§nissive g tical elenment on the substrate's side of the
project i oAPShErEaF T 2BYTLEH1 TRl Gal Fosmen e dae pneredd sgadorse ion
t he soft ?pt . antj-di sok#%ion filmhaving | ow abrasion resistance
and t her ety & l&udtde‘ct Thé et s hht1s diekdteeeonaEy| hP TRBLEEET €,
it is posskhl revent infiltration to and corrosion of the
t ransni ssi%\llllteé @ﬁégﬁfﬁf&%gpncolpcf?%aqle&% M e el Y velR e §aPEe -
Iont er posed tbeLweens { e @&Hﬁ%@tginthmegﬁ% Srtoruaéhepl,?{]%ft tt]gepézv? gghlrgn

ptical system

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 fFfurther includes a protective
film for the metal anti-dissolution film. Here, the

15 protective film is formed on a surfacé 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 themetal 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 1low abrasion
resistance .and thereby to protect the metal

25 anti-dissolution f£ilm. Therefore, it is possible to

prevent infiltration to and corrosion of the transmissive



and thereby to maintain the optical performance of the projection
optical system Moreover, when this 5 transm ssive optical elenent is
applied to the exposure apparatus of the liquid imersion type, it
is possible to nmaintain the performance of the exposure aﬁ&?ﬁﬁﬁﬁ@i
because the transm ssive optical el enment does not dissolv

liquid. In addition, it is not necessary to replace the 10

transm ssive optical elenment frequently. Therefore, it is possible

to mai nt aioP thi gl eroughpbty dhetdieven foisqr B 1AARAIEE $8d bR tween the
twenty-seventh aspect of the present invention provides the optical

el enent adddither) dfothResulistraknrt ynddird bragpedtion bpwlicehl the twgt,al
anti-dissolution filmhas solubility in water equal to or bel ow 2 ppt
and packidff detRy eYYefBalatia trimbove 9B%i cadc gradi Tigrhantheodptiheal
el enent of the twenty-seventh aspect, the anti-dissolution film
havi ng 28%HE Sot Obi | PR G hat 8¥SEGTal t o ¥prpevew 2 pprens tbiwed
on the si%%algffgeiof ghg.trg?sgjssive,optical_elenent on the
substrate's §i°de of ¥ Re®Brofact Cot 5th caf aRRtEp tanehpterposure
possi bl e tg i nt 'rb% opt.i cal , perfornmance of the projectiaon
opti cal syg)tlem V\n%ou hl“gléf"usilrsf%”‘oﬂl SIBT oIt Y RE - titte 15y BRSAiLSdiev &0
opti cal eh&ﬁﬁﬂkﬂh@tﬁ% giyen. L i% i,nterposed between the surface
of the substrate an s%e_ §%mﬁhg%b_?gag?eﬁﬁﬂﬁﬁﬁ%83985ﬁqﬁﬂb§9§Péﬁ
ZEL sover, tdeeahifi Aye Yroob il I Med L0 BL 1% £ B8 RAGKDY Jepe' 1Y
liquid. 1In 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
Tilm has solubility in water equal to or below 2 prpt and
packing density equal to¢ or above 95%.
According to the optical element of the
twenty-seventh aspect, the anti-dissclutfion 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 t¢ maintain the optical performance of
the projection optical system without causing dissolution

25 of the transmissive optical element to the given ligquid

interposed between the surface of the substrate and the
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or above 95%is formed on the side surface of the transm ssive
optical elenment on the substrate's side of 5 the projection optical
system it is possible to prevent infiltration to and corrosion of
the transm ssive optical elenment by the liquid, and theretmptr.@ 50
mai ntain the optical performance of the projection optical sys%grﬁ
Therefore, when this transm ssive optical elenent is applied to the
10 exposure apparatus of the liquid inmersion type, it is possible
t o mai nt aifF HRE hePRor pfdecdf t hyséeposur e Mapparatys hecavise the
transm ssive optjcal elenent does not dissolve in the liquid. In
addi ti on, 33 LhotoLlREdREsEE Yt 2 Y &P ailee tifec it g shessi e eoptd akb
el ement 15 freguentl Therefore, it is possible to maintain high

t hr oughput®of @ ﬁé’eexéééurjes apParRdis oma g%@nwl‘éﬁgrﬂlh‘ffa@%cto f thiee
pr esent ir;:\Qer}}Ei,n(!)n [ OVi dﬁ,ﬁ the qptical elenent according to the
twent y- f ourth aspect ' ci iPWACEN ErETRRtalcmdthe ket nerehs20itiel mfi s

made; of at..] e - sel ected fromthe group, consisting of Au, Pt,
Ag, E!-]Ni , Tg,hﬁ%fg&%l,g#i?ggﬁﬁaéfys EE‘Or&Ii%nbstBO?ﬁébéﬁt FeaPrerenént
of the tweptpi-6i , t.al antjp-dissolution.film_ .

const r uct egl%sledt%;ﬁ?? ?n%&éj %P?é:{g%lg’ar}sto%k%eo?r%ﬁ?mb?,slv%c’ﬁ\ﬁ}cﬁlil,

Ta, W PdeiMnori byafleCribstiorapd anthe, side suitace (Lhe tapeted

surface) of the transm ssive optical 2 el e

substrat eperSiddenDicé ke prejwedy o8+ 9B &@fic§¥5§fﬂelﬁ)r if‘h@i‘gﬁgre

words, at a portion where the exposure !

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 cptical element does

not dissolve in the liguid. In addition, it is not

hecessary 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 accarding 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



| i ght beam does not pass through. Therefore, even when this

transm ssive optical elenent is applied to the 5 exposure apparatus
of the liquid imrersion type, it is possible to continue exposure in
the optimal condition wthout shielding the exposure Iigh%p%§%n1q¥
the netal anti-dissolution film A twenty-ninth aspect of $04-50
present invention 10 provides the optical elenment according to the
twenty-fifth aspect, in which the adhesion reinforcing filmis nade

of at | eastemet sel edicedubisamadthe groe eanshet Hpg et ianafdy 1051
According to the optical elenment of the tmenty-nlnt% 15 aspect, the

adhesi on resisforciow i bitheonsbrdet, edt as plore: 1 dri WRgFRde nef e abokaast
one of Ta and Or is fornmed between the transm ssive optical el enent
and the antighfi aermtdons fptnpaBiserdfmreyhit Tisepossid| ectreni Wpeave
adhesi on between the side surface of the transm ssive optical 20
el enent ardtitthe tERESTH SBbT @t iodt faIn eAementesdlst , amhbhedt s the
traq?nissive optical element is applied to the exposure apparatus of
the Tiqui #HREST ofPPFPELIYS 9% tihssignédt dmapegisd afet sheent tofi st he
anti-dissgégg(giéi#g1 Br%n1the transm ssi,ve optical elenent and to
avoi d 25 diseolutT on® of CPhd M SR IIFEe oPt ites diteient sandhtion
l'i quid. In-Lq% Lt LS sible to maintain %%g 23 N PF04. 505
per f or mance o é%%gy%ﬁ%%ghgigpg%pearea}f%%‘?ufﬁ gag#&ti an by jghpopetal
necessary A-q &Pl 86615 Lr @51 ssive optical
A twenty-ninth aspect of the present invention
10 providestheopticalelementaccordingtothetwenty—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
£ilm, 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 liguid 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

liguid. In this way, it is possible to maintain the
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el ement frequently. Therefore, it is possible to maintain high

t hroughput of the exposure apparatus. 5 A thirtieth aspect of the
present invention provides the optical elenent according to the
twenty-sixth aspect, in which the protective filmfor theﬁﬁﬁkﬁ%mm
anti-dissolution filmis nade of at |east one selected fro

group consisting of Si02, Y203, Nd2F3, Cr 203, Ta205, Nb205, 10 Ti 02,
Zr02, Hf 02, and La203. According to the optical elenent of the

thirtiethpeasfpectante 0§ pheskbbpesursel@edrdtesprotgciiderfivhm fier
the metal anti-dissolution filmto be formed on the surface of the
nmetal antiisdi8sbl maaredatm tthatréslbhornathontrhe skl dyiansnbpsival
optical elenent. Therefore, it is possible to select the npst
appropri attd gtBtectf¥Raeenflvor t Hthenefakeant itdi $sol pbsenbitiel meo
based on the material of the transm ssive optical elenent, the
envi r onmeME WMHer &* t hd 91t EhrsME e @bt Toal eabesame japmpd meeds . t he
typﬁiof the 20 given liquid to be interposed between the surface of
the ® substrate and*thelpFbj2Reeh UptheaPreyenénindnating praeidea
thirty-first aspect .of .the present j.nvention provides the optical

el enent aé@%ﬁapﬁécﬁ&'FﬁgmﬁﬁﬁéﬁggﬁﬁﬁhlﬁéﬁébF?ei?W%ﬁ?%ﬁsﬂﬁéhsééﬁﬁétr

anti-dissql.uti iqﬁ{ber 25 incl.ude -shielLding film A

thirpy-segghd g@bec of - Fhe 6?5?%%??%%92%?F%ﬁm 24fRFPFQE@805 metal
0w Oe5 S SRLLEALLSLRRRLL A0 09 48 B ALY L SFPERL
the group consisting of Si0;, Y»0s, NdzFs, Crz0s, Ta,0s, Nb;0s5,

10 TiOz, 2Zr0,, Hf0:, and La»0s.

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
netal 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, 1in which the second anti-dissolution member

25 includes a light-shielding film.

A thirty-second aspect of the present invention
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of a metal filmand a netal oxide film A thirty-third aspect of the
present invention 5 provides the optical elenent according to the
thirty-second aspect, in which the netal filmis nmade of at | east
one selected fromthe group consisting of Au, Pt, Ag, N ’a@T W Pd
M, Ti, and Cr, and the netal oxide film is made of at ‘Bta0s
selected fromthe group consisting 10 of Zr02, Hf 02, Ti 02, Ta205,
Si O and Cr203. According to the optical elenment of any one of the

thirty-fimstorddehithey ophiirch laspesiest &tcbsdpasstdlad @hl%‘;‘«\l%&trst
irradiation of the exposure |light beamand reflected |ight of the

exposure |dgpchedm fhdmtatief &t gb5-ohtie lalisenliing Tenberméars®dnyn a
peripheral portion of the side surface (the tapered surface) of the
transmi ssidfe 2 dpetreal félemamd on mheadubstidat €idnsi de of the
projection optical systemby use of the light-shielding film In
th| s way, it i& poRsFbrethd s edeRecdetefi ortet | preskrtheiswahicign 20
§ A_thi rIe{ fourth aspect, of the present invention provides the
optl al elPeht“a@cordtfg toé’iilh"eahrs@cled%%%t aqgAedifart Her  the
i ncl udes g‘o ed to,a .surface of t he opti cal
el ement b?hog{)é%a?e%ﬁ pjfeﬁrtdudﬁ‘ whs Ghh &g gt adn il le §§0F1@1dieoﬁf
menmber. AcGordi ? i C el epent _of the 25 Nl PFO4-505
thirty- folrt A gs%%eég % (%t& |dggfoﬁeﬁ§8rg%%‘f?c‘l’ﬂl}?lsJEbﬂ?e&? SUhET,
optical elxgment through the fir S, and Cxr, and the metal oxide film
is made of at least one selected from the group consisting
10 of 2102, Hng, TiOZ, Ta205, SiO, and Cr-0s.

According to the optical element of any one of the
thirty-first to thirty-third aspects, it is prossible 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 systemby use of the 1ight-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 Fjoined to a
surface of the optical element by optical contact through

25 the first anti-dissoclution member.

According to the optical element of the

25



anti-dissolution nmenber. Therefore, it is possible to attach the
optical nenber firmy even to the optical 5 elenent applying a
fluoride material as the base material due to the presence of the
appropriate anti-dissolution nenber. As a result, it is pq§ﬁ§Bh%O£o
protect the optical elenment by use of the optical nenber, "an
thereby to maintain a performance of an optical systemincorporating
10 the optical elenment over a long period of time. Athirty-fifth
aspect. ofthhetprésemth neepeon provi desttbelophenbkrel egeitally
according to the thirty-fourth aspect, in which the first

anti - di ssoteRtdatsnernde | or4 ifddin madementSi ORhrandht heclopt | ddlrst
menber is 15 a nmenber made of silica glass. According to the optical
el enent of2Rhe~EhfFoyifhifrh newpest, Bheueface ofit hesfpossible to
anti-di ssol ution nber used for the optical contact is nade of
silicon ditxiHe? q:%ﬁer%%%@?li eRP &5 s SHEME 1t ceBRhakce Homdpagical

strepgth t e optijcal nenpber by use of a hydroxyl group in the
sili gon cﬁolom %%Jes%ﬁﬁgggél?gl\% T é,{einﬂa?%r’p%%s?%lté“ec &af6r BpftReial

silicon digQxi fl i controllability and thereby. to. achieve
hi gh fil mdc}ﬁéa??‘% #%?’é%gég?et Re 5%& ERP TR RTe et o 1§pPPLE&1Glass

can achi evgpgst| culan ¥o3h exceLl nbouaten I eshstance, nd banding

strength, and favorable tranénissio tT avi-o SRETER

e g LD 4 vl xbuasasclacloLbe WEE el UGN
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 SiQ;, 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-dissclution 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
te achieve high film gquality. 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.
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in which the exposure light beamis an ArF | aser beam the optical
el enment is an el enent nmade of calciumfluoride, 5 and crystal
orientation of the surface of the optical elenent is defined as a
(111) plane. According to the optical elenment of the thirt¥q§hé£§m
aspect, the optical elenent is applied to the exposure apparatus
configured to emt the ArF | aser beamas the 10 exposure |ight beam
Therefore, it is possible to achieve a high resolution perfornmance.
Moreover, the oftitdutrt¥remsst i aspagé of f cdlbel uprekeorti dennadtisn
t herefore a‘pJ'cabIe to _a laser having a short wavel ength such as
the ArF | é’sféf.lck%%ﬁ\ﬂ‘ﬁ PRELGRdnCe L RBEHSt feaPrdiagehe tike fadetlsspect,
calciunlfh%p%hge %ﬁg ogtical ehe nt. can achieve a_ favorable
transmi ssi-on pertor HEntePEE Ndi% Fadidl Beam §htal & Liaserdbeami| thy

agai nst t I ' ight _and.the .like, In additjon,_the .
agt:-Ziss% &Ff%%@¥%ﬁ%$%%kbgsf8§n§éemﬁﬁgr&ﬁ%e(ﬂfI%ﬁﬁqﬁﬁﬂnﬁ¥¢%ﬁ%¢§e in
artg cul a4 i ect : erQepi.t axi al -growt en the film

!Os fﬂorrreda(:?rﬁj ZCJTS‘\? ‘r:nggf g(r}r%l?eglggagﬁ{r?%cé%oghcealScﬁlﬁﬁg??uff i de-haF hycehe

crystal _ enieaniiat 100 ofrihed( LU, plane Therefore, the

anti-dissolution filmforne ereon S éxtrenely dense and

achi eves a crysaakbi-88ngt £HOEKE & Ity Venw faw ogﬁtgns‘;@;iffs%l;sixth

thirty-seventh aspect of the present invention

provi des aspeuii,cathel epentatio hemsed for a@ﬁl@éﬁostlér &hAPPAS AL Y e
which is configured to illumnate a mask wt

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 vultraviolet light and the
like. In addition, the anti-dissolution film to be formed
thereon, or lanthanum fluoride in particular, is subjected

20 to hetercepitaxial growth when the film is formedon 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



an exposure |ight beamfor transferring a pattern on the nmask onto a
substrate through a projection optical system5 and to interpose a
given liquid in a space between a surface of the subsjtra]te and the
projection optical system Here, the optical elenent inc BRoLs05
optical ol emont on the substrate s side of the projection optical
optical elenent on u

18 system A thirty-eighth aspect of the present invention provides
the opti cé’lroéﬁié?%ﬁtalacéﬁﬂidicr@@f teol etItCt}%I‘l‘]Ethbrbye]: ﬂmtﬁﬁﬁfp?(:éxl)gguml ch
the light-shielding film is formed of any of a neta ilmand a

met al gxi &gpqua,ﬁqu_;s W%‘Pﬂilr%?-Wlhfhgagpéc)éooilﬁheipraezsaeatmiaa\kemi'tﬁn
rovides the optical element according to the thirty-eighth aspect,
Pn whi ch Fﬁeeﬁ&%ﬁmﬁ I’ Gt H%%mo??raifr%%\}g@;gm@ggm s__@tédrgr %rm thed
group consi_sting,of Au Ag, . N, Ta, Pd, M, Ti, an , an
The et al TEXTUE R fr D0PFEEAACLEF D&L‘ZJI'H 8e310 HRE “3erceRichiony Fhen

ro consi st i ,. H02, Ti0 a i 0, an )

%\ccolgrodi ngg‘t'lfqo%l %ﬁgno%%]iﬁ%%géeﬁ dHERE ot TULY ghe %?a‘t:ﬁémtt"fﬁefrf _ﬁ‘-%‘é%’/f%ﬁf?ﬂ to
t hirty-ni gt=h. SRS i1 i . prevent irradiation of the
exposure Ii ght bear%%%EESilrcg?ﬁecl?‘légj%Egﬁtong?P?ﬁfaéxﬁ%gg?’ﬁ'I |1|§?1¥ebeam
froma wafak tockhe sgahkng §hdedy | Ny 0ERELL RIS £
portion 28_eNI _I%II?’04FSO5 of the gi?gg sﬁlre agg (}tjh% Pgsp}g%_% B%Hrgf agje%mof
the tranprossici ophi G2l s b8y d Ng rSUPSEERLENS <848 Wprical

element on the substrate’s side of the rrojection 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 Ffilm.

16 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 Zr0,, HfO;, TiO;, Ta;0s, Si0, and Cr:0;.

According to the optical element of any one of the
thirty-seventh to thirty-ninth aspects, it is possible to
prevent irradiaticn 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
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the projection optical systemby use of the Ilight-shielding film In
this way, it is possible to 5 prevent deterioration of the sealing
menber. A fortieth aspect of the present invention provides an
exposure apparatus configured to illumnate a mask with aqﬁgé fg#ge
| ight beamfor transferring a pattern on the nask onto a s e

t hrough a projection optical system 10 and to interpose a given
liquid in a space between a surface of the substrate and the

proj ecti o foptiihal sdyst emutizee thiee exposeredappardhis)i nelrudesea
first anti-dissolution nenber provided on a surface of a

t ransm ssitv@ ot 23l veepp e lore ldre rsubst ridie’ sulss teadé’ sheide of
projection optical A 15 system According to the exposure apparatus of
the forti &1 aBp@dechirnfirartapel - dissstemi orbyrenere i s offor medeon

opt 1 cal el LR BRI Eiadt ve T ERG S Pifi g §Fl iengraace { e space
Subelr At e PEACB Ol Gl 5 L P ata bt oY 4 ( BeSRyBRd MerBRRon 1 opl acerent
Che. oxposur o aaparSr U8 1 ASRRRT Porc S PEEE ThE Wbt FEAH OBl BABAL Sabes
orf or manee. 6F CERG™Br a7 BEL LGt ot PR RpSt B ahii 305 KEFFOA 508  thg

continue @xpPasioRdrdt LN 0PIl £OPdifions A G QL Y- LLEsE asRgel,, of

the present invention
mask cnto 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~-dissclution 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
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provi des the exposure apparatus according to the fortieth aspect, in
which the first anti-dissolution nenber 5 includes a single-Iayer
filmhaving a protective function to protect the optical el enent
against the liquid. According to the exposure apparatus of hp&_wa
forty-first aspect, it is possible to reduce an interface NI
conparison wwth a multilayer film Therefore, it is 10 possible to
mnimze an adverse effect of a chemcal reaction which is apt to
occur wheftct hentiquiel éxpbbtirat eésn i coppimplecbach tofo@. protective
| ayer serving as an anti-dissolution film Mreover, it is easier to
formthe filmas Tonparédrsa fespettitonodf the amtésdhssolwrésnibhl m
15 including the multilayer film A forty-second aspect of the
present i R¥ENHIGHF CheosRBes Uife appposurus apparat sy decbhdi Agrt dethe
fortieth aspect, in which the first anti-dissolution nenber

i ncl udes &SRRISH 1 aydr PRimhadityy 18150t e@itie diheel ohigd tmepbetrect
t he .opti cal 3I enment against the liquid and an anti-reflection

function tBPPEFEhE FERPAEFILGY T T REYEosUR P TP BREL bEaNTURARESPTI Ng

to the expqsur ratus of .th forty-second aspect, the tip of the
opti cal e?é ﬁ{%tl%gcg:ﬁo%ezgpgéﬁa deedl%ﬁlglf e2fRGUPd. Mferef Bt it is

oL oceRenrY RPN Al Rl IS BRtat tep b Orde Loc eplace
possibl e tgrFARULAGt W &0, ATOQUCHS (&fihi1Gl @B LY q MR §QVAT o FENGE
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 liguid 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

26 corroded by the liquid. Therefore, it is not necessary

to stop operation of the apparatus in order to replace the
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the optical elenent of the present invention has corrosion

resi stance and a stable optical characteristic, it is 5 possible to
stabilize the quality of end products to be manufactured by use of

t he exposure apparatus enbedding the optical el enment of t@ﬁP@BE%ﬁﬁt
invention. A forty-third aspect of the present invention provides

t he exposure apparatus according to the fortieth 10 aspect, in which
the first anti-dissolution nmenber is made of at |east one sel ected
fromthe §@PdrhsemiinglotlpgleRt, leakB,iiSriRR, thdEBebiup3ssibE4, to
NdF3, GdF3, YbF3, DyF3, A F3, Na3Al Fy, SNaF3A1F3, A1203, Si02, Ti Q2,
MyO, Hf O2MagyiEt yF @2¢ndTanslucke KEZ0S1iehs IAccoMtimepteort heince
exposure %paratus of the forty-third aspect, it is possible to

sel ect t h&CaRPrigPsBl GEREH FEride Pre s dnveatden hesopercabion
el enent. Therefore, it _i,s possible to select the nost appropriate

anti - di ss5Ieﬁtﬁsoqf%%gpdb§se%lt%]ﬂlf?hé’prﬁ%”lfji afh2pasterie topti chk is
Cvpe of t ReSra G UReahr T i Mg B Sphce Tt neno RHELpr spest on
aSpect. of MERe oResErt S hhaRtFont sEINPATCREr S MPTHA - BppANAPs
el udes 5E KRdsA 08 SReRE, TN ek etk Qg R has & 1 ayer
structure, whichA tsreyPtrsead gspblhstokayenl serongdntaverf.Lhsh
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 MgFa,
LaFs, SrF;, YFs, LuFs:, HfF,, NdF3, GdFs, YbF;, DyFs, AlFs;,
NaszAlFg, SNaF-3A1Fs;, Bl:05, S10;, TiO,, MgO, HfQs, Crz03, Zr0,,
Taz0s, and Nb:0s.

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 liguid used for filling
the space between the projection optical system and the
substrate, and the like.

A forty-fcurth aspect of the present invention

25 provides the exposure apparatus according to the

forty~-second aspect, in which themultilayer film includes
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successive layers / n-th |ayer, of one selected fromthe group
consisting of (i) LaF3/MyF2, (ii) MgF2/Si 2, (iii) 5 MyF2/ Si @2/ Si 2,
(iv) LaF3/MgF2/ Si @2, (v) LaF3/ MgF2/ Al 203, (vi) LaF3/ I\/gFZ/ A1203/ Si 02,
(vii) LaF3/MgF2/LaF3/ MgF2, (viii) LaF3/MyF2/LaF3/ Si 02, E‘%IPFM 505
LaF3/ MgF2/ LaF3/ MgF2/ Si 2, and (x) LaF3/ MyF2/ LaF3/ Al 203/ Si

According to the exposure apparatus of the 10 forty-fourth aspect,
the multilayer filmhas the protective function for a given tine
period, afdlpgershénefvea tapalles)oknpriosect iltagretrheteptcitﬁa@e,ehﬁ%&t
agai nst water as the imrersion liquid for ten years, for exanple.
Hence it ii$ pés¥ittesed provi férshie 1% ywmh- perd@idBntey eXpostt@er
apparatus having high resolution and a | arge depth of focus by use
of the |i GUGFeT TS st dNCHBt Aok tAt laversand onpeselecitsdpdssimblact 0
provi de the stable exgosure ppar atus having the stable optical

char act er i%E Wi PHol tb]égna cortP odedpiFhe (20)| MgiedShor, t ieigiven

mey per | pect_ o the resent i nvention rovi des
t he exposgrgr pparzé%gugzac &ra ﬁga’f%ﬁ{ qz’l'et(h"} AsPpeetM 9T a7 Ao
Formed by & et TR EOE AL oS e Réh?diieﬁr R e 2dSgbihe
Nt di saol it on e AbeEE ?ﬁa?ﬁg’sl%?retv 1 e e R P e 80 qui o
is formedagm tHe LaF3/MgI‘2/LaF3/AJ.203/SlOz.

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 vears, for
example. Hence 1t 1s ©possible to ©provide the

15 high-performance exposure apparatus having high
resolution and a large depth of focus by use of the liguid
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 filmmade of an oxide formed by a wet film forming

25 method.

According to the exposure apparatus of the
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surface of the transm ssive optical elenent on the substrate's side
of the projection optical systemby use 5 of the wet filmformng
nmet hod characterized by high honogeneity and a high filling
performance relative to voids. Therefore, it is possible 5@ p@gﬁﬁnt
infiltration to and corrosion of the transm ssive optical ]rje ; by
the given liquid interposed between the surface of the 10 substrate
and the projection optical system and thereby to maintain the
optical pépfémimricet bfashechpr ofbet aoh i -aptiscalutsysh efxids a1 18S8bl
it is possible to avoid dissolution of the transm ssive optical

el ement | RYENenTingi diafd lutdrogbyt ¢ othmi dtiajiuid hes pepharemmnae ohet he
15 exposure gpparatuys. In addition, it is not necessary to replace
the transAi'SdARE opthi calcel BRRREMEFEGTENt PYPL 1 CRer eflementi t ohs the
possi ble to intain high throughput of the exposure apparatus.

Her e, mheﬁupggrtartaens% ‘?/éj%&th%é%r%l%‘h{éh?ni@gh@él spsbenchlciam
flugride pavi a _snoot h olished surface, it is preferable to
subﬁgct t gté&%&ﬁ? gﬁéﬁ%p??fﬁln%ﬂ%ﬁ£ﬁPdt&@f%ﬁﬁ?%ﬁézﬁﬁeémn#ﬂghor
i ncreasi ng k| f.ace rea,of . the transm ssive optical el enment by
r ougheni ng t Ege%sétrﬁ%caémgf gt ﬁggthr ansmi S8 VREDPPFREP S &Rt 1S t he
extent 25yp9ft 0 degrade the.qpti grmance of the projectjon
opti cal sgster‘% in pré%r toae_rjl'%a%égg%‘cdﬁgélﬁgnt%éatrﬁeve(?flJ_? Hél_f[)@?!r#lon
NI'PFO4. 5080 bhaneB-sYs4PRI# Cale of £ORDL; 204 LN ANt disegl it | o,

oxide film

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
dissclution 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 exXposure 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
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A forty-sixth aspect of the present invention provides the exposure
apparatus according to the 5 forty-second aspect, in which the
multilayer filmincludes a first filmformed by a dry filmformng
nmet hod and a second film nade of an oxide forned by a wet 1\7151781-505
form ng nethod. According to the exposure apparatus of thé
forty-sixth aspect, the first filmand the second film 10 formed on
the transm ssive optical element on the substrate's side of the

proj ect i off TS ed s 5yst emtdram hoeledendched f thm tdret I+dAnssd 568+ ¥6n
optical element. Moreover, the transm ssive optical elenent does not
di ssol ve PEidfe £33Huid filling the space between the tip portion of
the 15 projection optical systemand the substrate. Hence it is

possi bl e to maiftat Hﬁ‘ésbﬁfx-?lcaﬁsﬁéﬂftorﬁﬁnc’éhﬁf Rieseptojiacvénhion
optical s stem nd to continue exposure in the optiml condition. In

addi ti on, PO Hot WeBesEEPYSIT © r ARRREAERE t PEFOREIVe oDt i thE
el ement fr 1 erefore, Jjt | ossibl.e to mai ntain high
t hr ﬁghpug%%#%ptiélec%%%gg]ﬁree a’pﬁ'élr%]i”ugf?%/ip? HP;L?r-lgé\Veerﬁ hid8pEe¢lefesne
resent ipgv i : I Ur e _apparat us, according to the
Porti eth aa%%%%:terhllﬁ{%?c%ﬁég%f??gﬁ;n fﬁpgglslsnﬁ Iﬁ?ltgﬁgnaerh‘%égs%%ond

includes &ithi Rapkate hawy t cti 0 rotect. the

optical el émant aagai nst zﬂh%gclh?q% %(rfu?%% L%E “gﬁoéﬁ%gng method.

anti-reflecti oranégpetiag t o Qrevest re%:fr&o%qiﬂé)” o5 pL g Lu@XPQsar e ), L ght
y

beam Here, the thin plate is detacha

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, 1n which the first anti-dissolution member

26 includes a thin plate having a protective function to

protect the optical element against the liquid and an
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joined to a surface of the optical elenent. According to the exposure
apparatus of the 5 forty-seventh aspect, the tip of the optical
elenment is not corroded by the liquid. Therefore, it is not
necessary to stop operation of the exposure apparatus in %hgﬁé’éﬂ}
repl ace the corroded optical elenent, and it is thereby possi i o]
manuf acture end products efficiently. 10 Moreover, since the optical
el ement of the present invention has the corrosion resistance and

t he stabl éntopriehlechapactfaristien ito irs posst brefilecstiahi | b zerhbe
quality of end products to be manufactured by use of the exposure
apparatusq@ﬁﬁﬁﬁﬁ?%gl%%%td%@@%al Bevaenthefthhe plstereseiddtanuebliyon
A forty-eLgﬁth(gsﬁect of the present invention provides the exposure
appar at us “Zcdorti ng FoSthéecs et e aepeéealwsileimemirt her incl udes a
second anti-disgolution nenberpgn a side surface of the transm ssive

optical 20 el enBrtC8A e subst Fife’ SXAMWPHE t REPBEG tEE | oME opthea
t Al I t f the forty-eighth
et ROarort At AR RS it o Rehoa e e bri KBSk  fce

aspect, the second anti I"dt i

ti f t 'S 25,.side of the optical el t d
(atip SU50%988¥3§35?§P§QQ§3i@gﬁlﬁ Tg%rgﬁ%rﬁé gﬁgﬁ%hg%é?éﬂégggrgfn

on the side sur tapere sufface_ t _
oo ovs Shitor, S UTENR 07 oo BELS LAl R gl O™
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 inventicn
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 ¢cptical element, or in other words,
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di ssolution of the optical elenent in the liquid filling the space
between the tip portion of the projection optical 5 systemand the
substrate. Hence it is not necessary to replace the optical elenent
frequently, and it is possible to maintain high throughpu%ﬂ%% Lgﬁi
exposure apparatus. In addition, since the optical elenent 885t
dissolve in the liquid, it is possible to maintain the optical 10
performance of the projection optical systemand to continue
exposur e iaf tieropeimavhesrdithicoxpl shord yk hilnt hb aspeabeef nbltepass
present invention provides the exposure apparatus according to the
forty-ei ghiti¥ sPect , i Ahamiadreach. isf tie fpestibieantio di ssekahiton
menber and the second anti-dissolution nenber includes a filmthat

i s formed by IRE1BFOBNCF dehei @aF icaat e PRRRtAGBOEHENYi toithEL X pasgur e
appar at us q%%the fo%tx-ninth aspect, it is possible to formthe 20
anti - di ssdifift PEASE PREVEAD Hae St RREtdR™ AE thimBEPARE S o3i dptotathe

: . . v ot
Che Zame B byl ot " EpBstE 2t SHEe ol f grimtio Recesaazy fo
anti-diss i fuir S| process. .25 A fiftieth aspect of
t he prese%%%?ﬁggﬁgﬁéggggéggﬁeéggb%gte§58gﬂﬁgtiﬁba?ﬁ?ugtééd%?agﬁal?o
Bt - i s e B P BB ol S e FRP FER tPm 10
having a pIfiectd¥e since the optical element does not dissolve in

the liquid, it 1is 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 £ilm that is formed by use of an identical
material.

According to the exposure apparatus of the
forty-ninth aspect, it 1is 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 1is
possible to form the anti~dissclution films by a simple
process.

26 A fiftieth aspect of the present invention provides

the exposure apparatus according to the forty-eighth
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function to protect the optical elenent against the liquid. 5
According to the exposure apparatus of the fiftieth aspect, the side
surface of the transm ssive optical elenent on the substrate's side

of the projection optical systemis provided with the net %PFO4-505
anti-dissolution film which is insoluble to the given liqurd

i nt erposed between 10 the surface of the substrate and the projection
optical system Therefore, it is possible to prevent infiltration
to and coPsFsidn ofint hwhilicAnshhssivecopti caltiel tarol uby ohhenbhgyi-d
and thereby to maintain the optical performance of the projection
optical syStdmdesaguekaylantysdisspiupdesi bl bntheaivod d wht sset uiiren
of the transm ssive optical element in the liquid and thereby to
mai nt ai n THE S P& ofRanBECEfCthet BR peRiric abparlament | aoaddistt obhei t
i s not negessar to replace the transm ssive optical el enent
frequently. “Fthetefore, it is possi ble to 20 mai ntain high throughput
of the exposure r,at us A%ift -first aspect of the present
i nvention pr ovzll“ggg%fihe FeXBok ‘Fee%%fiﬁ}lﬁ?u@pgéf@rt&isn@LtBh?h%lﬁ%ﬂ:@t h
aspect, igs iccg1 t@ﬁ S o(%i i~ di ssolLuti.on nber . further jncludes
an adhesi on\ﬁ:éel Hf or cfengsclfclg] mgporfr?é:c? Z%Ifbgﬁﬁeeﬂgflﬂﬁmélsﬁévfur?%%%cﬁi
the opti cglleg[{eq{geggx and Lhesqetal. aatiydigsolution film 37
ATI PF04. 505  Accordi ng t o the gxpossﬁ_rgedgpﬁgr% U Thet ARt PR
aspect, tRgsmREAl sapticvdi ESPhMEPR fd DU 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 opticel
element by the liquid and thereby to maintain the optical
performance of the projection optical system. As aresult,
15 it 1s 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. Therefeore, it 1is 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-dissclution film.



formed on the surface of the adhesion reinforcing film forned on the
side surface of the transm ssive optical 5 elenent on the substrate's
side of the projection optical system and it is possible to attach
the nmetal anti-dissolution filmclosely to the transm ssi ?S‘%E’%Omfl}? al
el ement. Therefore, it is possible to prevent infiltratio %
corrosion of the transm ssive optical 10 elenment by the given liquid
i nter posed between the surface of the substrate and the projection
optical systemAandrdtiher eltyo t othai nteaipd dulee opipgakaparsf orgmncen of
the projection optical system Mreover, it is possible to maintain
t he perfofidnge fofr4thea erposur e happariat Usabecadse sbS e metalm is
anti-dissolution filmis not detached fromthe transm ssive optical
el ement afidrogd tqranshe ssiivéagpt icdalthel 2deat idoeseriotf odicsisof vei im
the liquid. In addition, it is not necessary to replace the

t ransni ssEPETSSt ithl the| ahdat stedqmntd . tThekshosaisistives qussidl e
to 20 maintain high throughput of the exposure apparatus. A
fifty-sech 8%‘%8{1 bRethaPpEEER S ALESRt PERChpRRA et tere axpbealt e
appar at us ac%ordi ggaré(g the fiftieth aspect, in which the second

anti - di ss3Fati0n r LFur tfer ARtk atProfélEicPe fildn ftahe

el 2 ittt en N e he BtetllNe LD S Lo
ool I PR YOI BEREAT U1 18 LIJSREOnY RSl £
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-dissoluticn 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 1is 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 & protective film for the metal

25 anti-dissolution £film. Here, the protective film is

formed on a surface of the metal anti-dissolution film.
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anti-dissolution filmis forned on the surface of the netal
anti-dissolution filmfornmed on the side surface of the 5
transm ssive optical elenment on the substrate's side of the

projection optical system and it is possible to prevent %%@‘?59%n
the soft nmetal anti-dissolution film having | ow abrasion resistatice
and thereby to protect the netal anti-dissolution film Therefore,
it is possible 10 to prevent infiltration to and corrosion of the
transm ssive op&fcakdélanento bythlee gixmshtgui dpplantaenposesisr between
the surface of the substrate and the projection optical system and
t her eby t & ifdi¥nes srRPeasppCitoaltiperpoenancévef file piwf eclié anetal
optical system 15 Moreover, it is possible to maintain the

per f or man@& T Ak Hiee e pbsurel Hppdry ApuBeherniide shefacanshitdsi vetal
optical el ement. does not dissolve in the liquid. In addition, it s
not neces&&My 10 TP AELOPNE L MaFOR™RG R dits calde e enBace of the
frequently. efore, it ls possible to 20 maintain high throughput
of the exégg}%g{lasp%ﬁ‘?%t%?lﬂa i POV Pradhc S s ket or gsehtie of

i nvention.yprayj e _ex re,apparatus according to the fiftieth
aspect, i ﬁh\%hio%%gf%%tc?réflalcp%%l{f?éi s%oﬁtu‘?‘?’onapl I rﬁdﬁ sgﬁaé’gssdfmaﬁt FRast
one sel ec g,re!vferig._m&m 0 Si st u,..25 Pt, Ni a, W
Pd, M, le, and Cr. A%%%rgﬁng%%osf fe@gr&%%%ﬁr8é§6p§1rlastsl?é%§lcf%egl}3@
NI PPO4- 5082 viirid ¥ obi1h bda3SRAF e A, SIS &la AN B3PI L RO LEE M e

constructed as the filmnmade of at |[east one o

metal anti-dissolution film. Therefore, it is possible

10 to prevent infiltration to and corrosion of the
transmissive optical element by the given 1liquid
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 ligquid. 1In addition, it
is not necessary to replace the transmissive optical
element frequently. Therefore, it 1is possible teo

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-dissoluticn 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
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Ag, N, Ta, W Pd, My, Ti, and C is forned on the side surface (the
tapered surface) of the transm ssive optical 5 elenent on the
substrate's side of the projection optical system or in other
words, at a portion where the exposure |ight beam does notypPaGSsos

t hrough. Therefore, it is possible to continue exposure in the
optimal condition wthout shielding the exposure |ight beam by the
nmetal 10 _anti-dissolution film A fifty-fourth aspect of the present
i nventi onfl%r’t@\?itﬂis"s‘f‘i1 hé SB&fosur e- appdrafiak @#ddordingsebuthen film
fifty-secqond %s ect, in which the protective filmfor the netal

anti > di sSOPAETORGTIM TS Hhtet b Rafiareadtt dife LR Hlolaice caff fAom Ehe
group consgisting qf Si P2, Y2031 NJ2F3, Cr 203, Ta205, Nb2051 Ti 02,

Zr 02, Hfoé,g’ N %2303 w, AEE:%’or Phglte ERE E¥pdsurte Ehphran ushofside

fifty-fou e | i i.bl.e tqQ select the rotective film

f or %/he n%%glf%g%t i(‘;tudpliesé%:p% f%gi?\g frffl%cteg Bg t%}% tf?ﬁqﬁgl%ﬁl’t’ﬁ@%‘i&?%%e
of tshe ne ti = di | Ut il t i S.f d on the transm ssive
opt itscal e%g%{aﬂ%?l.t O%hgggf%é%,gelrtglties Sptg)?ésjiebﬁg @J(;) eﬁoejcﬁc?h%nrﬁ% 1ca

appropri ak@s tRE9L 86t i N e fhdMfdrqd he yret Bbr%%&ﬁ%@gg' Hﬂéoe&;{c}]ée%%

based on the material of the transm ssiVve optica enent,

envi r onnmedt gWherige de ddANSALSS| ¥Ls OPHIGA enenry, d.S s placeq, t
type of the given liquid to be iryhterposed ug?f%) NI PFO4- 505 é"jl'beffjﬁeef'nset he

surface opothebdebstia atenabduthexporiieed i DR tRPt bpk mSMSt@Ag AL 4 he
| Tke. 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-dissclution film is made of at least one

15 selected from the group consisting of Si0;, Y203, Nd-Fs,
Crs0s3, Taz0s, NbyOs, Ti0;, Zr0;, HfO:, and La,0;.

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
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Afifty-fifth aspect of the present invention provides the exposure
apparatus according to the 5 forty-eighth aspect, in which the
second anti-dissolution nenber includes a light-shielding film A
fifty-sixth aspect of the present invention provides the RAPPSHER
apparatus according to the fifty-fifth aspect, in which the
light-shielding filmis 10 forned of any of a netal filmand a netal
oxide film A fifty-seventh aspect of the present invention

provi des PREVSHLSUIe Hppbracusiatber dithg e ttheand i fhey/ -t of dcaspect ,
in which the nmetal filmis made of at |east one selected fromthe
group con8P&iGRd Gty kempt angs the WNikeTa, W Pd, M, Ti, and Cr, and
the metal oxide film_is_ma of at |east one selected fromthe group
consisting of 2r &EW@E?“%%OZ?S?QE@, of Ghandreoent Amordthgnt o
t he expos ratus of any one of _the fifty-fifth to

fifty- sevé%t%rﬁ?;%ect%s&?ei t ef‘é’%ﬁéjsrs‘% bl BPPIH2EBS pr BF&HF Fir%di B2 i okhef

t he sexposgpe ki ght ef.lected.light of the exposure |ight
bearr51ef romg \X/gi‘ieépg on ?S?bgce%’l ilr?gwhgﬁlﬁeég?&erﬁa% AR ot Hier aF ton

porti on Ofiexta: siiflen st ager (LR tapered: syrtagg) of the

transm ssive optical enment on the substr S side of the

proj ection 25 qptiﬁaét%yﬁﬁ%byagﬁsc%f SEe.ﬁthﬁP@é%ﬁ?i '&%Jé+€10£”
this way, it is possible to prevent deterioration o he seal Img 41
NI PFO4- 50bromamter . #hé i féypeisahih agnestaohst haRLESEM | NVeNtigp
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 Zr0O;, HEO:z, TiO:, Taz0s, S$i0, and Cr,0s.

According to the exposure apparatus of any cne 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 a2 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 systemby use of the light-shielding £film. In this

way, it is possible to prevent deterioration of the sealing
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provi des the exposure apparatus according to the fortieth aspect,
whi ch further includes an optical nenber joined 5 to a surface of the
optical elenent by optical contact through the first

anti-di ssolution menber. According to the exposure appar at uﬁIﬁm%@?
fifty-eighth aspect, the exposure apparatus applies the projéction
optical system which enbeds the optical nmenber 10 achi eving excell ent
optical contact. Therefore, it is possible to performan exposure
process off@Meeriquid inmmersion type while maintaining a high
performance for over a long period of time. A fifty-ninth aspect of
the present i nvéntfbﬁtYIslﬁgmh despeled exfosthre appparatius iaceortdidig
to the fortieth aspect, in which the exposure |ight beamis an ArF

|l aser bedMOYhiedpthe AXRI BrentaRRHAt BF chepe rdhde ©f tdad Cournieth
fluoride, and crystal orientation of the surface of the optical

el enent | SHRFT Edwaécg F?&ff?‘eﬁ Al ofe AckBraP hychd PRBDEXpISUmed

cont? aur e o SHFESFRe Shr R TRc0F ChBih 40T odPost ELF PO EoBEAftcan
S made of CaTSl o PruGH el dngt {58 pha At AT cabl e to a & aser
opt i cal el oment "1 N Pba B0 TS il of CE8l o IAIOH deb Tt nd e
optical el®neny-&aghtachkewetd frawrrall S dFansih 5L eRsPELEYLRNGS Of
projection optical system which embeds the optical member

10 achieving excellent optical contact. Therefore, it is
possible to perform an exposure process of the liguid
immersion type while maintaining a high performance for
cver 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 resclution performance. Moreover, the
optical element 1is made of calcium fluoride and is

25 therefore applicable to a2 laser having a short wavelength

such as the ArF laser. Meanwhile, when the cptical element
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ultraviolet light and the like and fine durability against the
ultraviolet light and the Iike. In addition, the 5 anti-dissolution
filmto be forned thereon, or |anthanum fluoride in particular, is
subj ected to heteroepitaxial growmh when the filmis forngﬁPQ&_g%
filmformng surface of calciumfluoride having the crysta
orientation of the (111) plane. Therefore, the anti-dissolution film
formed 10 thereon beconesextrenely dense and achieves a crystalline
struct ur elwi theder pIif eve detent £l i j ettheaspectical tHemeseatn
invention provides an exposure apparatus configured to illumnnate a
mask wit haCld ed&osare Faghrabéam foransmisiéom ngparpatiemceon bhe
15 mask onto a substrate through a projection optical system and to

i nt er posea "giveP 4§ it ith 28 dsphae el et wssh fansudeneklilat videainst
substrate_and t.he projectiqn qQptical stem Here, the exposure
appar at ustfa’ﬁcl‘i}&rsg‘él{’%%t qsltﬂq‘gq d*Rg % em 1 bkBvi &8 Gl iRy stibPace
o o1 oot | on pt I O Ry EF M TR Ko 2% | FRAES AT G0t Mot phESEREnin

i nventionz;provigdes 1 apparatus according.to the sixtieth
aspect , iﬁl\%r??c&gt?\ién :b?ag]ﬁ{ﬂg‘;,i%?m %5 F%Pneicg rtr?eél% era?rﬁpl%xb?fa

et {1 e A el e e b sl gl secand, aspeel e

present invention 43 NP provi des the ‘exposu _ _
accor di ngotrochNeingl Xt Moklist nasheG thieN-WhLeh 1t Be; artal sfil md 5, pade

of at
(111) plane. Therefore, the anti-dissolution film formed
10 thereon becomes extremely 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 throucgh 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



| east one selected fromthe group consisting of Au, Pt, Ag, N, Ta,
W Pd, Mo, T- J, and Cr, and the netal oxide film5 is nmade of at

| east one selected fromthe group consisting of Zr02, H 02, Ti Q2,
Ta205, Si O and Cr203. According to the exposure apparatus \gbpg¥p:0ne
of the sixtieth to sixty-second aspects, it is possible to prevent
irradiation of the exposure |ight beam and 10 reflected |ight of the
exposure light beamfroma wafer onto the sealing nenber formed in
the peri pREPHIYotti BRe of*PeWidde aRPEBEEUSt hedcapatioty sutaceheof
the transm ssive optical elenent on the substrate's side of the
proj ect i of *Fpti cat F 3y A TME By use Wi EheEAS Neight -Bhitelid mgds i akn
this way, lit i,S possi bjre to Erevent deterioration of the sealing
mermber . Bricdr DEST iFTORCOF RETDERR AFSUR Fonsist hngi el BhowPhg a

schemat i c,conf.iguration 0.0f a.projection exposure apparatus used
in Enbodi fi rﬁt&&? {5% gp.?’ fqz’sMg”v?é\?v §h§v§%‘ﬁg AP E oS Jelratl 6116 AAlm
optigal I j 1, Fig. 3 1.s a view show n psj tional
rgl aét:i ons(?L<';15errﬁgIE g%talegg%%]rs{?%%eo? etlﬁ%t(%jt TESM g%lgn%ﬁ??pa‘ﬁgngﬁﬁ usf

nozzles 2% as oyl has i ntigke lLes<i;p a i tion in ternms of
a projection o;gjtgiecal systel%igshg\(/\énzzérsh Eﬁg' %.8&4518%?%%3[:04 505 Fig. 4is

a view showi ng pesbtienal telatd as,aenPg ’é?ﬁatrjthl%or ¢ o pffhe, s
optical elenment, and exhaust nozzles as we as I ntake nozzles In a

Y directi éhel Bitringcioftd heixty-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 £ilm. In this way, it is possible to

prevent deterioration of the sealing menmber.

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 aview showing a configuration of an optical
element of Embodiment 1.
Fig. 3 is a view showing positiocnal relations among
a tip portion of the cptical 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.
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projection optical systemshown 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 froma space between the optical element in the prapRELsRN
optical systemand a wafer W 10 Fig. 6 is a view showi ng a
configuration of an optical elenent of Enbodinent 3. Fig. 7 is a

vi ew showi ng a configuration of an optical elenent of Enbodi nent 6.
Fig. 8is a graph9shbwhd &L SH0H Hemrseh: 1amat ef¢ bet i vhsyamodgan
exit angle.,in terns of the optical K elenment of Enbodi ment 6 applied
to an ArFLRSCEHRPGHERD O 586931?*31 SV iVFtON G hesBRRPGUAL F bAS of
an optica 0 odi nent 7. Fi 10 is a graph showing a

rel ation gt%ggegéol%%ﬁ{gc??% ¥ aht aa% SR i 1 teemes o6t thhe
opti cal l-gRRt: :qf edLgen li,ed to.the.ArF_excimer |aser
Fig. 11 ig a vieM/gkgﬂ?ng a c%X%%%ﬁlﬁ%%hﬁo%naﬁlgOpﬁrcal el ement of

Embarli ment 8. Frgg. 18 18 4 GhAPh 3DY Doy o £ &L Aol DeLyeen. 28

reflectivity and an exit angle in"terns of the optica

Enbodi menth8 apmbi €6t ent e ¥y & EXGiyERYer] aSEbun 43 N-PEO04-505 ) {;9-

13 is a graph showing a relation befween reflectivity and dn exi

angl e 6 inltestraied hemnitsals it Eebediprt: § apphigd.go
the ArF exciner |aser
and from a space Dbetween 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 1s 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 Ar¥ 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.
Pig. 11 i1s a view showing z 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.
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when a filmthickness of a second |layer is reduced by half. 5 Fig. 14
is a view showi ng a configuration of an optical elenment of
Enbodinent 9. Fig. 15 is a graph showing a rel ation between
reflectivity and an exit angle in terns of the optical el %%4-%5
Enbodi ment 9 applied to the ArF exciner laser. 10 Fig. 16 is a view
showi ng a configuration of an optical elenment of Enbodi nent 10. Fig.
17 is a graph showing a relation between reflectivity and an exit
angle in terns 8f%heldptitak erepbntsiofwBnbodi meetlatQcappbkedekn
the ArF excimer laser. 15 Fig. 18 is a view showi ng a configuration
of an opti%dateeteikhY 8RdEABoBKAENENG1e Bi gn torhs afgthphophawang a
relation beltvveen r flectivit%tand an_exit angle in terns of the

optical & SHEHIE AT Efiui heRbt18 applied te the AFF excimer Laser
20 Fig. 20,is a view show ng a configuration of an optical elenent
of Embodi ?r"ehnetsn fz%{l%“g&ﬁ%f"ilgsﬁ %’?éipﬁg%&ﬁi hEY&TrEf SGBIF PdbwebAlL .
reflectivity and.an exjt.angle in terns ,of the optical elenent of
Enbo%i nment 12 agﬁ i'eguiol%h% ,%\rrJFe"éxgﬁ%’f”Hgasaer?Ogglﬁ?l@’.at??q 8 #Pew
showi g a Ganfdaur et LABLef 42N gaRld Gal,fegber used in Enbodiment 14.
46 NI PFO4-505 Fig- 23 is a graph show ng angl e-refl ectance _
characteristicsrog.am sntigy f acey PLpRPLdHAL LONLACE $00W , 190 FL 9. 22

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 1is 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 1s 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.
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Fig. 24 is a view showing a configuration of an 5 optical nenber
used in Enbodiment 15. Fig. 25 is a view showing a configuration of
an optical elenent used in Enbodinent 16. Fig. 26 is a view
conceptually showing a first step in a manufacturing proc%ﬁﬁF&Qg%an
optical elenment 4 showmm 10 in Fig. 25. Fig. 27 is a view
conceptually showi ng a second step in the manufacturing process for
the optical elenent 4 shown in Fig. 25. Fig. 28 is a view

conceptual |y shBirng a3t hiisd st epraph i ahblvd nmanuhadid W) HEOERES
for the optical element 4 shown in Fig. 25. Fig. 29 is a view
concept uakby Iavi 1S bl €auet hamstigpt e X fiat beo freowif Ack Ur ¢ owgt PEOCERSWHOr
the optical element 4 shown in Fig. 25. 20 Fig. 30 is a view show ng
a schemat & ¢orfi g@fation of a projecti on exposure apparatus used in
Enbodi ment 17. _Fig. 231 s a view show ng positional relations anong
atip portion of*PheSptital &iGenthodhBdehatetihguspssonaofesh as
i nt gke nozzles .i;n an X directiaqn in.terns of 5 a projection optical
sys'?éém sh@éﬁﬁicna%i%?m%%‘? BP§e 32 |%]%P I%W”éh@)&/i'ng posi ti onal

relati ons anongg: 47 N:PF04-505 . the fip.portion of. the tical

el enent, and exﬂ%ﬁét I§r?ozlz? eg v&sewm?$°§§83ntaak%°% Jz?\légggﬁnaoﬂrf an

di r ecti onoph RN Ofnd R wBLA G HQRLLPLLGRL S¥stem shown in Fig.
30. ) i

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
26 & projection optical system shown in Fig. 30.

Fig. 32 is a view showing positional relations among



Fig. 33 is a view showing a schematic configuration 5 of an exposure
apparatus according to Enbodinment 33. Fig. 34 is a view showng a
configuration of an optical elenent according to Exanple 1. Fig. 35
is a view showi ng an aspect of reflection when light is i&ﬁgﬂ@%#n
calciumfluoride. 10 Fig. 36 is a graph show ng residual reflectivity
of calciumfluoride when the light is incident on a cal cium
fluoride substrate. Fig. 37 is a view showing a configuration of an
experi mentak digyipee tuised oifnt xamd ecdl lerg:, 38d SxRavkewShHontag a
configuration of an optical elenment according to Exanple 2. Fig. 39
is a viewashowihgas condkguiatibasofnan Yy dxperitient ah devineecasege i n
Conparative Exanple 1. Fig. 40 is a graph show ng results of
measur eneRE 0@ CHi ot epist headusyd taft ethavie xpEignedOs of the optical
el ements of Conparative Exanple 1, Exanple 1, and Exanple 2. Fig. 41
is a view show Fiy9 a Tonifi guivdtsivo s e i g ©r anduemediive coptlicalr af ement
accgrdi ng I%o Example 3. 25 Fig. 42 is a view showi ng a configuration

test BF %&c HY§ 2 BRAKPILE S3 2P 1 PP 4t goBmbpdgmess iX3 a vi ew
showi ng a configuratign of a transm ssiye optical el ement according
to Exanple 4. ll%r%: Eg i 22 view s oW RYRE Corftiytt S¥FeRiBR T 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 wview showing a configuration of an
experimental device used in Conmparative 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 szlement according to Example 3.
25 Fig. 42 is a view showing a configuration of a tester

according to Exanple 3.
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transm ssive optical elenment according to Exanple S. 5 Fig. 45 is a
view showi ng a configuration of an optical elenment according to
Exanple 6. Fig. 46 is a view show ng a configuration of an optical
el enent according to Exanple 7. Fig. 47 is a view show ng &1pro4-505
configuration of a sanple 10 1 used in Exanple 6. Fig. 48 1s a view
showi ng a configuration of a sanple 2 used in Exanple 7. Fig. 49 is
a view showing a configuration of a sanple 3 used in Reference
Exanple 1. 15 FH'§9-509 sia A eW sHovdhy Bmg experemengatatévhce fised
in Exanples 6 and 7, and Reference Exanple 1. Fig. 51 is a graph
showi ng r &SENSIGTS E%PePPheREd ShPIBirpreso6dang ZoadidaRafler ehce
Exanple 1. Fig._52 is vi ew showi ng the state of the sanple 20 3
after the experfhgnt .Mgi g5 53 Yi%Y WAV ENdwWAnF kb Tabiaki oif of a

transm ssi opt.i cal el enment _accarding to Exanple 8. Fig. 54 is a
vi ew shovm'lt\r’%nasj?nclosnsf i gur g?‘ﬂ)ﬁaca%f & %%Iﬁ%n?%%%ggaat i%@alExé}i to-
according to Ex l e ,240.._25 Fi.g.. 55, is.a view show n .
com?jir guration o {fg t4rj'5anlssm' gsid\}gewop pegtng @rm%?ng%%]dgai%ﬁant & Exafpl e
11. 49 NLBEQ4-50% 1 i 9n+ 58l A\ | onfiguration of a
transm ssi \ge opt | caJI e eﬁe%%hgﬁ&r'agle\;\%é[%)y%ggé?e%ée Exanpl e 2.

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.
26 Fig. 55 is a wview showing a configuration of a

ftransmissive optical element according to Example 11.
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Fig. 57 is a graph show ng angl e-refl ectance 5 characteristics when
light froma nmediumis incident on the transm ssive optical elenments
according to Exanple 10 and Reference Exanple 2. Detail ed
Description of the Preferred Enbodi ments 10 Now, preferrednrpros-so5
enbodi ments of the present invention wll be described with
reference to the acconpanying draw ngs. (Enbodiment 1) A projection
exposure apparatus according to 15 Enbodinent 1 of this invention
will now be desttPbedl i tA & eFépEncERaWiRtie sacconpiaoyiagidnavi higs.
Fig. 1 is _a _view showng a schematic configuration of a projection
exposure CAFPArHIE Gppl SR hhCRhe 2@BeRAd *epeatinet hbed debedenge to
Enbodi mentEx]a. .t i%s to be noted that an XYZ orthogonal 20 coordi nate
system as |Ilml§)s]tera ed in Fig. 1 will be set up in the follow ng

expl anati on, ang. positional relatjions of . respective nenbers wll be
described with l?le er e%Ze ?8 %hi ERZ 0P PREGERI a@@&‘ed‘ll?f‘a‘:tjee%?ﬂl%%

In GErTs ehahe IO OrLRogRRal qgandinate SYstem, an X axis apd a v

axis 25 are set parallel to a wa € a Zaxl s

or t hogonakndi £ eghkan st e phafels Wi difkd i z
NI PFO4-505 ort hogonasl cooréji nat e syset em%\rgﬁ?&fﬁ%lgfﬂ@g %}ﬁg§91p‘?l 1él(r]\e

i s actual bypdsete i par ekhbi1pl @e to a horizontal plane while the
Z axis is set in the vertical direction. As shown in Fig. 1, the
proj ecti on exposure apparat us
Detailed Description of the Preferred Embodiments
10 Now, preferred embodiments of the present invention
will be described with reference to the accompanying
drawings.
(Enbodiment 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 configurationof a projection exposure
apparatus applying the step and repeat method according
to Embodiment 1. It is to be noted that an XYZ orthcgonal
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. 1In terms of the
XY¥Z orthogonal coordinate system, an X axis and a Y axis
25 are set parallel to a wafer W while a 72 axis is set in the

orthogonal direction to the wafer W. In terms of the XYZ
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5 according to this enbodinent is provided with an illum nation
optical system 1 which includes an ArF exciner |aser as an exposure
| i ght source, an optical integrator (a honogenizer) , a field stop,
a condenser lens, and the |ike. Exposure light (an expOSLwﬁﬁP%b?§65
beanm) IL 10 consisting of ultraviolet pulse beans having a wavel ength
of 193 nmis emtted fromthe |ight source, then passes through the
illumnation optical system 1l and thereby illum nates a pattern
formed on A Feeyeral( gomasiinate Testénght phesibgutrkroaghxtthglane
reticle Ris reduced and 15 projected onto an exposure region on the
waf er (a SUBKTHREIY Webhdted wareld phatleresitst aahogiivem tariojpaatieon
magni ficati.on P (G3 i s set to 1/4 or 1/5, for exanple t hrough a
Q%;?céFes? )

proj ecti o’ sE&mPLSwieh 8 FBRd&Eediqadl etbneetEoon bot h

sides (or on one _side toward th fer 20 W. Here, as the exposure
light IL, it isﬁgl%%o'ﬁBstI? Eﬂ@- fo%%%@ﬁ% REPOISAYE appaiRtus

(havgng o pewsignath of 248l 20 2,120 beam(hau nga,
vyl gt SR 0 o AN LB, AR o Ll c ol ey
The X di ot one The S diY et SREUS T nb B Fobti bt T PFOReY |
Posi ti ons irtfedfetéet i£hentiaas BST) | n kekd® 9fobhe, ¥olideWd 00 enkhe

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 pProjection

magnification B (f 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 F; laser beam (having a wavelength of 157 nm),

an i-line from a mercury lamp (having a waveleﬁgth of 365

26 nm), and the like,.

Meanwhile, Tthe reticle R is retained on a reticle
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5 Y direction, and the direction of rotation are neasured and
controlled in real time by a reticle laser interferoneter (not
shown). Meanwhile, the wafer Wis fixed onto a Z stage 9 by use of a
waf er hol der (not shown) . The Z stage 9 is fixed 10 onto @pr§¥s0s
stage 10 configured to travel along the XY plane that is
substantially parallel to an imge plane of the projection optical
system PL, and controls a focal position (a position in the Z

di recti on)S@H#E aRSTt ARGl Lhof retd alef estauePd’$Ti dnscafpd et s staage
9 internms of 15 the X direction, the Y direction, and the direction

of rotat PFRARI ARIQK £d &Y BONERG Flod Heat ieke imi eehydarewafion,
| aser interferoneter 13 applying q novable mrror 12 |located on the
Z stage 9%3\%&%@5??%980(@“&&@%di(*feq’%l?ﬁ g&leHobAtAoBaseP o3 idAgns
configure contral the X 20 difection, the Y. direction, and the
directi on%oé e At e fsiftan%ev%férl%t%%ior? SOt Fofigfsitdpng the

rotation 0
i ncluded i i jectiqn X re .apparatus, adjusts the positions
of the rett oe SEPIohe CrhaNep e RN AR AL S A R R r bcreBaS gy
the 25 dir i i 0 a n ur nt. v iC are
nmeasur ed vﬁqﬁ\ ?@.ﬁﬁﬁg??g?g Igsrgr Sx?%?grfg?%%et E)SP %2%&6%50 aser

Speci fi calilnt;e t herombBeeoNtod SYSHeM 14 transnmts a control signal
to the mechani smincorporated in the reticle stage RST, and adjusts

tR g$ positions oMethenriatd Cltthe Rdyes imely MMEANGANS 4 of s¢lg5128¢

. 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 wafexr W. Positions of the 2 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 lasexr 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

exXposure 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 1laser interferometer.
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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 Wwith the image pl ane of
the projection optical system PL by applying the aut o-focq@P@FQ.Q@@
and the 10 auto-Ileveling nethod. Specifically, the main contro
system 14 adjusts the focal position and the tilt angle of the wafer
Wby trangmtting a control signal to a wafer stage drive system 15
and drivi n§qhe ZCat de IR t Bothe ConfEplststrtami vd systmsmibs lan
addition, the majn control 16 system 14 adjusts the positions of the
waf er Wi Qtnetrlnr&?l SR IHet XTQi relei giechdelyndiineeTppraand tire the
direction of , rofation ?§§1ed on neasurenment val ues which are neasured
with the WarerC 1 asdPIEarr Ho@BrIoss tESeRPFiEAPIP OF hidie Fathcle
control sys [,U .the positions.and the 20 direction of
rotation )cl)&f tbt%}r?eélﬁnla?g*' %%fihtgr éaﬁjsem’fﬁhﬁlﬁ 5E64G &°%i gnal to the

vwaf e stage dripg. gyslem l%sgnﬂ?igr icvgﬂlgrgfes)g(%/gi%tgﬁ & 16([)%\;\{1” f";]tége

waf er stage drive system he 11 ne of e,

control system %si@éﬁqwéiﬁéyt%}ﬁd %ﬁBeEt%9{5%99%%{)?%::1%%50”

the wafer Wstépw se to a position of éxposure rans € 53

NI PFO4. 505 i 160Rtd Pl e 4 ONAl e L e Waf g1 shage dri yst n
driving the XY stéa)lgee 10 Wi?h t he waf er %tage EI?I %gggf}stéergn&%gf:% 8

Speci fi calthy, whife maiwni ERMKO|inty$d @MNalfe LEPEALSAY cLPEA bRR1 E9H

exposing a pattern image of the reticle R
system PL by applying the auto-focus method and the
10 autc-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 % stage 9 with the
wafer stage drive system 15. Inaddition, themain control
156 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



5 onto the wafer Win accordance with the step and repeat

net hod.

Thi s projection exposure apparatus adopts the liquid inmmersion
nmethod in order to virtually shorten an exposure wavelength and to
i nprove resolution. Here, in the 10 projection exposure ap@ﬁﬁgéggmgf
the liquid imersion type adopting the liquid inmersion nethod, a
given liquid 7 fills a space between a surface of the wafer Wand a

transm ssive optical elenment 4 on the wafer Wside of the

proj ection

opti cal sSY¥SFEmPL atghedsttadurhagwelfert remsfer di5vefl stystqmatiBrand
image of the reticle Ronto the wafer W The projection optical
syst em PL 9 A idies e BFéns tpge 10 w3 thokhkousifry shbukpteivpt sgakem

el enent s de of siljca | ass or cal cium fluoride, which
coIIectivgﬁy
proj ection_20 tical systemPL, the transm ssive ggtical

| ocat ed i 1°EHE T Y5 es?T poiPPPdR% 6 PR WRFRringye

cORSEGUTAE 1 he bRejBRETOROBPEPEaP VST AtPEEPER tishRs

el ement 4

dehefretaréeum

wafer Wside and a

fl i de, f ti ti 4A t.h
Laper od SOTACE B TALe A g R oRCFOBRPRE Artih o Seh VP ot f chFpoat

el ement 4 are Qnly allowed to contact 25 the liquid 7. In
corrosion and other defects of the |lens barrel 3 nade of

this way,
netal are

avoi ded. 54 NI Pf@ﬂs%jg@fgpntgsgp@%@e?;g%i%@gfa&%é L3S S51 ye

optical elenment 4 shown in Fig. IS m al ci um

uori de; *an

crystal oferiradicimefchd d Lhd£e8 ¥ 19 uithace Pk nhe e £ 8hCi il sure

fluoride is defined as a (111) plane. Moreover,
wavelength and to improve resolution. Here,

in the

10 projectionexposureapparatusoftheliquidimmersiontype

15

20

26

adopting the liguid 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
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
optical system PL, the transmissive opitical 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
the liquid 7. In this way, corrosion and other defects

of the lens barrel 3 made of metal are avoided.
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5 a magnesium fluoride (MgF2) filmFl and a silicon dioxide (Si02)
filmF2 collectively serving as an anti-dissolution filmare forned
at the tip portion 4A on the wafer Wside of the transm ssive
optical element 4, or a portion where the exposure |ight RasR§8s05

t hrough, by use of the vacuum 10 vapor deposition nethod. I'n
addition, another silicon dioxide (Si02) filmF3 is formed thereon
by use of a wet filmformng nethod. Meanwhile, a tantalum (Ta) film
F5 (F4) servingi@aserathtthdsamatdrssdl of i ome fitangmhsshval sptical
functions as an 15 adhesion_reinforcing film is formed on the
tapered sGrEHSRUB 8POrRelnrBhgni 2disv@agist Péatakrénanfldprodea and
portion where Eﬂg exgos%re.light does_not pass through, by use of
the sputt &FYTG et ABESTIR T4@dt tPEn 2 af 511 EoFmidioxsUELESEODE f Ehm F6
serving agai%ig{oﬁﬁgtive filmfor.20 the nmetal_ antj-dissolution film
(a protective it FEite *2fs i tredotuied ot ¥ HLlaee - préeEeeVag. t he

t i =dj . ut j fil.mi] . f . th t al
et | o sdissalun on 1 sofed an a.eucfage ol Lhe geLal,
orm na e < uk penus ki { QU 25 61 e sl LoD
anti'diSSQHQ%iQQefEBELmﬁpa%PthQStN ng#%§Q§14Q?o&pﬁﬂgdw8?8%rﬁit%Qgred

surface 4B of the transm ssive opfical elenent as so ?y n

ggg\e/e\/\lggs/bfeﬂH&ti@nsﬁﬁs@%'v@No tAR{a 2R, PAGKE g @ﬁ‘:@!ﬁé&ﬁ%ﬁ' wﬁgr?f
o Moreover, nean reflectance of the anti-di'ssolution film
the exposure light passes through, by use of the vacuum
i0 vapor deposition method. In addition, another silicon
dioxide (S5i0;) f£ilm 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 functfions 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. 1In addition, a silicon
dioxide (510;) film Fé serving as an protective film for
20 the metal anti-dissolution £ilm (a protective £ilm for the
anti-dissolution film) for ©proteciing the metal
anti-dissolution film is formed on a surface of the metal
anti-dissolution film (the anti-dissolution filﬁ) F5 by
the wet film forming method simultanecusly with formation

25 of the silicon dioxide (Si0;) film F3. Here, the metal

anti-dissolution film {the anti-dissolution film) F5 to
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5 formed on the tip portion 4A of the transm ssive optical elenent 4
is equal to or below 2% when an exit angle of the exposure |ight
beamis set to 50 degrees. The transm ssive optical elenent 4 shown
in Fig. 2 is for instance nmanufactured by the foll ow ng stgpgys-5050
(i) a masking seal is attached to the tip portion 4A on the wafer W
side of the transm ssive optical elenent 4, or the portion where the
exposure light passes through, so as to avoid attachnent of the
netal ant di &sf%}@lffiodh the | R BSTRAI ERTiTE cqufpb s tihe e dmsmibas bmet he
tapered 15 surface 4B of the transm ssive optical elenent 4 or the
portion R G Bt e? 1 Rafit Saﬂaég’l&dtt-‘rba?é% RO UGt e T (¢anaTheo

tant al um (Tay, ki i e ited, in the thickness_ of 200 nmon_the
t aper ed s%}fggéobgboﬁp?hgg r%%gﬁ%5§i€8n56bﬁiSgpaéiéﬁeﬁf abgyeuleat of

t he SpUttﬁB&Qﬁﬂﬂﬁgﬁqgaiﬁ E@%g%ggah%% g%t%heaggkﬁ?%'%ﬁ%%1£€$?$;%$%@

(al so functioning as the adhesion rernfdrcing

maski ng seakrald aghed d @ 1t dit HPrdd Yr eo%rra}nl“g%%f&?v}:’lﬁl' e, of
; IV

the transm ssive optical elenent 4 is peeled ©

magnesi umefllen@rtder ((IMRZud il fpFbri BetiBe b GNess, Cﬁx%@ deo%he
silicon dioxide (Si02) filmF2 in the 56 N PF04-505 thickness 0
300 nm ar ¢hkoreampb saird heighp pektd ans 4 ©ntot be waher W side of the

transm ssive optical element 4 by wuse of the vacuum vapor deposition
met hod; (v) TheTlséliransdiesiide EFtiNalid enédtandsiéwhnihheig, 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 functiocning 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 fiuoride (MgF:) film Fl in the thickness

of 15 nm and the silicon dioxide (Si0:;) film F2 in the
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5 thickness of 130 nmare sinultaneously formed on the tantalum (Ta)
filmF5 serving as the netal anti-dissolution filmthat is fornmed on
the tapered surface 4B of the transm ssive optical elenent 4 and on
the silicon dioxide (SiQ) filmF2 formed at the tip portiqﬁpﬁgiéﬁ on
the wafer Wside of the transm ssive optical elenent 4 by use of the
wet filmformng nethod, and then the films F3 and F6 are heated and
sintered at 160C, and (vi) The silicon dioxide (Si02) filmF6 forned
on the ta&RANRITOLf3Ph FB sepvitngrast tate tiet ativ IBortion 4A on
anti-dissolution filmfunctions as the protective filmfor the netal
anti - di ssSfit MaF e Fnefide plotket Fhgn eRé SFeval opaddaldiedsolentti dnby
film Meanwhil e ure water which is easily available in |arge
quantity &% YeritondBctor FERAader? fht bPRNPEEROI0 the |ike is
used as t liquid_ 7. .Here, . the pure water contains very |ow quantity
of 1 pur (s i p L1 RErer e B pdstiuT| ¢ oRi TE AnFua | b Ebe
cle t he rf.ace of th fer W Fig. is a view show ng
pos?gt]i onalt%;iecf a ?so%sogn?ﬁgdvaﬁg e t?gmﬁiﬁ‘@?‘&ﬁ’%&%n OFRESt &Pkr RS
surface 4B en 4ihg, waf W si of et 1ssive_optjcal elepent 4
in the 57 NI PFO4 SOSPf%ﬁon%gﬁgn d%?ica§$€§£%§n1Pf? th hﬁaféTe Tand
two pairs an@fi-exhaust upezzl esi as Welde ass ”M{%Se&o%zd e%h%"”{%ﬁé’%eg
pere B he

to interpose the tip portion 4A and the ta surface 4
waf er W sisthe fiatd hm X% i fiest ¢ insheaRWRI @pthich1l element 4 and on
the silicondioxide (Si0;) filmF2 formed at the tip portion
10 4R on the wafer W side of the transmissive optical element
4 by use of the wet £ilm forming method, and then the films
¥3 and F6 are heated and sintered =zt 160°C; and
{(vi) The silicon dioxide (Si0;} film ¥6 formed on the
tantalum {(Ta) film F5 serving as the metal
15 anti~dissolution £ilm functions as the protective film for
the metal anti-dissolution £ilm 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 c¢lean 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



5 4 is a view show ng positional relations anong the tip portion 4A
and the tapered surface 4B on the wafer Wside of the transm ssive
optical elenent 4 in the projection optical systemPL, and two pairs
of exhaust nozzles as well as intake nozzles configured tgﬂbpé§5@pse
the tip portion 10 4A and the tapered surface 4B on the wafer Si de
in the Y direction. The projection exposure apparatus of this

enbodi ment includes a |liquid supply device 5 for controlling supply
of the |i i Fchrenaopbtyord sesdesr PL,dehieceal efroll,cantdr elvbi pgirs

di scharge of the liquid 7. 15 The liquid supply device 5 includes a
tank (not °SHEMA$broenalepqaisdwel la asodsterkpumr 1 hes shofnyurad

t enperature control device gnot shown), and the |ike. Moreover, as
shown in Fi%.1TEeERC kN8t LhBzPRE tipe Hdvialy e etawemeddstiface
portion alg?g t@ﬁ +X dir ctlan pof the tip 20 portion 4A and the
tapered surt 3Re" 2B "G6H $he GAFE IS 1 5eEbnABct elerBWhid o apd

su y deyjce 5.t g ppl tube 21, and an exhaust nozzl e 22a
haeﬁag an4eﬁ§%d%tgégwi%h%ﬁggFf&%D%}%h%n?%er?ka&ﬁP&ﬁjqﬂPQﬂ the £ip

ortion 44 and; t f rface t he.wafer. . Wside is also

(F:)onnlect ed®25 thoelrﬁgﬁ) t r(:1):3%h%%pseﬁlcpepclqi ﬁlﬁ%aecizgéﬂaﬁ@aﬁm ?":51 e&;%sﬁbaﬁ in
Fig. 4, Is ted ti 58 NI PF04- 505
"8 4 SRexhaust: boggl e-2de by on hangel pd 4 . 8B N PEOS505
surface 4Bpaft ddTE swaft@im WESi 86di1S+& PRASH 69 efi0ad bE Ad eé’:;-z%;pﬁéh

device 5 through a supply tube 27, “and an exhaust nozz avi ng
an el ongatsed ihitp eohbiz@les configured to interpose the tip portion

10 42 and the tapered surface 4B on the wafer W side in the
Y direction. The projection exposure apparatus of this
empodiment includes a liquid supply device 5 for
controlling supply of the liquid 7 and a liquid recovery
device 6 for controlling discharge of the ligquid 7.

15 The liquid supply device 5 includes a tank (not
shown) for the liguid 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 pertion along the +X direction of the tip

20 porticn 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 Wside is also connected

25 thereto through z supply tube 22. Meanwhile, as shown in

Fig. 4, an exhaust nozzle 27a having an elongated tip

b8



5 along the -Y direction of the tip portion 4A and the tapered
surface 4B on the wafer Wside is also connected thereto through a
supply tube 28. The liquid supply device 5 adjusts the tenperature
of the liquid 7 by use of the tenperature control device, \gpfly-50
supplies the 10 tenperature-controlled liquid 7 onto the warer 4\/?/f’srom
at | east one exhaust nozzle out of the exhaust nozzles 2la, 22a,
27a, and 28a through at |east one supply tube out of the supply
tubes 21, PeEtipn p&Ehejere dihectenperfit thre top phethbguid Fnds
set to substantially the sane degree 15 as the tenperature inside a
chanmber i ls”\)%h @cIFF‘éip?leE%F?oﬁB 83@p§§@ré’a§m¥aﬂhﬁ}sﬂmflﬂ Mennected

enbodi men%: ho sed % use 5_’ t he terrperature control_ device, for
exanpl e. TRe |h|e e HeFPTECE PnéPFgawta & Ao bt tulss o)

f he | h d 20 the lik

wor cover, “H8 § o%ﬁs%%%thozgﬁ“f’ﬁ@éﬂﬁéxizfél“% ‘o aategsiea hhotng
t f. th f 4B

a tig porguggagseﬁsady a@r%%ec 4 o8 8 i Pk e B B B B B A

are connected to the recovery

t ube 23, i no Ie e aving a ti ortlon
%Bgfacrg%)l%eglré%tlgq ; ?ﬂ b 4 Sa%‘ SOt 286 S c?e Lote

spread 25 in the + apere

connect ed-hhereio 4 heQugh % t 2 €y
NI PFO4. 505 |r]ilt%take nozgﬁegaZ%Lg&é)Z%EY 232% aflidqdz_f% %BSPISpOSGCFI n the

manner t hatjarse sSprieadtenpe rfaamshapesthel atigs d 07 afyaxss Jdathe
passes through the center of the tip portion 4A on Ke waf er W si de

and i s pateahipglratoitde XcaxksolMeanvhiiles, and  supplies the

10 temperature-controlled liquid 7 onto the wafer W from at

least one exhaust nozzle out of the exhaust nozzles 2la,

22a, 277a, 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 liguid recovery device 6 includes a tank (not

shown) for the liguid 7, a suction pump (noct 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 connhected 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
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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 portilﬁpFégécg%ad
in the +Y direction of 10 the tapered surface 4B are al so connécted
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 @kt ingz 2bear 3xi £ ihat2 mssesd tHtoagle dibeosent e ahet he
tip portion 4A on the wafer Wside and 15 is parallel to the Y axis.
The | i qui &R ehRdaviecePseascdnépsiaheshapes ¢ latfiomttchamakes W
t hrough at | east one intake nozzle out of the intake nozzles 23a,
23b, 24a, PHF PA3Sedophrapdh thed 3O athrsughh att i raser bhenr é8overy
tube out of the_ 20 recovery tubes 23, 24, 29, and 30. Next, methods
of supplyi Hﬁéelre@&/]é?? R A8 PREaLde 17t qithe B tet er iMRRDWINASA! t he

f Wi i in dj ti t - X di ti f
Hoalh BB S SR e I T S RS S A e g N U R
devi 5 25 [ .£S: I.qui.d . between the ti orti.on
42V:'themel I% gltf%edﬁlpgrﬂgsdﬁggg a(:':'(g:l Bf%egﬁsflto%{ceﬁ\ﬁaecelrc’%c’m dtgnelfs abered

NI PFO4- 505%;af s d ey . 1554 ty I 4 fer
t hr ough thé1 suappélly tu%ggl&g%lé/d@%%g %ﬁﬂ%ﬁ%tﬂr@%ﬁierggg‘.fégﬁe&\gyﬁaﬁy\é

recovery @eMcigyib of e6ev&it i Ravldl 9y dada WY Sfe I3 2 SUPPIFRA R0y E he
liquid supply device 5 to the space
each having a tip portion spread in the +Y direction of
10 the tapered surface 4B are alsc connected thereto through
a recovery tube 30. Here, the intake nozzles 2%a, 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
i5 is parallel to the Y axis.

The liquid recovery device 6 recovers the liquid 7
frcem the wafer W through at least one intake nozzle out
of the intake nozzles 23a, 23b, 24a, 24b, 29%a, 29, 30a,
and 30b through at least one recovery tube out of the

20 recovery tubes 23, 24, 28, 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 -¥ direction) of an arrow 252 indicated
with a solid line in ¥ig. 3, the liquid supply device 5

25 supplies the ligquid 7 to a space between the tip portion

4A as well as the tapered surface 4B on the wafer W side
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5 between the tip portion 4A as well as the tapered surface 4B on
the wafer Wside and the wafer W fromthe wafer W through the
recovery tube 23 and the intake nozzles 23a and 23b. In this case,
the liquid 7 flows on the wafer Win a direction (the -X gh%ﬁ?g&%n)
of an arrow 25B, whereby 10 the space between the wafer Wan 4he
transm ssive optical element 4 is stably filled with the liquid 7.
On the other hand, when the wafer Wis noved stepwise in a direction
(the +X dPfedi®onirarsaassinvew OGN cali edteadntn 4 haadchaien wadferin
Fig. 3, the liquid supply device 5 15 supplies the liquid 7 to the
space bet WeERYIethrps poPiydiba R lagndethe axhavs it aperéd suaf acehdB
on the water Wside of the transm ssive optical elenent 4 and the
waf er W tHAGdGh "E58 "RippI9PTHPR 22X ereivere ERhalistuhdzzl evkRah The
i quid recqver ecavers, the liquid 7, which is 20 supplied

. devi 6 d
fromthe Fluﬁ’ﬁil)ées(ﬁ\pl) fi?mdé Cce Bt b7 t ABPBgAc S e Hetsweentehdhs pspagei on
4A | t .ed f, 4B f Wsid dth
ot & W PR P B B A 48 S R0 L e T AP 4i8d | B e and
24b. I n t R iqui:d, 7 fl t fer Win a directjon
(the +;]( ZEBZnggtEFOH;a&%f]'J ;WﬂLélalﬁ&reov?%gﬁq%wearg%ﬁlvﬁhef%%i:@q%e‘fI Bh E!Fhe

fer Wapdrbhgr ransmi optigal H8l i.s .st.abl
N PFO4- 505 P T ed i ChoThoeT1 ol aor MErwir e e (102 SR 2,230 1 s

moved stepwidsesin the o%idi ractd onghthe; Liqui ¢ 7flio§vss%qpltil—ﬁ$ %r
recovered along the Y direction. Specifically, when the wafer IS
noved Winadirection (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 ligquid 7.
On the other hand, when the wafer W is moved stepwise
in a direction {the +X direction) of an arrow 2624 indicated
with a chain line in Fig. 3, the liguid 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 liguid 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. 1In this case,
the ligquid 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
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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

which is supplied fromthe liquid 10 supply device 5 to the space

between the tip portion 4A as well as the tapered surface 4B on t

wafer Wside_and the wafer W through the recovery tube 29 and th
SnE bt

i nt ake

exposure regio
whereby the sp

nd221 nB"89b19ui% nis case, the liquid 7 flows on

he -Y direction) of 15 an arrow 3

7.. On.the ot her hand,

el enent 4 s, .y filled. with he |iquid,

when the %h?é? %?ﬁ?rﬂo&é & Lﬁf%g lFns?ﬂggi?dd??QCY?%ﬂYeFﬁé 3 oue

supply device+5 is 20Q.1 Jauwd 7 t.hrough the supply tube
pply deyheey d§PQBIt1%§8.a. g’?ﬁgﬁléllqw dijyéctshen ﬁbee\%a ee%%Pé\éor{}%ygd

and t he exhaust nozzle

over

ligw d 7, swhigh deS 1sU ' q | Lguj ice_ 51to
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and € wa
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30b. In this case, the liquid 7 flows on t

e exposure Tegion

: e
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6 recovers the |iqurgrds-505

he
e

t he
1B,
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t he
e
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he

+Y direct Hewicshér shyp162 NitRi041%05 d tthenspace bakweepptherustes, W
and the transm ssive optical elenent 4 is stably filled with the

liquid 7. akdr éhel mxiddidt anotelehe7a0zziree CaRfiiGURG dvas SPRPEYi c&nd
recover the liquid 7 along the X direction and the Y

10

15

20

25

6 recovers the liquid 7, which is supplied from the liguid
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 2%b. In this case, the liquid 7 flows on
the exposure region in a direction (the -Y direction) of
an arrow 31B, whereby the space between the wafer W and
the transmissive optical element 4 is stably filled with
the ligquid 7.

On the other hand, when the wafer W is moved stepwise
in the +Y direction, the liquid supply device 5 supplies
the liguid 7 through the supply tube 28 and the exhaust
nozzle 28a. The 1ligquid 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
intake nozzles 30a and 30b. In this case, the liquid 7

flows on the exposure region in the +Y direction, whereby
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5 direction, it is also possible to provide nozzles for supplying and
recovering the liquid 7 along oblique directions, for exanple. Next,
nmet hods of controlling an anobunt of supply and an anount of recovery
of the liquid 7 will be described. 10 Fig. 5is a Viem,Sh%ﬁ%ﬁg*%%F
state of supplying and recovering the liquid 7 to and fromthe space
between the optical elenment 4 constituting the projection optical
system PL and the wafer W As shown in Fig. 5 when the wafer Wis
travel i ngtiv® Fhecei petieom thhevaKediW ectd bhy dbanbnt be iakr opt 2541
the liquid_ 7 supplied fromthe exhaust nozzle 2la flows in the

di rect i onedementx 4itecetoh)lvoffilaredrwbth25Beand disid etovered by the
i ntake nozzles 23a and 23b. In order to maintain a constant anount
of the 1iquid 7e¥6-f1F AN Pace bee etz ae aoptfiicl red éventpy 120
and the wafer Weven when the wafer Wis traveling, an anmount of
suppl y Vi 2CHBFECOMRF drP okt 19f 7 ratener jhvoX (ABFsytien ehd kheuid 7
are set e | . reover, .the ampunt of . supply Vi and the anpunt of
recégery %§§§ %ﬁ%ﬁﬂiﬁéi&s7a§%% 88Fﬁ§9&ftﬁéeﬁrBngetﬁﬁﬂﬂﬁ%@ ipsed
v of the t 5 (t.he wafer W Specifically, .the ampunt of
suppl y Viéﬁgﬁﬁggﬁggaﬁbg%tgg OVEESPS vtV oflﬁﬂéglftu?&o?gar%bllque

cal cul at ed ; .63 N PEO4- 307 followng formula 1. (Formula 1)
Vi = Vo= DvérHere, E)Hengteggém ﬁ%ﬁeter (m of the tip portion

Next, methods of controlling an amount ¢f 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 Zia flows in the direction [(the -X direction) of

an arrow 25B and is recovered by the intsake nozzles 23a

and 23b. In order to maintain a constant amount of the
liguid 7 to £ill the space between the optical element 4

20 and the wafer Weven when thewafer Wis traveling, an amount
of supply Vi (m*/s) and an amount of recovery Vo (m?/s)

of the liguid 7 are set equal. Moreover, the amount of
supply Vi and the amount of recovery Vo of the ligquid 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 liguid 7 are calcuiated
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5 4A of the optical element 4 as shown in Fig. 1. Meanwhile, v
denotes the traveling speed (nms) of the XY stage 10 and d denotes a
wor ki ng di stance (n) of the projection optical systemPL. The speed
v for noving the XY stage 10 stepwise is set up by the na%ﬁ 583%%9'
system 14, while the values 10 D and d are preset. Accordinng, e
liquid 7 always fills the space between the optical elenent 4 and
the wafer W by cal culating and adjusting the anount of supply Vi and
t he anounYoftheechvklgwogofotrimerld quid 7 based on the fornula 1. 15
Here, the working distance d of the projection optical systemPL is
pr ef er abl y F&é&miplsa nbk row as possible so as to retain the liquid 7
stably between the optical elenent 4 and the wafer W For exanpl e,
the working di$tan¥e=d %f" the projection optical system PL may be
set 20 approxiﬁately equal to 2 mnm Accordin% to the projection
exposur e appar atus®of P &P o derbeter s gfoddial elr appredent

di ssol uti of .t tical .el ement, because the _anti-dissolution film
i's f%gr mada%“nofhtehé;%pf%%cceacﬁfelt%erbﬁ)ﬁi ?:ﬁlsahecl”’é?réﬁ’c Flghet ef dfR2NYBiLRe

ti cal ' from dissolving in the liquid filli
The- space nerness Ro8 FREa L FET B A 3] RPokts b8 45t orrn

opUical SUEm I L SHBOL il £y adoaiont byo blok 3cERkyscerEaty

to replace the optic requent!y "an pos

mai ntai n Biygh dPeUIhPYE s9&ebiNg FRXPASYL S APRABNAF Us-a PR BOVEL pyh Lol S
not necessary
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-disscluticn film
is formed on the surface of the cptical element. Therefore,

25 the optical element is prevented from dissolving in the

ligquid £illing the space between the tip portion of the
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5 to stop operation of the exposure apparatus in order to replace

the corroded optical elenment, and it is thereby possible to

manuf acture end products efficiently. In addition, the optical

el enent does not dissolve inthe liquid and it is thereby }&%ﬁﬁ&%be

to maintain an optical 10 performance of the projection optica

system Hence it is possible to stabilize the quality of the

manuf actured end products and to continue exposure in the optinal

condi t i onPIvrapveen cadciorall sy tten he dpt bp evth Dtr @XpoSURe a 8sult,

apparatus of this Enbodinment 1, the nmetal anti-dissolution filmthat

al so functifonsSasn@he nRIFRSSBHEYr cidif oredilaprd i Ithe | sptocmEd ehetbkat

tapered syrface 4B of the transm ssive optical elenment 4 on the

vaf er W sitdé& BieR by s ddt iénPogsticdd teymedntrin Thehetlbreughpuits

possi bl e t\% %gtach 20 the netal anti-dissolution filmclosely to the
e

transni ssi® ft FEBP SEBrERRP 24 2 TEEmwWiia ke 0 &g fice: | He neitl ReeRsdrsYi de

(Si C%Z) fi!trzgisscformed 0 urface of the nmetal anti-dissaolution

.th
film it iS possi bﬁpeerrt-ao@b‘fg\?gﬁt “I§affEFE O & FPRBFFEHEL 4p order to
i1 e, 4 m bt o, 8 AT s e s g Loy

to protect e neta SSO

possi bl e 05458 N PEQ.‘"%%J%@M?@ eig'?i ité]%&ﬁw?!:% t@%tai”di&?ﬂw 0g,,0f

the transm ssive optic enent 4 by guid i'n erpos%d

bet ween thadisurdracecRt bhe 1wafiere Wiand: t BERr QR Legl, gygtem
PL, and thereby to maintain the optical per]gor mance ggfkﬁ‘é
liquid and it is thereby possible to maintain an optical
10 performance of the projection optical system. Hence it
is possible to stabilize the guality of the manufactured
end products and to continue exposure in the optimal
conditicon.
Moreover, according to the projection exposure
15 apparatus of this Embodiment 1, themetal 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 (Si0;) 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 f£ilm. Therefore, it is possible to
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5 projection optical systemPL. Mreover, it is possible to maintain
t he performance of the exposure apparatus because the transm ssive
optical elenent 4 does not dissolve inthe liquid 7. In addition, it

is not necessary to replace the transm ssive optical ele )
frequently. 10 Therefore, it is possible to maintain hi ghntqﬁ?g%ﬂ%t

of the projection exposure apparatus. Furthernore, the netal
anti-dissolution filmis fornmed on the tapered surface 4B of the

t ransm ssipve vegpt iledi ld memehen 4o @md noatdeari obdsthatt fa Pekhi keRve
where 15 the exposure |light beam|L does not pass through.

Ther ef or e PRt dasl solswidir e 4 doxdrte nueyek@os urret e npbhed optivadh the
condition without shielding the exposure light beamIL by the netal
anti - di ss&EGasHe 99 hbfeormtete ol el the frace ot ide epahsailssiseen
optical elenment 4. 20 Meanwhile, a refractive index n of pure water

rel ative t&t ABYeXPOEEPY TP gtibeahd Havs 7§ tife WaedIformancacduhtie200
bear havi B G el SHGTR 01 SY85 Mt noc HReE Cl9F 4 | et § R 81068
e postibrEid B athe i Enro Blanlel S The aduPeioe RprhLar
Lres as “eommired e rret AR g T e BE R el B ne o iy por
e o) Bi3ROL NRERSEREN L, seour @ bheasare deot 9 O okNE £8BLD, O

focus as the case of using The exposure beam
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-dissoclution 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 1light 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 am. In thisway, it is possible to obtain

high resolution. In addition, a depth of focus is
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5inthe air, it is possible to increase the nunerical aperture of
the projection optical system PL and thereby to inprove the
resolution as well. Moreover, the projection exposure apparatus of
this Enbodinent 1 includes the two pairs of exhaust nozzl %ﬁPﬁ(ﬁ'ﬂs 510
i ntake nozzles which are nutually inverted in the X direction anaoin
the Y direction. Accordingly, it is possible to fill the space
between the wafer and the optical elenent stably with the liquid
when novi Ag 9 1ewmf by iabdihe »X tdiresct i dne .t hbouk diLr eat itied hes+Y
15 direction or the -Y direction. Meanwhile, since the liquid fl ows
on the wafFempgred it ddssiddrth o f ifeuofin adHoreign objectdihagl ypay
be attached onto the wafer by using the liquid. Mreover, since the
liquid is"aGfudtelStPaY Jiews Eerperatif@ by WG anqded ragpplfythe
devi ce, t%e tz}ngc?r ture of the surface of the wafer is set to a
constant P&ERN RUARDIRNGEFE OF 11550 HIdS BrPOSHLS ddeht bean
degr.adati @ al ignment, accuracy..aftributable to thermal expansion
of tfe vvaf‘glr QEI%:eau ga’i % hésc&?r%%l% © eXBosdtet Cqher EPGr S1URRT{Ga D5
possi bl e % vent radati.on of alignpent accurac attrjbutable
to thernma 85)%31”%&;'&9%?1% ﬁgo\ﬁaﬁceﬁl%%e?rg%%ﬂi 7 BF%E Fp% LhEBPRY S
atime dithbenanas. fetipen-aLbalimil, and gxposure as in the case of
alignment in accordance w th the enhanced ~glfobal alignnent (EGA)
method, for exagplgovEw,tBRE, pAGFREAIRG LQpbRG R 9L8GHAAN LXROSHE €
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 £ill 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 cbject that may be
attached onto the wafer by using the liguid. Moreover,
since the liguid is adjusted to a given temperature by a

20 ligquid supply device, the temperature of the surface of
the wafer 1s set to & constant temperature. Accordingly,
it is possible to prevent degradation of alignment
accuracy attributable to thermal expansion of the waferxr
caused 1in the course of exposure. Therefore, it is

25 possible to prevent degradation of alignment accuracy

attributable to thermal expansion of the wafer even when



5 apparatus of this Enbodinent 1, the liquid flows in the sane
direction as the direction of novenent 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 wthout accg&g#&ﬁ' g
the liquid on the 10 exposure region i medi ately bel ow the"s acé of
the transm ssive optical elenent. In the above-described enbodi nent,
the anti-dissolution film applies nagnesium fluoride (MJF2) and
silicon dithweirdeigSe02)me Idist adentbhedbwashiati gankuti oAdTdLHd saYe
apply at | east one of |anthanum fluoride (LaF3) , strontiumfluoride
(SrF2) , ypétinde Fheer Pde Y MFESjentriut hemicmidd amomiide: ¢ ReRDLahaéai um
fluoride (Hf F4), neodym um fluoride (NdF3), gadolinium fluoride
(&F3), yttemsilumkigioreat (¥6A3) medfspt osfom 28afmbler.i de (DyF3)

al um num f | uori de gAlFB), cryolite (Na3Al F6), chiolite (SNaF3AlF3),
al umi num oxi de TPIPBSF, 3FFPESH i o¥icde thSi 0P)rodtd a@rum s asur e

(TiQ2), magnesiym oxide (MO ., hafnium oxide (H 02), chrom um oxide

(Cr 203), ag’iptadfﬁgﬁ‘iﬁncbéi%él%/%%é??lfﬁéﬁttallumtﬁ’@ntldﬂlﬁjé% (fe@0s) in ghlde 25

Cnbod menE AT Che L gl EESE. 508 GARE SIS DE Ut SR Pnb et ofe e

enmbodi ment’, € I anti~-di-ssof FifnP of

the opti Al oalarent By Uso B EhE Sadtin S550° “dehosi (G Wbt HatE

I nstead, abRke MY if'oqjéﬁgq{ "d}tﬂj%{é | R B P8 S %‘?{dugg tl.i'%etl% ﬂqlll;?gSt
recovery device without accumulating the liguid on the

10 exposure region immediately below the surface of the

transmissive cptical element.

In the above-described embodiment, the
anti-dissolution film applies magnesium fluoride (MgF:)
and silicon dioxide {8105} . Instead, the

15 anti-dissolution film may apply at least cne of lanthanum
fluoride (LaFs3), strontium fluoride (SrF.), yttrium
fluoride (YFs3), ruthenium fluoride (RuFa3}, hafnium
fluoride (HfF;), neodymium fluoride {(NdFs), gadolinium
fluoride (GdF3), ytterbium fluoride (YbFs), dysprosium

20 fluoride (DyFs3), aluminum £luoride (AlF3;), cryolite
{NazR1¥Fs), chiolite {5NaF-:3AlF;3), aluminum oxide (Al,03),
siliceon dioxide (Si07}, titanium oxide (Ti0;), magnesium
oxide {Mg0O), hafnium oxide (HfOQO:z), chromium oxide {Cr.0i),
zirconium oxide (Zrxr0.), tantalum pentoxide (Taz0:), and

25 niobium pentoxide [Nb.0s).

Moreover, in the above-described embodiment, the

G8



5 one of filmformng nethods out of an ion beam assisted vapor
deposition nmethod, a gas cluster ion beam assisted vapor deposition
nmet hod, an ion plating nethod, an ion beam sputtering nethod, a
magnetron sputtering nethod, a bias sputtering mnethod, anl\@pmtg n
cyclotron resonance (ECR) 10 sputtering nmethod, a radlo frequency
(RF) sputtering nethod, a thermal chem cal vapor deposition (thermal
CvD) nethod, a plasm enhanced CVD net hod, and a photo CVD net hod.
when f or nPRG 1a SRR ekl a8 fhémaneﬁednog?smamnmum|iﬁuq51ﬂer (Mb&s)
optical ele t he opti nal tical filmformn met hod may be the
vacuum vaﬁBgeﬂebbgPﬁ CFetRo l?ﬁelﬁoﬁor%@érﬁfﬁgﬁs@]@‘dlvaﬁ;cﬁlement
deposi ti og net ho r}{ gas cl ust er beam assi st ed vapor

Y& theg,a

deposi ti on ﬁo& FOHPI ‘é‘??ﬂﬁ gﬁﬁ?ﬁ&&l%mo‘jt n Ttre%%a@f

| F 20 yit YF3 it
poss: bi o EBef %%‘Eggﬁéhwgo e Y b @Fhﬁogﬁﬁg%ﬁ Rt RBAL S FiE t he
meany i e, opuhel frang %ﬂﬁ& ¥ AecAbLT 83! e at il h s on iy

for the optical elenent, S possSibl e to app

f or ni ng rrewwsc@btoeqta:ppme@%oafbre R e 1R £al £ WL d4 UL f8 o

having a crystal “orientation of (111) plane is used as a

mat eri al Qﬁpoﬁ‘gd%BEQﬁlégﬁanEﬂgd()péﬂ G@kn ﬁhﬁﬂ?ﬂhﬁé%ﬁ? % a{n %ﬁ%’ééﬁ' on

filmto be fornmed thereon, or I"ant hanum 1 uori
parti cul asput&Ml@@&éﬁﬁiP@hﬂa@ﬁ@ﬂr&ﬁ %ﬂ‘tﬂ‘@?ﬂn@%ﬁ@@h&@d A gadilm

formng surface thereof. In this case, the
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 (MgF;)
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 elament, it is possible to apply all the
film forming methods cited above.

25 Moreover, when calcium fluoride having & crystal

orientation of (111) plane is used as a base material of
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5 anti-dissolution filmthus forned becones extrenely dense and
constitutes a crystalline structure with very few defects.
Furthernore, in the projection exposure apparatus according to
Enmbodi ment 1, the netal filmconstructed as 10 the fil m mageref-505
tantalum (Ta) is used as the netal anti-dissolution film(the

anti-dissolutionfiln) Instead, it is possible to use a netal film
const ruct eclcti_\?e a.filmnade of at |east one of gold (Au) , platinum
(Pt) , Olt"Agfalm%k%meler) Ehaungsténciwso o demi amlePd)o b6

nmol ybdenu i tani um and chrom um (Cr Meanwhi | e, the
pr olyecti orﬁg érfbgdsfl&‘«? a?ﬁ’d’ar 8& gnE}EéBPH‘l Hhue b1 ERbJeR Font nPapbl tedarhe

adhesi on reinforci nstryct ed e filmmade of tantalum
(Ta). | ns?élgc?q; qlraest%%%%ﬁjbggxtlg aﬁﬁloy’t‘?’né’ 3 EEPEF Itsihprsr & Ayim20

B L oL

proj ection exposur e appar

protgcti V%nft'1|mf§§oiﬁﬁlgﬁt€i+madﬁds (}'osﬁn%ld'%é 0Ll 21 %Fﬁ‘?‘ﬁg glive

filmfor anti-dissolution m constructed as the BF595

silicon dia@d deof Sk 92hteknst eégystalugnrAO%seM@gﬁfmaR%%Nﬁg%%ﬁ fgu

protective filmfor the metal anti-dissolutio
constructeefastas fil mmade of at | east one of yttriumoxide (Y203) ,
neodym um fl uoride (Nd2F3) , chromi um oxide (Cr203) , tantalum

pent oxi de ( Ta20B%y theahioura peint oxtdep£dP208) on Ehdpytiua didxd 88t us
(Ti02), zirconiumdioxide (ZrQ2), hafnium

according to Embodlment 1, the metal film constructed as
10 the £ilm made of tantalum (Ta) is used as the metal
anti-dissolution film (the anti-dissolution film).
Iinstead, 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-dissclution film) constructed as the film made of
25 silicon dioxide (Si0:;). Instead, it is possible to apply

the protective film for the metal anti-dissolution film



5 dioxide (H 02), and | ant hanum oxi de (La203). In other words, it is
possible to select the protective filmfor the netal
anti-dissolution film Therefore, it is possible to select the npst
appropriate protective film for the netal anti-dissol uti omibirbidst he
protective film10 for the anti-dissolution filn based on the
material of the transm ssive optical elenment, the environment where
the transm ssiyve OE)'[I cal elenent is placed, the type of the liquid

i nt er posed Vet WednEHA S dr FALB Wfd?lféf it RREF OB T W& tpdaeekidn

opti cal sy( anwhile, in the projection

d
exposure appa g}af e ‘%ym%Hf“s JEWBBH ﬁemdﬂFi”)t' heREPTi BB % BRi e 20S) o)
fil t fil, |1 th t ect
fiim SFor tahe 28 5&%{#& ht St R P R P LR P
t fil f bl fil
be use of RO A re%&%agi o R At LR Lt Rt A
Mor epver, dtibs; et alnaaty ; d'a%%P'i’éﬁ@Hﬁfuhlnmo(x‘MHeCh Lg‘#ogsﬁ f”nfﬁt%gﬁﬁet

t he adhesion reinforcing fil and protective m f or

anti - di sselostdon {4 l1e %@sgﬁbﬁer red s@n ddie ttr?eo‘iﬁ%itéc':'EI@&ef‘Bimt ?8:
transm ssive optical element of this Enbodi nent 1. However, 1t

al so possithlee métaNl PEQ4-15Q0 s4@1H0L Bhontyihhe mphak cadtis, di %ol HE' on
film(the anti-dissolution filnm . Alternatively, it is al so

possi bl e possdjarateo thel adheshenmoeitnbeptiony ifd i androre c t hee net ah
anti-dissolution film In other words, it is
for the metal anti- dlssolutlon 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
thisEmbodiﬁent]d the silicon dioxide {Si0;) film serving
as the anti-dissoclution filmas 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-dissclution film (which
also functions as the adhesion reinforcing film}) and the
protective film for the metal anti-dissclution f£film are

25 formed on the tapered surface of the transmissive optical

element of this Embodiment 1. However, it is also possible



5 possible to formthe adhesion reinforcing filmand the netal
anti-dissolution filmseparately, or to formthe adhesion
reinforcing film the nmetal anti-dissolution film and the
protective filmfor the metal anti-dissolution film separ afehys 5050
Furthernore, in the projection exposure apparatus of this Enmbodi nent
1, the transmi ssive optical elenent 4 |ocated closest to the wafer W
is made of calciumfluoride, and the adhesion reinforcing film the
netal antP- dF€E8I ueindy fithe (Medadnt isndiissbliasd bt £ohn) fiamd 1Bhehe
protective filmfor the nmetal anti-dissolution film (the protective
filmfor BRéEIaAISTRELBLAORI ofifiMin) arfeltevrabiiveAyvtheitapesedalso
surface thereaf. Instead, it is also possible to formthe

transm ssPY& 5ot TdiC T te thecafbgsdossesinfpahin gaf Binvibgnuse

of fused silica, and 20.then to faormt af orenentioned filns, on the
t aper ed ghref gr%é: aJhearne%Jf.df\/EﬁR&Hitllé’,n iﬁ%tnhe dboetes e pder it is

enb%di ”engoststl%lép@&efggﬁl\’\@%% ta esﬂgrﬁcgegf f%gle;rjré\l\%f %Jffﬂga%\gfe@?e S

opti cal I'enent nmade of calciumTtiuoride an

25 si de ofokh Rl £C1 080BkECal AYSLCILL2:LELh6d Wil ey 1 gl o

Instead, it is possible to interpose the Ti1qui

partial | yabelwaem t heiaeehace Of r1 D8, vaher 20051 he euti g t
made of cal cium fl uorilde and fggrmad on the vvaf%r' %g%ﬁsicg'e So?ﬁ%ﬁggﬁl

proj ectiofiapt,i cabknsyst eMe Mpeeveki iald hoyghpur ecwat efnks Useds as
the liquid
anti-dissolution film separately.

10 Furthermore, in the projection exposure apparatus
of this Emboediment 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, itisalso
possible to form the fTransmissive coptical element 4
located closest to the wafer W by use of fused silica, and

20 then tec 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 liguigd



5 7 in the above-descri bed enbodinent, the liquid is not |imted
only to the pure water. It is also possible to use another materi al
(such as cedar oil) for the liquid 7, which allows transm ssion of
t he exposure |light beam and has a high refractive index a§ﬁ§§ﬁp5
possi bl e, and 10 renai ns stabl e agai nst the photoresist wt
the projection optical systemand the surface of the wafer are
coated. (Enbodi nent 2) A projection exposure apparatus is configured
as 15 si wdrdiiably hetwd eEriiodismentia e excebt whdér ambghesopttcal
fluoride (MgF2) filmis formed at the tip portion 4A of the optical
el ement 4°2lGMSHt SEsks oforddciam fheopdde and fomedtdmdgheheafequisd
7, as the single-layered .anti-dissolution filmby use of the vacuum
vapor 20 Sdéfodt i thenBERIGC A LR HCRY ENELSIO] ecti on exposure
apparatus of this Enbodi 2, the single-layered anti-dissolution
! Pachgion

[
filmis formed oR™ERESdur R Tt df* diensmd agnhej tiggid

t hereb ssi Dl o_prevent dissolution of the 25 optical el enent.
Furt e¥,pﬁt%f£f§8%5?§?§e{ eFé&U%EE h%mb?ﬁfgﬁp ce W€ dorfpatddl®onehe
mul til ayer .t .l T fore 73 Nl PFQ4-505 .t is possible to

i ni i 26 %&Hé(f\?ec} s‘%ﬁéff BRCtaEl PEDG ST T0 B ot 50 FRSELPbA A ch

I's apt t0.QeCum el theeLiquhd (il Ly ales, fnio fhe interface of
the protective layer serving aéSFhe éhtifﬁﬁgéd?h%%oﬁo¥iT%$ ﬁb?gbger,
It Is 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 (MgF;) film is formed at the tip portion 4A of

the optical element 4, or in other words, at the portion

contacting the 1liquid 7, as the single-layered

anti-dissclution film by use of +the vacuum vapor
20 deposition method.

According to the projection exposure apparatus of
this Embodiment 2, the single-lavered 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,



5 easier to formthe filmas conpared to formation of the
anti-dissolution filmincluding the multilayer film In addition, by
formng the single-layered anti-dissolution filmsuch that the
refractive index of the optical elenment beconmes equal to %Pbﬁ&’-‘@{%
than the 10 refractive index of the liquid in the case of "soakihg
the surface of the optical elenment into the liquid, it is possible
to obtain the sanme optical performance as that of the optical

el enent i Adl bdipgseheleulrihayénikiel an adEabedi eftcB)atdbrfdbutable
proj ection exposure apparatus is configured as simlar to Enbodi nent
1 except fRaf GHEkeahdAastien wEidicals apermenocdursvinadithicetligaid
shown in Fi % 6 and as  described below. (i) The magnesium fluoride
(MyF2) fi LR 55298 ndBtat thite ipexfpcporti sheap it adici vpt Legbr

el ement 4 on _the wafer Ta side,  or in other words, at the portion
wher e t he SEX00SH €2 Fi Gt aPddm Passesit hrBudh Meondtaramesk of ithés
singl e-l ayered nti-dissplution filmby use of the vacuum vapor
depgési ti oﬁ%ﬁe:‘t%rogﬁ.o I ?J‘erhéliﬁnﬁa &ﬁ%@?&)a? i 19 &F W3 hyoRsCEnghe

adhesi on q:i-n_f rel i E4.is for . 0N e taper.ed surface 4B 74
NI PFO4. 508" "of @hsgé%]?%%%%nmsgﬁ\}én op ?c%‘?lré enent ™ I,[ﬁ 3 ot et ™ wor ds,

by use of the seatt el g nethod Urhe BRGLbn HB i iy HHTRTEE i s
used for LRRHEOWEINGEADRESHANFBELMERRN 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 liguid, it is
possible to obtain the same optical performance as that
0f the optical element including the multilayer film.
{(Embodiment 3)
i5 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 (MgF.) film F1 is formed at the
20 tip porticn 4A of the optical element 4 on the wafer W 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 wvacuum vapor
deposition method.
25 (ii) The tantalum (Ta) fiim serving as the adhesion

reinforcing film F4 is formed on the tapered surface 4B



5 the tapered surface 4B of the transm ssive optical elenent 4 and
the netal anti-dissolution film(the anti-dissolution film F5 to be
described later. (iii) A nmetal filmmde of gold (Au) is fornmed in
the thickness of 150 nmon the surface of the adhesion 1%PF04-505
reinforcing filmF4 as the netal anti-dissolution film(the
anti-dissolution film F5 for preventing dissolution in the liquid 7
by use of the sputtering nethod. (iv) A silicon dioxide (SiQ2) film

i s formedodnthketsantades siofe dmt et hle bentén di $5@witinoa thieknvbi-he ,
anti-dissolution 15 fil rr% F5 as the protective filmF6 for the netal
anti - di ss@tuFPENPP ¥ EiPRt Heepeotbetéxeo sk m I byhtHee amnid e slinesopatison
film for protecting the netal anti-dissolution film(the

ant i - di ss&PFRIWH 7Y n) 5By Afs P of sSPREL§pinCematyg okt hdthe Hedeest ha
metal 20 ant.i -di ssol Utljsjﬁlp film (B&he anti-dissolution film F5 to be
formed on*thé tHperdd Surt 4éet 3BI01Y e LFRASHISS sdhegporchr tepenent

4 h | whil i [ t t bel 2 ppt. d Ki

denal ty. edi CebesrEB5E s 4tk a R S hRomina oropBirar expostre
t f t hi nmbod t 3, tal filmis f d h

Sgrp?;geusg]? th%ﬁjadhlegllqgn ?gl:eﬁgr Ci nagﬁ??'l'gn?tsgé’tlu’:t&ngfr}lnfne rgrﬁ tﬁgtE?E

NI PFO4- 50%nttia%,r§§0f1#1ﬁ§_ﬁﬁe 4B gf Etélety?QSH}e%%ir\{i%ee%dOH_actal el ement 4

on the wafer Wside o e projection optrcal "sys *Therefore,

it is posgiihlig t gttach ihe npial bif el Psehy) tQ the fdans sRive
optical elenment 4. Mreover, since
thickness of 150 nm on the surface of the adhesion
i0 reinforcing film F4 as the metal anti-dissolution film
(the anti-dissolution film) F5 for preventing dissolution
in the ligquid 7 by use of the sputtering method.
(iv) Asilicon dioxide (S10;) film is formed on the surface
of the metal anti-dissolution film (the anti-dissolution
15 film) ¥5 as the protective film F6 for the metal
anti-dissolution film (the protective film for the
anti-dissoluticn 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-disscolution 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 adhesicn reinforcing film that is formed on the



5 the silicon dioxide (Si02) filmis formed on the surface of the
metal film it is possible to prevent danmage on the soft netal film
havi ng | ow abrasi on resi stance and thereby to protect the netal

film Therefore, it is possible to prevent infiltration teypfgh.s
corrosion of the transm ssive 10 optical element 4 by the Iiquid Q?

i nt erposed between the surface of the wafer Wand the projection
optical system PL, and thereby to maintain the optical performnce
of the p%éﬁ’@éﬁ%ﬁ%ﬁﬁ%l‘f%m dhePILr avbgrebyei yei optscpassibhentt @
mai ntain the performance of the projection exposure 15 apparatus
because tR&8 Fgﬁné’ﬁif§§ Vesapte edl Thicepa ef tdows omt cal sspktemi BLt he
liquid 7. bn addition, it is not necessary to replace the

transm sst V& O & 11 dRene s 311 pekRier 3L T BRdRd, £idni clpoesibl e
to maint aitn hi %htrtahrough%ut of %he qro' ection exposure apparatus. 20
(Enbodi meit 47SA 70 GELT OhY BxPBEAFE asparans 4 5 SEHacirbd aance

simgar t I t cept 1 hat esjumfluoride (MF2) filns
are5fornegh§'rggfd%é%ﬁq}p déooﬁﬁ%% h%lgﬁ)dr?‘%s%%rego?ﬁ?‘ﬁa%% Hort$ohieERe
t aper ed t4 f .G el € t. 4, or .in other words,
at Iot he pgrgt%i %ﬁg)%%%gcﬁir}g' O{J%elsla#jﬁ)u%%dl ('ggc%t R& 35t giag?tﬂeuf’% he

[L1m. 7osDiEERRde 8051 ARIANAAG 11 bRERLALELLIRLSXRISULE APDALAL LS

of this Enbodi nent 4, the anti-dissol uti on ns are fFred  ©on
surface ofotpeosubst rafeen® 15106 i0fm  heraptd £8ke, e eMEOt, 80d; PRt PS

side surface of the optical elenent,
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 exXposure apparatus is configured as
similar to Embodiment 1 except that magnesium fluoride
(MgF;) 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 portiomns contacting

the liquid 7 as the anti-~dissolution films.



5 and it is thereby possible to prevent dissolution of the optical
el ement. Further, the anti-dissolution filnms are forned on the
surface on the substrate's side of the optical elenent and on the
side surface of the optical elenent by use of an identi CalN]{ﬁ‘}DE-%b?"
Accordingly, it 10 is possible to formthe anti-dissolution Tilfs at
the sane time, and thereby to formthe anti-dissolution filnms by a
sinpl e process. (Enbodi nent 5) A projection exposure apparatus is
configured as #5c§infing %®» Eavodradrcticexcentodhnt sbparatus of
transm ssive optical elenent 4 is nodified as described below. (i) A
silicon diUEMESEPTeRt| i she crmbl-di sehdutiipn Fordwisor ré4Afomniekie
wafer Wside of the transm ssive optical elenent 4, or in other
words, at YThetpdr PG Aferd” t hEe2G UBEdatie’ §i ghcebadn Pagseptical

t hr ough, first film e, of the ttering nethod which is a
dry :‘J?I m %?re%aen%t Sarl’r%(fllh%ﬂ. Q%F:J)Ss lﬂﬁotsl’f&rfasqs‘?p?%nt%‘? g?(H’H%CEQ ERPIENtm i s
formed on fs f.t i ilmas_a_second filmRby spin
coa’??ng f%dm%%ﬁ%?ih%rﬁe fé#%#%iﬁi ﬁ]% PeEh3a! %?‘FF))l’liljféot“aﬁgr &ge

surface 4Bqf; 44 tirans ?Si%%éj:cat!he ZKtNI—Fc)f:iOﬁA'sl'ogﬁ%Stchg%e B g’ﬁ&?r

in other words, the portion efe the ‘exposure
pass throu@irien pehi shed withaca #3000narind, stone,  for, .exanple, to
i ncrease surface roughness ang t he surgace area‘{f%ereo . On %h%he
tapered 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.
(1} A silicon dioxide ({(81i0;} 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 (8i0;) 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

-1
-



5 surface 4B subjected to the surface treatnent of polishing wth
the grind stone, a silicon dioxide (Si02) filmis forned as an
anti-dissolution oxide filmby spin coating which is the wet film
form ng nethod. According to the projection exposure appar afisgpLfps 10
this Enbodinment 5, the silicon dioxide (Si02) filmis formed at the
tip portion on the wafer Wside of the transm ssive optical elenent,
which is the ortign of the projection optical systemthat is

| ocat ed cFoSEEF % 0%t h@T waPercthRT t WO TS st thRl MdyNt ek oherdwe the
sputtering nethad .15 Q@gnmhile, the silicon dioxide (Si02) filmis
formed on *FRE Wit 288 TP SERePEFsROF N3 s R Hedsnriof i Bhelyws phn
coating. Th e, L1 ;s .possible to attach the first filmclosely
to the trgngﬁgggfvgr%%gi€%°Q3%a Rt AEGEForS: caf crafC@ARs | Hher T ang

t hereb iRl il h first film as_the adhesion
Y PRSREeIP M UT HHEr Rl e Hi1 o ESerte eFagel y

reinforcing l'ayer to attac ransm ssi v

to tshe segordafdd ok sﬁ\rﬁ@ev@a,t& he,Se0Q c%;ljcg}e%%m%%rtngg bcyjtllygg%ﬁia .

the wet filmformng hod characteri ze onogerie

high fillivagnhperdforgmnes ebakl,ve 10 VOLgs. aidRiHer@f a8, 4414S;is
possible to prevent infiltration to and corrosion of t%e transm sSive

optical efemerd by theant8-NiRsA bObonldabE F NiRrPESHL Detyeemhe
surface of the wafer and the projection optical system by

el i m nati Agiche ivoildse aset fionsd&guenasy afiefiepgt rati on of the second
filminto the voids on the first film In this way, it is possible
to According to the projection exposure apparatus of

10 this Embodiment 5, the silicon dioxide (51i0;) 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 (Si0,) film iz 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 fo and

corrosion of the transmissive cptical element by the



5 maintain the optical performance of the projection optical system
Mor eover, since both of the first filmand the second filmare the
silicon dioxide (Si02) filnms, bonding power between the first film
formed by the sputtering nethod and the second film formaciﬁl?ﬁoﬁg)qn
coating is 10 strengthened, and it is thereby possible to attac 5he
both filnms nore firmy. As a result, it is possible to avoid
separation of the first filmand the second filmfromthe

transm ssitvigitisl iledle i aneh o ente ¢ o tdhsd rdiassob it tloa waffet B&d the
transm ssive optical element in the liquid. In this 15 way, it is
possi bl e ©&IHETREPH PREIpALT sVvdede hof slHeninxpbsar ehappaidsusas kn
addition, it is not necessary to replace the transm ssive optical

el ement f FEGRSHTYSRCe TRér BRGRETaE19% pbsEhBl 6ecendhifitlal nimighthe

t hr oughputv af theﬁiﬁpg@ur €. & ratus. 20 Moreover, the tapered
surface of %t 9 i Poal - EhbhtWakhi th 18 Pesaikde to

o ORS00 e n oot aal oysiem s ol e
h f th f. the t d 25 f t
(Cuness L35, 008, NESSEL pAR 15 dpered 20 apilase. b

ti-di ssqlayd iydg by ; $Ri-R £Qat.LNG. NI PFO4. 903 . Since
he ant 1~ aSSol Ut o G3 e i T ALrS Foraed By dSa%Bl TTR8ucioFRIRg

formng nphed charmetariczed byrBigki1hormasnel t ¥yand 2 figh L1} ing
performance relative to voids, it is possible to prevent
infiltratmetHod adfld 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 cf the first film and the second film from the
transmissive optical element and to avoid dissoluticn of
the transmissive optical element in the liguid. 1In this
15 way, 1t is possible to maintain the performance of the
eXposure apparatus. In addition, it is not necessary to
replace the transmissive optical element freguently.
Therefore, it is possible to maintain high throughput of
the exposure apparatus.
20 Morecver, 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 dicxide (8iQ;) film is

formed as an anti-dissolution oxide film by spin coating.



5 corrosi
t hereby t

optical system As a result, it is possible to avoid dissolution of
the transmi ssive optical elenment inthe liquid. In this WQ&PFP&66§
atus.” |

possi bl e
addi ti on,
el ement f

on of the transm ssive optical elenent by the I|iquid, and
o maintain the optical performance of the projection

to 10 maintain the performance of the exposure appar
it is not necessary to replace the transm ssive optical
requently. Therefore, it is possible to maintain high

t hr oughputS B¢ ¢ H& ®pdsindl apphvat as. oxéde, fihmt he frojedtiwhise of

exposur e
(Si02) fi

t he transE;ssive opti cal el ement

portion
film by
di oxi de (

apparatus of this 15 Enbodiment 5, the silicon dioxide
TS s oor mefd Lt fidvening peethod 4¢hanacheriaker Wysi He gof
: 4, or in other words, at the
CIRPRlEXpBEdr & 1Nt behhipdspes fomraungte meslahbvei ket
e of thﬁ]dr fiInLL§ br eove :
g’isadé?sﬂrill ilsngPﬁﬁd ¢ tHe BarFEdd ofnfiherptison f49 npad

the second i gy pyousg ofyLhe vet. (il fonmag rethed, | nstead, i

is possibleto

orm the ~“Srlicon gepfe by the

anti - di ssalj ﬂfﬁh(%ﬂgethéiéﬂgantH?ih%%jﬁPQﬁ%?” 4A on the wafer's

side of t

he 25 transm ssive Optical €l ement

film for mmngeuet Bods ot i SoAsea1t R didh pordlon 4a.0f fhe, 80

NIl PFO4- 505 transm ssive optical elenment

sur f ace

per formance of the projection optical

adhesi on

10

15

25

s subj ec

(AR TERTé oD albe eyt 8Rb 1RAL diP odeghader L her 9PLE 6al ot ;
ataseent t he thansmigsive o i€@ls 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.
Here, in the projection exposure apparatus of this
Embodiment 5, the silicon dioxide (510;) film is formed
at the tipportion 4R on the wafer Wside 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
silicon dioxide (Si0;) film is formed on the surface of
the first film as the second film by use of the wet film
forming methed. Instead, it is possible to form the
silicon dioxide {SiQ;) £ilm as the anti~dissolution oxide
film‘at the tip portion 4A on the wafer’s side of the
transmissive optical element 4 by use of only the wet film

forming method. In this case, the tip portion 4A of the

80
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system PL in order 't eﬁﬁ%%ce

n

rm ng nethod. Moreover, the 20 silicon



5 element 4 and the anti-dissolution oxide film Specifically, the
surface of the tip portion 4A is polished wth a #2000 grind stone,
for exanple, so as to increase the surface roughness and the surface
area of the tip portion 4A 10 Mreover, in the projecti ONTENOSHS €
apparatus of this Enbodinent 5, the silicon dioxide (Si02) filmis
formed on the tapered surface 4B of the transm ssive optical elenent
4, or in other words, the portion where the exposure |ight beam does
not pass CAPOFIH,S K¢ R@ UiF aheiledagsiotut 5 ke efeed itlont hbyswsEa ok
only the met hod. However it is possible to formthe

t film, formn
silicon gi%@ﬁt&berttsi 82’) Fgﬁm SECeRE MGt U9 | Arenadiee thperawitsoaiace
4B by use fi form ng method and then to form the
silioon dPg%ft&re}%(a%{%%)"%irqbrﬁ PETRE CECB R T F il onY FREM2BL SR faEGE Bl
the first fil e filmformn net hod. . (Enbodi pent 6
A proj ect it%n %(%%ggge ag{)hp%ér]g?%f%iesewceoen i E?Fe%%%ns%fﬁFF P tptical )

bl ere 1 en@Ie! 4aPRlAd N0 chBE LAPEILISEYS edR 0P LR S AP 4

descri bed bel ow. Specifically, is aview's 8

NI PFO4. 508 p e@anfil QU B} | Q'?leo;f;uﬁﬁa%%téf%!hee}fgﬁignre’ynf&g 4&”15{13}308@ JEDy 6

of the present invention. Here, an optica I nc €s anh

optical swhshratg2b0d ardnd BHdd ay&lr fdddRp100. sIhes ot 168l e ase
substrate 101 i snmade of cal cium fl uori de.

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 (8i0,) 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 formthe silicon
dioxide (Si0O;) film as the first £filmon the tapered surface
4B by use of the dry film forming method and then to form
the silicon dioxide (Si0;) 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 1ls configured as
similar to Embodiment 1 except applying the transmissive

25 optical element 4 described below.

Specifically, Fig. 7 1is a view showing a

81



5 Meanwhile, the nmultilayer film 100 has a four-layered structure

i ncludi ng | anthanum fluoride (hereinafter expressed as LaF3) as a
first layer 102, nmagnesium fluoride (hereinafter expressed as MJF2)
as a second | ayer 103, alum num oxi de (hereinafter expres%g,@?ﬁ%
A1203) as a third 10 layer 104, and a silicon oxide (hereina F '
expressed as Si02) as a fourth layer 105 lamnated in this order
from the optical substrate 101 side. An imersion liquid 108 is
wat er and P¥UbEEFatéon0? i snspbticnlcedbadnt tisea iphBhbbaShsnt k5
Solubility of the fourth layer (Si02) 105 or the third |Iayer (A1203)
104 in wat®r FRE eacseihel PHRBL o t Herea apaswtingl nslemornt 1
equal to 1 . O x 10-7 grans per hundred grams of water. Therefore,
the fourtHFSyRGIeE SEB2PPEdSalashsteate ri0] aged ¢ A12DB) 1aQ4rare 1n
substanceﬁj} at .are 20 .insoluble in water. Accordingly, the filns
nmade of these PEFCES havessiprict 8L ivempdRf 65 ledaimEl upatde..

Here; the por_.deposjtion nethod is ed as the filmformng
ot od, 1 Agaritl 1e) ngthéed,mhjoéxkg@??rt &gtdlm et.h g?r’ﬁ for R W~ HBYREEY s
not limt t hi . . It is possible to,apply various
sputteri ngdcrrxg{%%%ég igfﬁ\él%gg}ng ssilsflt%gC ar?e%ri"loat&uoa Jdg?on“b%)‘g‘#ﬂafter

met hods { at cans < 82 MLBEQS-05 = producs, dense SRLystUnes -Refragive

i ndices and optical filmt nesses ased on ‘a désigne 0

wavel engt hhbr&fnd heeti b rd AVl é&aﬁék%92astge§%%6H&’i£¥§£ QBQEZ)
103, the third
aluminum oxide (hereinafter expressed as Al:03) as a third
10 layer 104, and a silicon oxide (hereinafter expressed as
8i0z) 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
rhotoresist.
15 Solubility of the fourth laver (5810:) 105 or the third
layer (Al,03} 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 laver ($i0,) 105
and the third layer (Al,;03) 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 possiblie to apply various sputtering methods, ion

beam assisted methods, and ion plating methods that can
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5 layer (A1203) 104, and the fourth layer (Si02) 105 are shown in
Table 1. (Table 1) Substance Refractive Optical film index thickness
| mersion water 1.44 - liquid Fourth layer SiQ2 1.55 0. 122, Third

| ayer A12Q3 1.85 0.54. Second | ayer MgF2 1.43 0. 66. Firsgﬂkgﬁgﬁw
LaF3 1.69 0. 60k Optical calcium1.50 - substrate fluoride shown
in Table 1, it is apparent that the refractive indices of the first

| ayer 102 and_the third 10 |layer 104 being odd-nunbered | ayers are
hi gher t h&FAHES efPRELT FELUSHIHERS of the cal cium fluoride substrate
101, the second layer 103, and the fourth |ayer 105 which are

adj acent t her et B XB¢ iR ngPEAEaful eRfaydrt G4 n £00m nthihknesdes
shown in Table 1 on the optical substrate 101, 15 the nultilayer film
100 has aR24ftd -1 felfPINTMthdsinant Hawwedleas 88 NIFFOZh 6061 rEig.

8 i | | af i bet flectivit d it
angre i n ene of TR b1 ChhS" SRR ERT | 1 Ebtloch Rt LB oFht e

Dot | e QR1LB.) B4R ol LRE FAYELRNUNL 05182 Vs B2 oun

in Table 1.
(Table 1)

Substance Refractive Optical film

index thickness

Immersion water 1.44 -
liquid
Fourth lavyer Si0; 1.55 0.12A
Third layer Al;0s 1.85 0.54A
Second laver MgF, 1.43 G.66A
First lavyer LaF; 1.69 Q.60A
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,
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5 wavel ength of 193 nm) excimer laser is applied hereto. As it is
apparent fromFig. 8, nean reflectance Ra between S polarization Rs
and P polarization Rp relative to incident light 20 is approxi mately
equal to or below 0.3% even when the exit angle 8 is equalnigg4Qos
degrees or 10 approxi mately equal to or bel ow 0.5% even when the exit
angle 0 is equal to 50 degrees. Therefore, the optical elenent

exhi bits excellent characteristic and is usable enough. (Enbodi nent
7) 15 A prol ect Fo - exﬁosh?e FppErEtius shovdand | gur e¢lag iogi nblkdmwetem
Enbodi ment cegt %E)(pl ying the transm ssive optical elenent 4
descri bed rbE‘E"?Jo t VQ; 9‘3‘ln§1 é‘%%’é\%%héﬁ/ﬁﬁ@ arcdgigrirati bheobptheal
opti cal elee_L pPIE seg i \éeg iQn, Here, the 20 optical

el ement 1 Fhe ?ﬁg o%t BRP LWLy 4t 8T 1612 aRUSERB EriiRvERgjOn il m

2t hams “%%%%?%? B IO G Rt G TSR R
| 102,45 d h
ayeg WE@E@&H%% uos s éQSEﬁb%ai%]%éref(gaa%spe C@Sg&c}e dagét e

25 second | ayer 3 an al um’ num oxi erern

A1203) as itthei d higdatayer r104 Ifqr(g nat ed 4% 184fi\gggg goga fhis arder

on the optical substrate 101I. The i mrersion IC]UI a1 wat &F “&nd
the substratpol@fiizntsidd caB cosbed MbiAr4ha tRRG! OrgSi Sl RefL aglive

i ndices and optical filmthicknesses
incident light 20 is approximately equal to or below 0.3%
even when the exit angle 6 is equal to 40 degrees or
10 approximately equal to or below 0.5% even when the exit
angle 6 is equal to 50 degrees. Therefore, the optical
element exhibits excellent characteristic and is usable
enough.
(Embodiment 7)
ib A projection exposure apparatus is configured as
similar to Embodiment 1 except applying the transmissive
cptical element 4 described below.
Fig. 9 1is a view showing a configuration of the
cptical element 1 of the present invention. Here, the
20 optical element 1 includes the optical substrate 101 and
the multilayer film 100. The multilaver film 100 has a
three-layered structure including lanthanum flucride
(hereinafter expressed as LaF3) as the first layer 102,
magnesium fluoride (hereinafter expressed as MgF,) as the
25 second layer 103, and aluminum oxide (hereinafter

expressed as Al:0z:) as the third layer 104 laminated in
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5 based on the designed dom nant wavel ength % of the first |[|ayer
(LaF3) 102, the second |layer (MgF2) 103, and the third |ayer (A1203)
104 are shown in Table 2. (Table 2) Substance Refractive optical film
i ndex thickness Imersion water 1.44 - liquid Third layer ®2e8 4585
0.54X Second |ayer MgF2 1.43 0.66, First |ayer LaF3 1.69 0. 60X.
Optical calcium1.50 - substrate fluoride As shown in Table 2, it is
appar ent t at the, 10 refractive index of LaF3 of the first Iayer 102
i s higher hﬁnofﬁsrrSPré&ﬁ\RP?%ﬁﬁ%e%u%$tfﬁ§eoé@10alTb@bsmmamﬁlr@i
and MgF2 of  the ;ﬁﬁg | ayer g which are adjacent thereto. By
arr angi ng Tjh% +g VB fdi TeS e JESSHIFEF aBdves sitlHecanlcoiaitayger
film 100 h n reflection function 15 as a whole. Fig. 10 is
a graph s%\llltrllg@hg %F)attloornesoe?g\een reflectivity and an exit angle in
ternms of the optical | RE liement . used j.n Enpodi nent 7 of
the present inventi oanc?%fglt é’PQnéch > gd v%tfjé%%? "dfq“igggﬁ RS A F
(having the, sygvel h Ci |.aser ppl i her et o.

285 o g endgne AR ARy The'TiTR

As it is apparent € nean
layer (LaF3)1O2 the second layer (MgF;) 103, and the third

layer (Al,03) 104 are shown in Table 2.

(Table 2)

Substance Refractive Optical film

index thickness

Immersion water 1.44 -
liguid
Third layer Al,05 1.85 0.54A\
Second layer MgFs 1.43 0.66M\
First laver LaFs 1.69 0.60A
Optical calcium 1.50 -
substrate fluoride

As shown in Table 2, it is apparent that the
10 refractive index of LaFs; of the first layer 102 is higher
than the refractive indices of the optical substrate 101
and MgF, of the second layer 103 which are adjacent thereto.
By arranging the refractive indices as described above,
the muliilayer film 100 has the anti-reflection function
15 as a whole.
Fig. 10 1is a graph showing a relation between

reflectivity and an exit angle in terms of the optical
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5 between the S polarization Rs and the P polarization Rp relative
to the incident light 20 is approximtely 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 equahﬁﬁﬁnggo5
degrees. Therefore, 10 the optical elenent exhibits excelle '
characteristic and is usable enough. (Enbodinment 8) A projection
exposure apparatus is configured as simlar to Enbodi nent 1 except
appl yi ng t@eemennsuisdi ¥8 Exbodptiesal 7ebénehte Ardesert heddeliw iF 9.
11 is a view showing a configuration of the optical elenent 1 of the
present inv@ffonl %@ﬁewmﬂﬁiemgﬁhCQI kpenment 1Thachudeshthe neptdireal
substrate 101 and the_multilayer film 100. The nultilayer film 100
has a 20 t¥RYELGBFER QF rRd B ERELBGiIngabant harmunfiedhiedeto. As
(hereinafter expressed as LaF3) as the first layer 102 and nagnesium

fluoride (herdPndfARAT2%pr &4880 BSIMGED) ashe heeageddl ¢ayenceoRa
whi tially_l am.nat.ed t i cal bstrate 101. Th
b, on TranEat1Bheys BERET e Ofkr fe Hdsthn: & BobarszatiovoRd
ted wit ; h i . Nl PFQ4-5 ., Ref ti i ndi d
oot cal ti1sa Tht EEnER LS B B8 Y TEe LR ] L e HoRE R T oadel Brpen A
of the Tirsd of ayeiohlal3rlQeand,ddie second; {aygr  (MIF2) 193 are,

o
shown in Table 3.
40 degrees or approximately egqual 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 helow.

Fig. 11 is a view showing a configuration of the
cptical element 1 of the present invention. Here, the
optical element 1 includes the optical substrate 101 and
the multilayer film 100. The multilaver film 100 has a

20 two-lavered structure including lanthanum fluoride
(hereinafier expressed as LaFs3) as the first layer 102 and
magnesium £lucride (hereinafter exXpressed as MgF:} as the

second layer 103, which are seguentially laminated on the

optical substrate 101. The immersion ligquid 108 is water
25 and the subkstrate 107 is silicon coated with the
photoresist.
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5 (Tabl e 3) Substance Refractive Optical film index thickness

| mrersion water 1.44 - liquid Second |ayer MgF2 1.43 0.60A, First

| ayer LaF3 1.69 0.55X Optical calcium1l.50 - substrate fluoride As
shown in Table 3, it is apparent that the refractive indexfolbs
first layer 102 is higher than the refractive indices of the optical
substrate 101 and MgF2 of the second | ayer 103 which are adjacent
thereto. By 10 arLan%ing the refractive indices as shown in Table 3,
the multilayerRFFERCIIT hasneié ednt aodefiriciGah fddot i Uniakneases
whole. Fig. 12 is a _graph showing a relation between reflectivity
and an ex%@ﬁfﬁbﬂ@i§?q rPrednecpprpbsl wayslehamdntt afethenfirst
Enbodi nent t 8 nt_jnvyention in.terns of the wavel ength of
193 nm T%éal%&(r)"{: ((L%gF\f’anlg e elseer?é’ﬁf{]d‘fayﬁ?) MR 2dx PreprPagBpvhs
applied heretAs it is apparent fromFig. 12, the mean reflectance
Ra 87 NI PF04-505 etween the S polarization Rs and the P

pol &y izati@@ R Felative to the incident |ight 20 is approximately

equal to or bhelow Q 3%when the exit angle 8 is equal to 40 degrees
or approximtely equal t©,05+Rhgkew 28 eygruhen the gdit o1 fi1py
index thickness
Immersion water 1.44 -
liquid
Second layer MgF. 1.43 0.60%
First layer LaFi 1.69 0.553
Optical calcium 1.50 -
substrate fluoxride

As shown 1in 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 MgF,
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 heretos. As

it is apparent from Fig. 12, the mean reflectance Ra
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5 angle 0 is equal to 50 degrees. Therefore, the optical elenent is
usabl e enough. Since the second |ayer (MgF2) 103 has sone solubility
in water (2 x 10-4 grans per hundred grans of water according to
literature data) and therefore dissolves in water when 10 %O%fgﬁ% a
| ong period of time. However, Enbodinment 8 of the present ‘inve n
applies water (the refractive index= 1.44) and therefore has an
advantage of relatively small variation in the optical performnce
even when hdiegwegncohd Baped g idO3Rs sartiuted. P 1poFagi zb3 iich &
graph showing a relation between reflectivity and an exit angle 6) of
the opticalekdeneattorehativeidenthéishf elavsnapphexiaueleangteluefl
193 nm excinmer |aser 10 when the filmthickness of the second
| ayer (MgEY Cfomelsvw it adrey thel €210.8%91 A8 i3 ciguad0tappadentr efersom
Fig. 13, the nean reflectance Ra between the S polarization Rs and
the P pol &t ZHR0r Bpatelat P@ alo L BE PRLedt BVGR WRGIC fdysgex iver y
Iittge. Thege{ oréz,.the ogti cal 0eI nent i s usabl e_enough.

¢ s B &% &%

Accof di ngl§ 91 15 h5EEPDI &% THee Dpt i et ef @Rent ChppPEkilsalel v

{or 10 25 yemigy by, Louman d he Mg {1 m 103 in the Ui ckicos of

102 and the second Tayar (VGR3) Tose i TS aPL8 Far bl a1 BPuca s

four-1 ayeriri‘s{ﬂf%t&%tl’“'ffq W*‘&Lﬁﬁgrpéi Ih'ﬁ‘ndred 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 (MgFz} 103 is eluted.

15 Fig. 13 is a graph showing a relation between
reflectivity and an exit angle © of the optical element
relative to the Ar¥ (having the wavelength of 193 nm)
excimer laser 10 when the film thickness of the second
layer (MgFp;) 103 is reduced by half (0.3A). 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 1little. Therefore, the
optical element is usable enough. Accordingly, it is
possible to use the optical element approximately for 10

25 years by forming the MgF, £film 103 in the thickness of about

40 nm.
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5 fornmed by alternately lamnating the first layer (LaF3) 102 and

the second layer (MyF2) 103. (Embodinent 9) A projection exposure

apparatus is configured as simlar to Enbodi nent 1 except applying

the transmi ssive 10 optical elenent 4 described bel ow. Fi gurkds-565 a

view showi ng a configuration of the optical elenment 1 of the present

invention. This optical elenment 1 is fornmed by |am nating the

mul tilayer fil %%%fé’(? t he, cal CI um fluoride substrate 101. This

mul tilayer 15 f as® 19t woltaydfed daSSUctRR@ i R¥I UHFA§IMyKReas
2 and 103, which _are

tsgguel;lltlr;h yfﬁng?edw]n‘?%ggygﬁt%&ifﬁsgﬁﬁgﬂ’r‘%ﬁégi@i therfd Gsidrgiesn
l'iquid 1081 5p) ‘(’;’atﬁdz apdqt Q%es@ééél?%el%g '(ﬁ/@ﬁlzr)l ’Icg?%(rad W lih the

photore5|st Here, refractive indice

102 and t hayseoond {aygLe( S %)Jrlq_% e@cgtoiq} {“Jﬂmti%%kne S s as

wel |l as filmthickness ranges of the respec Tve: ayers
basesl on theresigpesh r dorbranty \&Ba\é@lr%'tgmg‘yiﬂéef?h}g‘ﬁ’nlg‘?ﬂe‘}w(Lgafgf’gl

NI PPO4. 605 (Table 4) Substance Refractive Optica il m-inde
t hi ckness 1t ekdesher 88gend M@y &+ opuyal eri14344 liquid
(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
156 film 100 has a two-layered structure including MgF, as the
first layer 102 and 5i0; 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 layver (MgF;)
102 and the second layer (Si0:) 103, and optical film
thicknesses as well as film thickness ranges of the

respective layers 102 and 103 based on the designed

dominant wavelength A are shown below.
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Second Si2 1.55 2.507 1.50 layer 4.007 First MgF2 1.43 0.107 0.03

| ayer 0.107 Optical calcium 1.50 substrate fluoride Here, the vacuum
vapor deposition nethod is used as the filmformng nethod. It is to
be noted, however, that the filmformng nmethod is not |if’ﬂ11f1:‘1‘~‘é4.ﬁ6%y
to this nethod. 5 It is possible to apply various sputtering nethods,
ion beam assisted nethods, and ion plating nmethods that can produce
dense structures. Fig. 15 is a graph showing a relation between
refl'ectiviﬁﬂ%‘%l ah exit angle in terns of the optical 10 elenent 1
of this Hmbodi ment 9 relative tp_ttre~ArF (hpving—the—wavet-ength—of
193 nn) exci mer | asef SURStARCEs| Rpprpehtl vef y ofPRilgall5| t heFikan
refl ectance between the S polarization and the P pol anization
relative{to the incjdent |ight| 20 4%3%pproxi nefely equathicksressel bw
0.6% 15 gven when thie exit angle 0 is equal tgbi40 degrees or 90

NI PFO4- 505 _approxi natel y equal| to or bel ow I9&EFEESHhen t BEN&H t
angle O0fig, Lo 60, ees. Therefore,j the opticalf elenent
exhi bi t's |excel 1 ent char Act&fi stjc and i's usabl e enough)] As shown in
Tabl e 4, |iti 4.1 @pparient that the 5 refractjve index of the first

| ayer (ME2)-102 is Jower thanl the refractjve indices|of the optical

substrat & slilong Si0; 1.55 2.50) 1.50 ~
lavyer 4.00M
First Mg¥F, 1.43 0.10A 0.03 ~
layer 0.10A
Optical calcium 1.50

substrate fluoride

Here, the vacuum vapor depositicn method is used as
the £ilm forming method. It is to be ﬁoted, 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 icn 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 betwesen the §
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 6 is equal to 40 degrees or
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and the second layer (Si2) 103 which are adjacent thereto. By
arranging the refractive indices as descri bed above, the nultilayer
film 100 has the anti-reflection function 10 as a whole. (Enbodi nent
10) A projection exposure apparatus is configured as sim l@brbRsos
Enbodi ment 1 except applying the transm ssive optical elenent 4
described below. 15 Fig. 16 is a view showing a configuration of the
optical elenent 1 of the present invention. This optical elenent 1
i s fornedappiammhatehy edeainlia prayelowil fred@d whant tiee cadidi amgle
fluoride substrate 101. This nultilayer film 100 includes MyF2 as
the first 9 djePat62 BRI GidpIase20 theeseéone /| speronddcalbeéoment
this second . layer 103 jncludes two separate |ayers. Specifically, a
separ at e eﬁqgltf%y%}fc‘i%gﬁnfzoﬁ‘é&a&ﬁ%ﬁct% gty ¥PRleorAPHGD .

met hod and a segarate second Ia%);r., 03b,formed by use of _the wet
filmform ng method AP setftied@ g y Wrant hatb¥. 2¥Pemen | midad ofihe

149100 15 8L o S LICSUOR 0T L3Sl Lagen 709 WD,
aver (WELAGh: SR LR LA L dEiomelbed e dengiet
i hi chpeos Fanmeeor ther aohect Pve T ayers 109 Ay So- FoFERe-
based on tke desigfelly the refractive indices as described above,
the multilayer film 100 has the anti-reflection function
10 as a whole.
(Embodiment 10)

A projection ex@osure 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 MgF; as the first layer 102 and $Si0: 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 fiim forming methed are sequentially laminated.

25 The immersion liguid 108 is water and the substrate 107

is silicon coated with the photoresist.
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dom nant wavel ength X are shown bel ow. 92 NI PF04-505 (Table 5)
Substance Refractive Optical Film index filmthickness thickness
range Imrersion water 1.44 liquid Second SiQ film 1.55 0.40X
0.40?, layer fornmed by (constant) (separate wet second negfreds-505

| ayer) Second SiQ2 film1.55 2.10X 1.15 3.601 |ayer forned by
(separate dry first nmethod |ayer) First MgF2 1.43 0.10T, O0.03-

0.10, layer Optical calcium1.50 substrate fluoride Here, the first
| ayer 102 and tﬁ§r§ép£ﬁﬁ§99?¥§? ingyepsiodathee flasted e ms@IaF: )t he

vacuum va depositio t ho s to be noted, however, that the
filmfor mplg{:]z 5 #e@%o%dlﬁ% ﬁ%{mﬁgn{oye&hmdﬂ FeHied nefhbhe peppgate
possible 4G 4Pl yy L hepsgvahl §uborplng FELASds ) neludiag various
of the separate second layer 103b, and optical film
b 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.
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sputtering methods, ion beam assi sted nethods, and ion 93 N PF04-505
plating nethods. It is known that a structure of a thin filmvaries
inthis dry filmform ng nethod depending on conditions including a
substrate heating tenperature, a filmb5 deposition rate, anggy 505
like. In the case of a structure having insufficient density, there
is an increasing risk of penetration of water into the filmwhich
may reach the calciumfluoride substrate 101. Since calciumfluoride
di ssol ves (TR eP! there is an i ncreasing risk of aloss 10 of the
desi red dgptical perfprmance attyibutabte—t Hrersten-Aa—water—Ha
general , |it is known ¥Wastanse Refrﬁﬁtﬁ@ﬁJedOpylbhé vacuurgivapor
depositign nethod at| a | ow substrate heatijng tenperature all ows
penetratijon of water| or water \vapd™ders |n thikiBase, | bphpedviedisng
the Si02|layer formed by the wet f|In1form1ng met hod as the separate
second | ayer 103b the Si 2 | ayer forned bytRhEXREEst | | m Fargieng
ayerf forned by [he dry fitm

nmet hod enters in v0|ds on the S

f or i ng rmﬁqP%FS%P% t he"9bF s afr e tge?éby glinmnated. |n 20 this way,
it is poss 2% fo prievent infiltration to gnd corrosipn of the
optical ele ﬁ% 1 by the given jimersion |ljiquid 108 interposed
bet ween tihe surgace of,; thezsupstrate 107 and {he projection optica
system PL, and thereby {6 “naintain fge optlcab‘g Rfornancg'ép
projectign Qpidcal 25rsystempbl. As a resuljt; when this &§§ﬂ§¥%nt)
element 1 is

(separate wet

second method

laver)

Second $i0z film 1.55 2.10X 1.15~ 3.60M0

laver formed by

{separate dry

first method

layer)

First MgF, 1.43 0.10A 0.03 ~0.10A

layer

Optical calecium 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

) method is not limited only to this method. It is pessible
to apply other dry film forming methods including various

sputtering metheds, ion beam assisted methods, and ion
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applied to the projection exposure apparatus of the liquid 94

NI PFO4-505 inmmersion type, it is possible to avoid detachnent of the
multilayer film 100 of the present invention fromthe cal cium
fluoride substrate 101 and to avoid dissolution of the optNgaHo4-505
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 t epl ace the optical elenment 1 frequently.
Therefore,pf? 1e é8§%QAé¥to mai ntai n hi gh throughput of the

proj ection expgsur.e ratus. 10 The S/ 02 layer fornmed by the wet
filmformng nmethod,” %ﬁﬁﬁﬁh géﬁ%e% 5T PREYEEparate tEdBomd MayEr ikaaD,

.t L CRELTSORLTR YR, SUMERL GOl R 2Bl

a sol-gel silica solution is use

cal cium fl upridegigubstraterlQl Jis, W th the 15 sol ution while
bei ng rot at ed atlagrotating spég%ai%ﬁ%ggﬁﬁge t%?%ﬁffBBﬁefo F000 1™

revobut i onsepesifiBut eatdheahdl ¥R e ihixgkness, %Bebéaﬁg h P‘éegt?%ctt!&ere
coating process depends on conditions including the concentration of

the SiQ2 avihyomstbeivokatd Aensnasd ohdhe iGalei yatlouanigde 2Q,
substrate 101 in the spin coating process, tenperature, humTddity,
and the |ide.peoeiorathghyo fhyapeepaitaotiod £ analwHiGamb @ ch the

concerning the filmthickness in advance based on the concentration

as a paramsakeeiuvint flgopisis blubstwniobtBdh. a Stost s edaf &k ot i ckress

afterwards. 25 Here, the filmthickness of the Si02 |ayer fornmed by
dissclves 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 S5i0,
film formed by the vacuum vapor deposition method at a low
substrate heating temperature allows penetration of water
or water wvapor.

15 In this case, by providing the 5i0; layer formed by
the wet film forming method as the separate second layer
103b, the 510, layer formed by the wet film forming method
enters into voids on the $i0; layer formed by the dry film
forming methed, and the voids are thereby eliminated. In

20 this way, it is possible to prevent infiltration to and
corrosicon of the optical element 1 by the given immersion
liquid 108 interposed between the sufface cf 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



the wet filmformng nethod serving as the separate second 95

NI PFO4-505 |ayer 103b is set to 0.40X (50 nn). However, the fiIm
thickness is not |imted only to this value. Nevert hel ess,

necessary to pay attention to occurrence of cracks attribqﬁﬁﬁbgﬁbg
menbrane stress when coating in a large 5 filmthickness su

1.2?. (150 nm) or above. Moreover, after coating the Si02 |ayer
formed by the wet filmformng nethod serving as the separate second
| ayer 103blmagrsianebyirg protessossilpeefos nec id ddte dinedt JdHQG or
2 hours as a post treatnment. This process is intended to 10

evapor at e R EbhoR Y@ dh im 40fniod ddieepresknthe rSideRtisol Bkban,cmand
to sinter the Si02 |ayer itself formed b the wet filmformng

met hod. FiGfl 27 Pstaugrape mtrrga%eﬂeﬁtm@ bet swehd deébkednitvicry
and an exit le in tecrns_of the optical _15 elenent 1 of this
Enbodi rrentoﬁor]‘?@%\ﬂ%‘éa%oe%ﬁ@eml( Ravithg LRI\l digithict wBa3 M
exci ger | asgr.. i arent  from Fi t he_ nean refl ectance
bet V\ngn tﬁleg 055 D;lf’?zaq it i ﬁé‘%pﬁ&f%ﬁniadﬁ%r?ﬁ §hgpBr B3l pRELSLY
equal to Qr when t xi t ang! ual to 20 40
degrees or pggg%%% gé%géé%al ?o 89%6 I"$W 1% e&@hnﬁﬁeﬁchﬁ§%5ﬁtt°
angle 0 i t S r iC el

exhibits zice%ﬁgﬁtehﬁg?gﬁgégﬁs?%%mgﬁ ? ?reéﬂgp nough ﬁ%n§5Veﬁt as

shown in Tﬁ@'p%s%ﬂ?ﬁérﬂcb%ﬁﬁp&é/ﬁl Hilgn %%fo%gar&nff & +hRaL EBC ction

refractive index of the first |ayer
exposure apparatus.

10 The Si0; layer formed by the wet film forming method,
which serves as the separate second layer 103b, is formed
by spin coating using a conventional Si0; solution. Here,
a sol-gel silica solution is used as the Si0, 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 Si0,
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 $1i0; layer formed by

the wet film forming method serving as the separate second
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(MgF2) 102 is lower than the refractive indices of the 96 N PF04-505
optical substrate 101 and the second layer (Si02) 103 which are

adj acent thereto. By arranging the refractive indices as described
above, the nultilayer film 100 has the anti-reflection fug&&@%25&§ a
whol e. Incidentally, 5 although the second |ayer (Si02) 1037
conposed of the separate first |layer 103a fornmed by use of the dry
film formng nethod and the separate second | ayer 103b forned by

use of thelawerfibobf aram g nebhadachhes |Byers @Efevapderal tff]]%m
identical material and are therefore regarded 10 as the single layer

fromthe optickheperspecti temitErbodlgent thl) Aaprej.eClbo8 r&XRASHE
apparatus js configured as simlar to Enbodi nent 1 except applying
the transmisst¥deepisesly bPepeltaitdpsiprinbed bekowreb®driod. ctldks a
vi ew showi ng, a,configuration of the optical elenent 1 of the present
i nvention.® ‘fébBE?Pgﬁ toem&afEhtane i st ¥of aedhb) Famthagi dg théarge
nult%layer filn1100 on the calciumfluoride substrate 101. The

mul t Pl ayerTT + 71 THADHRRES aUFBURS | layeh d 5% madt greabagkudi Hgreak@ras

Chird 1 ayeht 05 ot o 0308 hel 1505 t1F LR V1058 # S iTeti Taf 6 7ming
iier oi on 17578 108 (S harer GR0 PRESElBe 15T d0d e 1 Hbn o
Coated i tdhhle) PRO'BEERY 120 RIAISITATINE L1018 QLA L
hours as a post treatment. This process is intended to
10 evaporate alcohol which 1s a main solvent of the SiQ,
solution, and to sinter the $i0, layer itself formed by

the wet film forming method.
Fig. 17 1is 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 8§
polarization and the Ppolarization is approximately equal
to or below 0.6% even when the exit angle 8 is equal to
20 40 degrees or approximately equal to or below 1% even when
the exit angle 8 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

(MgF:) 102 is lower than the refractive indices of the
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102, MyF2 in the second layer 103, LaF3 in the third layer 97

Nl PFO4.505 104, and SiQ2 in the fourth layer 105, and optical film
t hi cknesses as well as filmthickness ranges of the respective

| ayers 102 and so forth based on the designed dom nant M\ﬁﬁg%ﬁ A
are shown below. 5 (Table 6) Substance Refractive Optical FiTm i Yex
filmthickness thickness range Imrersion water 1.44 liquid Fourth
SiA2 1.55 0.37%0.15 layer 1.50x, Third LaF3 1.69 0.70, 0.40 I|ayer
0.90% Seconb:&BEXUbaBrete0l0D 08! thayeecOudAaydi (st d:aFB0 4169 ch
0.11, 0.03 layer 0.20. Optical calcium1l.50 substrate fluoride
Here, the ¥aRulAfiiapertdebasreton nefhodairs amsddcas thiche riiflrmdtdrs ng
met hod. It,i%to be naqted, however, that the filmformng method is
not |imtetfPOhF§St 85t APS CRdtafst.aba¥e stipossibt élayeappliymvaditohs s
sputtering_ et hods, _i 10 beam assi sted nethods, and ion platin
ngthods t h Qec%%gl—re%qeé%lon funct?on as a whole. Incidgntalfg,

) although the second layer (Si0,) 103 is composed of the
separate first layver 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 1is 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 LaFi: as

20 the first layer 102, MgF; as the second layer 103, LaFs
as the third layer 104, and Si10, as the fourth layer 105,
which are sequentially laminated on the calcium fluoride
substrate 101. The immersicn liquid 108 is water and the
substrate 107 is silicon coated with the photoresist.

25 Here, refractive indices of LaFs in the first lavyer

102, MgF; in the second layer 103, LaFs in the third layer



produce dense structures.

98 NI PF04-505 Fi g.

19 is a graph showing a

rel ati on between reflectivity and an exit angle in terns of the
element 1 of this Enbodinent 11 relative to the ArF (having

opti cal

t he wavel ength of 193 nn) exci ner

Fig. 19,

aser. As

it is appar

ent

the nean refl ectance between the S polarization éﬁ%EF%g&ﬁ

pol ari zation i s approxi mtely equal

exit angle 8 is equal

bel ow 0. 5% ®Yenan
Therefore, 10 the optical
and

it

to

to or

. 50 degrees or approxi mately equal
8aOehénekhe dogirel) lIiayequaldst 0ahl degieas. film
el enent exhi bits excellent characteristic
i s usdbtekRABEgE. Abr @®idr , 28s Bhibwn titd cRald s 6rdegersi befl abeve,
is apparent that the refractive index of the first

bel ow 0. 3% even when the

to or

| ayer (LaF3)

102 is hi gHetPEREAYENEaYEESadLidv8nichdicc 8 t6h PRe et coptheatesilystrat e

101 and th second Iayerﬁ%&%ﬁ%) 103 which are adjacent thereto.
Meanwhi | e, 29117305 ¥8V&H, }raxe ehevwpebederive index of the
thirg Iayepré%ﬁg3§ 104 is higher than the refractive indices of the
second | gver E g 103 and the fourth |ayer (5i02) 105 which are
Bbove. | tlhe mul t11 aykt "PeRTG0] RES ERG R | - PEEREG of furErrBn o
The vacuym vapor deppsi i on method \K'ehi & | 25 Enbbdi menf TR s
al so posgible to formthis film by thickness range
Immersion watexr 1.44
liguid
Fourth S5iC, 1.55 0.37A 0.15 ~
layer 1.50A
Third LaF, 1.69 0.70A 0.40 ~
layer 0.90A
Second MgF, 1.43 0.10A 0.03 ~
layer 0.15X
First LafFj 1.69 0.11x 0.03 ~
layer 0.20A
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 cnly 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.
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use of the wet filmformng nmethod as simlar to the 99 N PF04-505
separate second | ayer 103b as described in Enbodinment 5. 1In this
case, by providing the Si02 |ayer formed by the wet filmformng
met hod, the SiQ2 layer fornmed by the wet filmformng nethﬁﬂﬂﬁagﬁgs
the voids on the third layer 5 (LaF3) 104 fornmed by use of e dry
filmformng nethod, and the voids are thereby elimnated. In this
way, it is possible to prevent infiltration to and corrosion of the
optical element "L£%y ffe §Fven gmamisi eholiigyi da 10814 it peseSeen
bet ween t he rface of the substrate 107 and 10 the projection

opti cal sy%?gﬁ?PE}V&ﬁyt%Rﬁeﬁﬂ'Féiﬁaﬁﬂméa1inrﬁenm$iealtpert@ﬁﬁanme
of the prq%fctiog op%icg[ ﬁéﬁtenl PL. As a result, when this optical
el ement 1 TsCAPBFied L tBLIEHE DR SiBepitoh! edostiree dpphhatAusk dhartiag
liquid i iQn type.. it ig.possible to avoid detachnent of the 15
mul til aye;mf% AT b s B?ésfélﬁf SHERET dif F9om Bifel tcls appmrent
fluogi de r 101, and avoi d _dissqlution of the optical
elen%nt 1Sﬁ%§%h2%f?QUi%§’lnEEﬁismﬁﬁﬁ, FF%EF§tﬁﬂ§§ibﬁ?qWﬁQﬁnrﬁQﬁnS%he

performangs, 0f 4§ RE+RLA %ﬁ&i { g%ﬁgyiﬁagggﬁgﬁt %%pfrlron ad i% ' fg’quia}l i's

not necessary to 20 replace ica e

Theref ore.cd tox 1o pOASDLe Lo J7Rl il Nkl ot bropghout, of they oo

proj ection exposure apparatus. (Enbodinen projec

apparat us 5 &Nt &@sred approxindMd By LQuETedi BENL 1 ,6%X6ERE oyen
appl ying the transm ssive
when the exit angle © 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
(LaFia) 102 is higher than the refractive indices of the
15 optical substrate 101 and the second layer {MgF,) 103 which
are adjacent thereto. Meanwhile, it is also apparent that
the refractive index of the third layer (LaFs) 104 is higher
than the refractive indices of the second layer (MgF;) 103
and the fourth layer (Si0O;} 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 Si0; of the fourth layer 105 is formed by
use of the wvacuum 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

a9



optical elenent 4 described below 100 NIPFO4-505 Fig. 20 is a view
showi ng a configuration of the optical elenment 1 of the present
invention. This optical elenent 1 is fornmed by Iamnating the
multilayer film 100 on the calciumfluoride substrate 101. 50
multilayer 5 film 100 has a five-layered structure including Laﬁ@ %s
the first layer 102, MyF2 as the second |l ayer 103, LaF3 as the third
| ayer 104, MyF2 as the fourth layer 105, and SiQ2 as a fifth |ayer
106, whi che@peraéguentipald yalvam A&t3d asodetsheer idad CiiMEflbeeriten t 5.
substrate 101. The imersion 10 liquid 108 is water and the substrate
107 is siliRohhéBarade witth Rt hbear bBiesBioOket eyerefpaeteidv®yi nlices
of LaF3 in the first layer 102, MJF2 in the second |ayer 103, LaF3
in the thiet 15y fammingyrethady hEhpoBiPh layer A0Snedriny SItGR Wert
the fifth 15 |ayer 106, and optical filmthicknesses as well as film
t hi ckness TahBe5O P PReTRESGSC IS E TRyRe 192danENs 5hrobl rbdsett N

(Table 7). SBSUANAL. FEY TUET: 08 UBFi Ghi AP HFYi AGLR EPFRVPR BRAESS,

thickness Jangg, e VRIS QN Bl ey ¥ iminated. 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. 1In 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 ofthe 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



liquid Fifth Si02 1.55 0.20%0.05 Ilayer 0.357 Fourth MgF2 1.43
0.10%0.03 layer 0.187 Third LaF3 1.69 0.707 0.55 |ayer 0.82X
Second MgF2 1.43 0.107 0.03 layer 0.187 First LaF3 1.69 0.117 0.03
| ayer 0.207 Optical calcium1.50 substrate fluoride Here, dﬁdﬁoﬁ%ﬁyum
vapor deposition nethod is used as the filmformng method. "Ttis to
be noted, however, that the filmformng nethod is not limted only
to this method. 5 It is possible to apply various sputtering nethods,
ion beam assi sttéd -met hodls, aand §wnspbwingg anstdrotisgthat 16an o Mpriice
dense structit:Jres. Fi%;1 21 is a %:?aph showi ng a rel ation between
reflectivitYCaRd!afl eReRtah@ife the PEepeTST inyerdptdarcal THIOR optical
NI PFO4- 505e el errgni] Of é%EPnbOdi ment 12 relative to the ArF (having the
wavel engt 017985 hrj® HoditRe Rademingt 119 | heagpdridntay 4 ¥ ofh 1A §.0 @1,
the mean reflectan tween the .S | ari zation and the P_
pol ari zation ?s&aﬁéﬁgxﬁ%tﬁwoﬁﬁﬂﬁl SEX5G Gt hel O 0. Bog elA tiary ethe
exi tzangl e: 0 s; ggugl st g five-layered structure including LaF; as
the first layer 102, MgF:; as the second layer 103, LaF;
as the third layer 104, MgF, as the fourth layer 105, and
Si0; 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 coateq
with the photoresist.
Here, refractive indices of LaFs; in the first layer
102, MgF: in the second layer 103, LaF; in the third layer
104, MgF:; in the fourth layer 105, and Si0, 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 A are shown

below.
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50 degrees or approxi mately equal
exit angle S is equal
exhi bits excell ent characteristic and
as shown in Table 7 descri bed above,

refractive index of the first
refractive indices of the
(MgF2) 103 whi ch

to 60 degrees.

| ayer
opti cal
are adj acent thereto.

to or

it

Ther ef or e,
i s usabl e enough.

bel ow 0. 5% even
t he opti cal

it

when t he

10 Mbreove

is apparent that t
(LaF3) 102 is higher tlﬁ@ﬁo%'ﬁ%ﬁ
substrate 101 and the second | ayer
Meanwhi | e,

s al so

apparent tifablld The refractive index of the third | ayer (LaF3) 104

el enent

r

r

rm

S

ng

(0]

i s hi gheqr—than—theret+ractivetndices—ofthe secand |layer (MyF2) 103
and the flourth | ayer| $dpFRant@S5 réfehcatieead] agenicatiher et 0. 73 By
arranging the refractive indicegs as described above, the nultilaye
film 100thas the ant|i-reflectign fumetd:on [R0 adikmwWhol ethAkkhwgh
Si02 of the fifth |ayer 106 is [formed by use of the vacuum vapor
deposition method in this Enbodi ment 12, it thécihessppssi bhagteo fO
this filmpby use of the wet frjimrformng method—as—stimtar—t+e—the
separ at e ééﬁﬁﬂf%ﬂplayévaiegb as dekeffbed fin Embodi ment 10. In thi
case, by provhging the SiQ2 |layer fornmed by the wet filmformng
103 NI PF04805 % met Hod, the Si 02 |ayer forned by the wet film formi
nmet hod erﬂ,ti?t%the Viol d%.o the Toujttn rayer ( MgF2) 10% formed by
use of thé dry filmifor Jﬁ% metlhod, * and t he voPd20%are |t heteby ~
elininateqéyé}this way, it is |possible tofprevent 5 inpfiltration t
and corrgsidn of thd optical ellenent 1 by 0.354
Fourth MgFk, 1.43 0.10A 0.03 ~
layer 0.18%
Third LaFs 1.6¢8 0.70A 0.55 ~
layer 0-82?‘.
Second Mg¥F, 1.43 0.10A 0.03 ~
layer C.18A
First LaF; 1.69 0.11% 0.03 ~
layer 0.20A
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,

produce dense structures.

Fig.

21 1is

a graph

and ion plating methods that can

showing a relation between

reflectivity and an exit angle in terms of the optical
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the given imersion liquid 108 interposed between the surface of the
substrate 107 and the projection optical systemPL, and thereby to
mai ntain the optical perfornmance of the projection optical system
PL. As a result, when 10 this optical element 1 is applied %ﬁiéhe
projection exposure apparatus of the liquid inmersion typel 55045
possi ble to avoid detachnent of the nultilayer film 100 of the
present invention fromthe calciumfluoride substrate 101 and to

avoi d di ssel}eneoh of Ehboddtiers 115 re)lenEide kd nidiendi G idd 4 s
way, it is possible to nmaintain the performance of the projection
exposure Wppaiangsh lof dAdd tion,extimerndtseecesaar ¥t @ & eRAsent he
optical elenment 1 frequently. Therefore, it is possible to maintain
hi gh t hr oufiplit B39t he2proj Bbei omeal0 erpfdsurtarapparnkst tisee Entiosi nent
13) A projection exposure apparatus is configured as simlar to
Enbodi mentPAt 2k EpEL1eFpEGAAd e Rer ek anisARsdionel s oyt ot i ed bakpteia l
desc;ibed bel ow. 2? I n this Enbodiment 13, the material of the fourth
| ayeP 105 7% OF fPRF8Ht OF PomSet R the Eabadi realeld, isle4ual to

NI PFO4. 505, %Bgckfically, in This Enbodi nent 13, Al1203 is forned as
the fourth 1 ayes: 165. CHePEP IR MR T V% PRARAECOPTLRRS oh OLRS fawest

| ayer 102, R2. i second, l.ayer 103, LaE3.in the third layer 5
104, A1203 l]“%égt eé%o%r ha’?%%e?e f%,e 59080, HepREeFif { Rnere ore,

theopticalelementexhibitsexcellentcharacteristicand
is usable enough.
10 Moreover, as shown in Table 7 described above, it
is apparent that the refractive index of the first layer
(LaFs) 102 is higher than the refractive indices of the
optical substrate 101 and the second layer (MgF,) 103 which
are adjacent thereto, Meanwhile, it is also apparent that
15 the refractive index of the third layer (LaFs) 104 is higher
than the refractive indices of the second layer {MgF,) 103
and the fourth layer (MgF;) 105 which are adjacent thereto.
By arranging the refractive indices as described above,
the multilayer film 100 has the anti-refiection function
20 as a whole.
Although Si0; of the fifth layer 106 is formed by use
of the vacuum vapor deposition method in this Embodiment
12, it is also possible to feorm 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 5i0; layer formed by the wet film forming
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| ayer 106, and optical filmthicknesses as well as film thickness
ranges of the respective layers 102 and so forth based on the

desi gned dom nant wavel ength X are shown below 105 N PF04. 505
(Tabl e 8) Substance Refractive Optical Film index filn]thiééﬁﬁﬁ%@

t hi ckness range Imersion water 1.44 liquid Fifth SiQ2 1. 4505
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 |ayer
0.203 Firmethof3 thégi0: I8y dr Gdriayey thesd t OpLhcad rikah §indVHb SO
substrate fluoride Here, the vacuum vapor deposition nmethod is used
as the fi®H¥¢oHFntheg weifsdonitheésfeerbe hayed, (Moweyergs thatmed hey
filmformng nmethod is not limted only to this nmethod. 5 It is
possi bl e t&appFy thdr idie Ephmt oumimet hotbodi,omnd 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. 1In this way, it is possible to
maintaln 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.
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beam assi sted net hods, and ion plating nmethods that can produce
dense structures. In this Enbodi nent 13, the nean refl ectance between
the S polarization and the P polarization is approximately 106

NI PFO4-505 equal to or bel ow 0.3% even when the exit angl 1;{0;;505
equal to 50 degrees or approximately equal to or bel ow 0.5% even
when the exit angle 0 is equal to 60 degrees as simlar to that of
Enbodi nent_ 12.  Ther ef ore, the optical elenent 5 exhibits excellent
char act er i 8§ ¢! B2 4 Yus 45 dhepugibodibeasvén, &d.Shona iFnrfeld ass,
it is appar ent tha he refractive index of the first layer (LaF3)
102 is hi gHe? ?‘ﬁﬁ é‘yteéTf r]aQ:'?1ve i ndi ces of the optical substrate
101 and the se&ond Igy % 103 which are adjacent thereto. 10
Meanwhile, it is 40" 5%?%% Rt dt RS ref rati Ve ithgefireft dheer

third | L h t f t d f th
selcrz)nd ?)alty(raorg( %%f) 3:%Ol\éhand df%ﬁ?tgﬁ P§§;$L£?g\l{é’(\;%)hellgﬁlll\%%ségyﬁﬁ-’ee
dj tt f bed
above, helmﬁ"'uieﬂ é’?érﬁﬁ?@g”—‘?%%‘%la&i rf@%ﬁt A é“ﬁrf%iﬁ%iﬁ BuRGEn
as a whol a.5 Al hoyigh §thoBE1EQ§ ith 8y, n%ggel S for ¥ ﬁ?ﬁ‘l so

t he vacuum vapor dep05| tion met ho int odr mefit W

possi bl e ttﬂlﬁ@fﬁ@églﬁaﬂ@égnobﬁ/t%%ergfsp%la%a.v‘%'ei gz'eg@ 385@91;;9

simlar to the separate second 20 | ayer 103b a5 descri be

Enbodi nentoalihd | Ont ki c8585 onbY REAMLALND b PLAT haver, for nBd
the wet filmformng net hodgnt he gl 02 | ayer gr 'ﬁgét )&fh":le{%errE me

form ng nmétehlony .
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enters the voids on the fourth | ayer (A1203) 105 fornmed by use of
the dry filmformng nethod, and the voids are 25 thereby elim nated.
In this way, it is possible to prevent infiltration to and corrosion
of the optical element 1 by 107 N PFO4-505 the given i mygsken
liquid 108 interposed between the surface of the substrate ?S@fgﬁh
the projection optical systemPL, and thereby to maintain the
optical perfaormance of the projection optical systemPL. As a
result, wheBte s optical element 1 is applied to the projection
exposur e [appar atus gf the tiguid—Tmrerstontype,—+t+—+S—posstble—t
avoi d detlachnent of [tHePEhprRFRayReIFaERMIYO]q ©Ptihkelpr esentFinwentijon
fromthe|calciumfluoride subsftrate 101 and to avoid dissol ution gf
the optigal 10 elengnt 1 in the |ig@d®X In|thi Sy, i1 thipéssisisl d
to maintain the per|formance of; t he project|i on exposurge apparatus.
In addition, it is not necessarly to repl acqd thheksgeiscal erersst 1
frequentl Thereforle, it,1s possiple to maintain hign tnroughput—|of
t he proje?ﬂqéyg %Pexpd@%?%rapparat s$4According to the projection
exposure qgﬁﬁfqius af any of tlhe above-degcri bed Enbofi nents 6 to
13, the |nu Hlayer filmis forjmed on the gurface of the optical

el ement anrd mul tji | ayer, film has;t prqt ect.i 20 functi to
pr ot ect thej%%fical eleﬁgﬁ? againstii g Iicuida'gﬁé an o2 -
anti-reflaghiean fungtion to prgvent reflectlion of the expgsyLe l'i ght
beam (t he—i-aci-dent llight)  Therlefore i

Fouxrth Al.05 1.85 0.10A 0.03 ~
layer 0.18A
Third LaFsg 1.69 0.51% 0.38 ~
layer 0.65A
Second MgPF2 1.43 0.10M 0.03 ~
layer 0.20a
First LaFs 1.68 0.11% 0.03 ~
layer 0.25A
Optical calcium 1.50

substrate fluoride

Here, the vacuum vapor deposition methecd 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
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it is possible to provide the stable optical elenent wthout being
corroded by the liquid. Hence it is possible 25 to provide the
optical elenent which can realize a high-performance projection
exposure apparatus having 108 N PF04-505 high resolution I\ﬁpg JE(E ge
depth of focus by use of the [liquid inmersion nethod. Moréov ? %he
multilayer film has the protective function for a given tine period,
and is therefore capable of protecting the optical elenent 5 against
wat er as t3%813 hker sicohellpguPd3foevearwlenrishe farit exaypd @ ibeaggaht
is possible to provide the optical elenment which can realize a
hi gh- per f vaAcee PF SPECE T APP EXPoBALE Lappanatluso awbred dv gh5% even
resol uti on and Jl.arge depth _of focus by use of the liquid inmersion
met hod. AFMHe W Skt 13RE1SI f 28 podSilbite 5P pamuicies the stimbler
optical eglepgnt wthout bein rroded by the liquid for the given
time period. qﬁﬁtr?bggiérjr@ﬂ?dﬂlfn% %?o] ePE‘FBﬁ%@%&osEPé epparatusl ¢ment
confy guregqusib-ltfs sl L t Egbodi nt, 1 exce appl ying the
transnissive  op Slca}fp: e?e?r%gt ¢ 38852{%%1@3:%%%%5 L= g}?sazl?ﬂF SEBOYHRW
showi ng”a configygati,Qe of, an, Qptigal mber used. i n Enbodi ment 14
of the present inventidn. The og'g’tilcalTa@n%egr’ T st TR BYCj bRAFng
a 20 fusedny Higaabhii Pt Alig, 102+ Q0t ; 2D+ ARt L2l 18 101 ; made of
cal cium fluoride. Here, an i nmersion T gui }}198% (LlasF%\B/\Tgtn&e% IRyt e
substrat e thauA teid h@e SEE a8y 1045 CORMEMe optical substrate 101
and the second layer (MgF;) 103 which are adjacent thereto.

10 Meanwhile, it is also apparent that the refractive index
of the third layer {LaFs) 104 is higher than the refractive
indices of the second layer (MgF,) 103 and the fourth layer
(Al:03) 105 which are adjacent thereto. By arranging the
refractive indices as described above, the rnultilayer film

16 100 has the anti-reflection function as a whole.

Although Si0; 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 S10; layer formed by the wet film forming
method, the Si0; layer formed by the wet film forming method
enters the voids on the fourth layer (Al.Q3) 105 formed
by use of the dry film forming method, and the voids are

25 therebyeliminated. In thisway, it is possible to prevent

infiltration to and corrosion ¢f the optical element 1 by



wi th photoresist. As for the joining nethod, when the exposure

wavel ength corresponds to that of ultraviolet 25 rays such as the ArF
| aser, two conposition surfaces are fornmed into planar surfaces and
subj ected to optical 109 NI PF04-505 contact. The opticalzﬁﬁa%2%55
means a phenonenon of virtual contact of solids owng to an

internol ecul ar force, which is observed by attaching two pl anar
surfaces closely to each other. Fromthe optical point of view,
there is S-RI §Lygn nfereneeohetlisnn d 508 | dnaedpasatichaseswbif. thld
it is not possible to obtain desired adhesion due to poor plane
accuracy ott¥hacewsti hher paded rafty 47 tand tifee aptotatttont apt iciatl i s
al so possi bl e to enhance  adhesion by slightly coating pure water in
a space bel¥RERFF 1 RES hPereRYekO M5 itHe Bk ttéiet oR6E ced paufermance
corrosion on fthe surfa%e of the optical elenent 101. Refractive

i ndi ces Ot t S opE P §F FPEhERT LGP XS EHR Fhsed®8i i Easthin phane

angl 3 v ef 'oct ane® =itk nEIRERG Gt ) e RoRAZRR oft Aecor bRt PEREOD

angl e-refl ectanc characteri sti fPHpi PE

St (herteopbingt D A LG 2

it is apparent fro ig. 23, e mean

pol ari zat 1,05, o ade s ey BipOkARlAALAN. RE: rel bl s Lo Lheingi dept

light 20 is equal to or bel ow 0.3% even 20 en the exft ang
equal to G degleceprcERertef aneen ding oOptissal g@ﬁbggleé%b' Ffuoride

excel l ent characteristic and is usable enoug :
substrate 101 and to avoid dissolution of the optical
10 element 1 in the liquid. 1In 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 exXposure apparatus.

According to the projection exposure apparatus of
any of the above-described Embodiments 6 to 13, the
multilayer f£ilm is formed on the surface of the optical
element and the multilayer £ilm 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 corrodedby the ligquid. Hence it is possible

25 to provide the optical element which can rezlize a

high-performance projection exposure apparatus having
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The reason why the optical elenent 101 as the optical substrate is
not made of fused silica is that the fused 25 silica thin plate 102
may cause conpaction upon laser irradiation and is not therefore
suitable. On the other 110 NI PF04-505 hand, the reason fgﬁpﬁﬂp i ng
the fused silica thin plate 102 is that it is possible to mhni e
an adverse effect even if the conpaction occurs therein. According
to the projection exposure apparatus of 5 the above-described
Enbodi mentish ndro¥ybbdnsphidcd adden depahect020has awearse | OV the
solubility in water and is therefore applicable w thout causing
degr adat i gﬁ U3 ¢ Heamgyes Formaatbogdt t r Mbuealvles ,t cheommdsiidneyét £51m
possible to realize a liquid imersion optical system w thout

causi ng 1636ptPEaPr@dGadats o byt 1N nfot it < &Y emening et hed) | guild
i mrer si on, et %od. Enbodi ne 15)_ A projection exposure apparatus is
confi gured®ad P EiFhIaF TBPERDSdITTeR At eXEeRs LBBI PPhd GeHe element
transm ssi - ical_elenment 4 descriped below. Fig. 24 is a view
shO\r/%i ng ab§§ﬁfnljsgcu?‘%[tqeolﬁ ¥ Fie TR TR 1éjrgug‘é’a b &7 EAEP meh?r 15
of the pr | nv ion. :The opfical er 1 is.fornmed by joinjng
a cr ystaleﬁ?lﬁlg)lrédgngg%?ngf fl-tljgo‘rall%eﬁ%%géggﬁg&%rp%&‘ﬁ%gsé eas‘;/fé %LZ)
thin plat 4 i 101 of calcium . .
fIuoride.8&égg?ﬂ?hgufﬂﬁ€$§%6ﬁ§+%g%?ggg%é&ﬁsp%gggfmﬁﬁﬁf S Lttt e
i's the sikkgedurdabpala thid nefALRf idhNresolution 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

cptical element 4 described below.

Fig. 22 is a view showing a configuration cof 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 ontc an cptical 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
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phot oresi st. A space between the optical elenment 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 NI PF04.505 the refract&ﬁﬁnigggx
equal to or below 0.2 relative to those of respective substraté )
the filler liquid has small residual reflection and can be used
favorably. Since MgF2 has sone solubility in water (2 x 10-4 5 grans
per hundr SPRFAFE -of TaEerorltkorHi mpntadthenelkintser at wie: tate)oand £
therefore djssolves in water when wused over a long period of tine.
As the di SSoTtErdFoptadgkesteslitdfeping o rirsknok rdaimgivipa force,
transm ssiqn. wavefront of a proLecth lens. If the optical elenent
101 10 is Jr%léﬂsyog’ézi’tré’&%ﬂfha% Aaphasi e i leord deurifigrds whioste 14 s
in an inagpropriate filmthickness, there is the risk of distorting
the transmission VAVREFont THER tBet ARTIGRdt PEANT ATt Kisvevaherd tsmy
be necess o_cat an_extensive operation for replacing the
optﬁgal e%@%ﬁﬁa§55%%fg%éﬁ%{hﬁﬁ%ﬁ??,amﬁ@ 1h ETGptaRA R T ef@AE 4101 i s
formed into a N$+S it S sary t.o perf.ormdelicate
alignnent with g% %Bt?%gﬁﬂéﬁ?§%}gfﬁgﬁﬁfb]é%beeFéﬁ§EL6§heSlon due
repl acementc WH &b 4 sahat ad f. i ment 5 of the
pr esent inve%??on,ﬁit ?sagggéﬁéchﬁgq¥§%ﬁ§§gJgﬁﬁgggﬁc?ﬁesP%Pﬁcﬁl%Pe.
Accor di nglihe | bpits easstbhe al@ ,pef forim 59953%%%%}b?@'w%r%ﬂhgh%éng

an adverse effect on an inmage-form ng performance.
adhesionlnfslightlycoatingpurewaterjJ1aspacebetWeen

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 8 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 6 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 fusegd

25 silica thin plate 102 may cause compaction upon laser

irradiation and i1s not therefore suitable. On the other
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Al t hough Enbodi nent 15 of the present invention applies the
crystalline magnesium fluoride (MyF2) thin 25 plate, it is also
possible to apply a crystalline magnesium fluoride (MgF2) sintered
body instead. Alternatively, it 112 NI PF04.505 is also pg@ﬁ%B&gggo
apply a calciumfluoride thin plate coated w th nmagnesi um T uoride
(MgF2) or a very thin PTFE (polytetrafl uoroethyl ene or Tefl on
(registered trademark)) thin plate. As for the coating nethod in
this 5 cadénds Ghe gessian oo 2dopityi mptthenlfysac gpildala vapar plate
deposi tion nethod but also any appropriate nethods including ion

pl ati ng metod Satdafarioys SARTIR I igto meimdsze Hen ead thesthedfpkat e
descri bed in the descrigtion 10 of the preferred enbodi nents of the

present iﬁ&ﬁﬂi%ﬁlﬁ%? “BEPPSTTHAT i HE GBS phRaFRER -pl ate as wel | .
Aocording {0, \NEERLSLACL 0% SXROSUL S, 2RRaLAl Us o e e ebuRon:
e aary e B e C e e o N o i h A8, SRS ApbaPAEDSDI n
order to llace e tLc 1 corroded by water or the |ike,
PABALeL DO ndd IIa aueItfrang(tcjjg"acstouf%bJ«éfﬁﬁj?jl]gii‘ﬂr)clchT’uc‘f'%J‘;@1"’fiacf}%nf'lsy.

and it is” thereby possible to

Corrodet for A 6l ven Bert SA st (oY I The'd proy et bhOBbBere

corroded for a given period of tine projec
appar at us pies fidtnied atd 100 b AN di 19ldb et die Pt i cal epBer;1;has a
stabl e optical
realize a liquid immersion optical system without causing
10 optical degradation by using this element for the liguid

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
opticai 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 MgF,) 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 MgF; thin plate 105 is filled with a liguid (a filler

25 liquid) 106 with a small difference in refractive index

therefrom. If this filler liquid 106 has a difference in
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characteristic. In this way, it is possible to stabilize the quality
of end products to be manufactured by use of 25 the projection
exposur e apparatus enbeddi ng the optical nenber of the present

i nvention. 113 NI PF04-505 Although the present invention @FBE%&
described with reference to Enbodinents 1 to 15, it should

understood that the present invention is not limted only to the
features described in Enbodinents 1 to 15. For 5 exanple, in

Enbodi menthe @irif¥aetivie index emial dtssokubiednyf id 6 #&eaf 0tEREGON
the surface on the substrate's side and on the side surface of the
optical &PR&Teht©bn rEs@ esiiviste asubs teiadeof the projlect inigwpdi sals
system by use .of magnesium f| uoride (MyF2) as the 10 anti-dissol ution
films. |n§F‘é§d‘E Tgs{dupdsselile aici arand apaanbe- disssbl itvomsbiym on
the surface on the substrate's side of the optical elenent on the
substrate's side® bRCEn¥IFpr BRECECHP R Wallsyut ém byptese Of x 107°

hydrophi | | idi [ i @), and anwhile, to forma
hidrﬁﬁﬁhob%?%a?'? a%%q‘- dﬁ?ggﬁlﬁ(qso I)fai“lsm 85? Hat&irdeasGPrEd& Y%f tPhethe
opti cal : t bstr 's_side of .the.projection optical
sSst em by%gg%?ft%y?gﬁ%?e%édgi%ﬁr}e%e 78, d%ﬁgc’&% iEJ'- difs 61 kR T ot enl m

formed onykbhg si¢ urf ; opti el enent .is the ,
ant i - di ssol uti 3?’1 éléo%lf ﬁ%? a\el’{er%%gin cgicg?hgn't %‘cﬂrB&plﬁobcrjcsﬁ)%}‘FB?ﬂﬁnce

eSS P RSO0 a0 4 ARG, -G .38

wavefront of a projector lens. If the optical element 101

10 is directly coated with a magnesium fluoride (MgF:) 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 {(MgF,) thin

25 plate, it is also possible to apply a crystalline magnesium

fluoride (MgF:) sintered body instead. Alternatively, it
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while the anti-dissolution filmforned on the surface on the
substrate's side of the optical elenent is the 25 anti-dissolution
filmhaving an excellent hydrophilic perfornance as conpared to the
anti-dissolution film 114 N PF04-506 formed on the side %mé%ﬁce of
the optical elenment. It is possible to guide the liquid at €8% o
the side surface of the optical elenment. easily to the substrate's
side because the anti-dissolution filmforned on the side 6 surface

of the optiz@l®d apensibiet he hygngphokiaa cank ifTiesohyt LA bhte
Moreover, it is possible to fill the space between the surface on

t he subst gt &d gf deh gfagndel opt ftab riébentMy Fanc £ he veuhsthateprre
constantly with the 1iquid because the anti-dissolution filmforned
on the 10 Ak eeetbalinerosisivlane s siae of TeBlopti calreleprest oids
the hydrophiljc anti-dissolution film Meanwhile, in the

above- descr Erbbdi e P i e foirkehetdratingtmdtihod in this
cong;ructed as the silicon dioxide (Si02) filmis fornmed on the
transm ssive Uptttal SePEFEAC 15 1 2ikRLBf NPke o3dut teert Yil el hvdpor

| nst ead, Q; IS possible _to forgkthis filmby use of a different dry

filmformngCierhdd sTeh™ag thRtvatltth abor aRpeRPEidhenernbiods

the CVD nethagdy; Moreogver, .in .the above-described Enbodiment 5 and
20 the like, ﬂﬂje“gl‘% ?lcoo‘ﬁ i18%1§§(§ﬁ%§5°d?i FRE sYRHIRBE o3Pt hREeTEngst
filmby uge@fcdde dry filmformng nethod and the other silicon
dioxide (Si02) filmis fornmed as the second

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

therebypossibletonmnufactureendproductsefficiently.

Moreover, the optical member 1 of the present invention

20 is not corroded for a given period of time while the

projecticn exposure apparatus is in operation.

Accordingly, the optical member 1 has a stable optical

characteristic. 1In 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.
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filmby use of the wet filmformng nmethod. Instead, it 1is possible
to formthe magnesium fluoride (MgF2) filmas 25 the first film by
use of the dry filmformng nethod and to formthe silicon dioxide
(Si02) filmas the second film 115 N PF04-505 by use of t AT
filmformng nmethod. Meanwhile, in the above-described enbodi nents,
the space between the surface of the wafer and the optical el enent
made of calciumfluoride and fornmed on the wafer's 5 side of the
proj ection optiRatheopghemiie pPresedtwintentidor ilgus doednstieadriivled s
possible tq |nter%ose the liquid CE)artl ally between the surface of
the waf er “Hrid* t R Gt tal diftrtdimeetaf lcatei um f| doristewhd be
formed on_th side of the projection optical system 10
Mbr eover , qe%vwb%oﬁu?léa%aqké? RIE SRR 1y arHel 97 i @#ot Aimided only
above- desccrl the liquid is not limted only to the

d t
pure wat er qi%l gggfi gg%g‘s?eoﬁ%“t%eguéﬁ ERGERE™a R erii H Fguéﬁ asg@ﬁdar
| f th ht
2 b 18 Tt ve Aot nEshiRRRks pisei BRE. ahaeroriRe st abke
agai nst t&%ﬂhqugéﬁétc Wh rfl\ﬁ.’?dscggteh\%ﬁoorrn?éc?c {hOpéungﬁ.‘S Stgg‘a-,a”d

the surface of the wafer are coat en a aser

the exposurdightebgagydit ahS oPOSHIDIE dd USEr A '&ﬁrtﬁ'g gth'%

that allows 20 transm ssion of the F2 | aser beam ri na
liqui d may lemdition nakedudish raf Paf Bliver spolyethes 4EEPE) of Pt cal

exanpl e.

system by use of magnesium fluoride (MgF,) as the
10 anti-dissolution films. Instead, it is possible to form
an anti-dissolution £ilm 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 (8102}, 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 cof 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 f£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 +he

25 anti-dissolution f£ilm having an excellent hydrophilic

performance as compared to the anti-dissoclution film
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Mor eover, in the above-described enbodi ments, the optical elenent
used in the present invention is formed 25 into a |ens shape.
However, the shape of the optical elenment is not limted only to the

| ens shape. For exanple, 116 NIPF04-505 it is also possi?#ﬁ to form
the optical elenent of the present invention by formng a IFHH% a
calciumfluoride plate substrate as a cover glass in a space between
a conventional calciumfluoride lens and the liquid. 5 In addition,
Enbodi nentfe rivecansh theexpkial Butrfaceexanphe ebrskhahthyneoating pyre

water on the two joining interfaces. Instead, it is possible to use
fl uori nat ®¢s ssidt heeriics gauicte adeperthiar acanboed PECthe side surface
hydr of | uoroether (I-1FE) or perfluoropolyether (PFPE). 10 Moreover,
t he numbePfarfdshapbicef theemorizl essised td nthbesebadiamnts a5genot
particulahly limted. For exanple, it is possible to provide two
pairs of REZAYSE LPBnFntiohysspdBtépPnt hel imp fpemednodA tihe petfier m
sup%!y andrgecoveéy of the liquid. In this case, it is also 15
0ssi bl e PETAAEhgE Tt hdASh Qidt! Golz z19STAREE t HeS i ritheke hyrbrablesbic
v ticall ? f tuate th I d f the liquid
vertica as to ectu e supply and recovery o e liqu
both in t g%ixéi%%%f#%hoangliﬂ'tH%OrggvaFreéFibﬁ.P?Eﬁbbé?nﬁﬁtfaé} 20
A projectign ¢ u aratus is configured as_ simlar to,
Enbodi ment T SXGSRt "RpplyTing S BRTITE O drithtsCRi THA WA Ersdfe of
optical megles Ppthaakh %GRt aakScH BT OUIN rate 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 fiim.
Meanwhile, in the above-described Embodiment 5 and
the like, the first filmconstructed as the silicon dioxide
(5102) £i1lm is formed on the transmissive optical element
15 by use of the sputtering method. Instead, it is rossible
to form this film by use of a different dry film forming
method such as the vacuum vapor depositiocn method or the
CVD method.
Moreovex, in the above-described Embodiment 5 and
20 the 1ike, the silicon dioxide (Si0,;) film is formed as the
first film by use of the dry film forming method and the
other silicon dioxide (5iQ;) film is formed as the second
film by use of the wet film forming method. Instead, it
is possible to form the magnesium fluoride (MgF,;) film as

25 the first film by use of the dry film forming method and

to form the silicon dioxide ({S10;) film as the second film
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a filmas described below. As shown in Fig. 1, the projection
exposure apparatus 25 of this Enbodi ment 16 applying the step and
repeat nmethod includes an illum nation optical system1 for
illumnating 117 NIPFO4.505 a reticle (a mask) R a retighﬁF@%&gp
device RST for supporting the reticle R a wafer stage devitce
supporting a wafer (a substrate) W a wafer stage drive system 15
for driving the wafer stage device and thereby 5 noving the wafer W
t hr ee- di nB¥siUGal?§y, thepretedtiilon foptinal ngysbdm PL for projecting a
pattern image fornmed. on the reticle Ronto the wafer W a liquid
circulation deNFRBYFelesuppl FhRgakoreqdies o ittre & espizmdibet eenthbe
projection optical systemPL and the wafer W and a nain 10 control
systen114SPSF%;§ﬁﬁ%%%%s£b@l?WﬁﬁﬁQ%Han@h%v@ﬁﬁﬁF agygertdtd orpofcehe

rojection,ex ure a ratps, The illum nation optical system 1
Pnol udes SACREET RGBT Fabtlund LiCBAgBANS TATHRY SauEbE WaRer” o
optiscal L& t ni.zer). . field stop,_ a condenser |ens,
OBt End tnelPETE Rhel Brudma L Kidutadt 1172001 81 v BFR T ER e ol o
ul se bea i n v.el en: i emtted fromthe |jght
gource, aggq:&%\gri gétgﬁss\é\‘_‘;eﬁ,rg&gégp]_sf éjjsg%trit]émtfloaﬁnggnercﬁo??%a&% Jt‘é‘ﬁjrg

and ther ey richlaim pales ddie crRabheen cbmage s Quidedan Lhe Jeticle R

The imagi ng Iight 20 passing through the reticle 'S proje

an exposuegencegi nadencthea vaf e Mcoa! 88 WMd o RPLAr €5LSta £4L LY
a projection optical systemPL. Here, as the exposure
side of the projection optical system.

10 Moreover, although pure water is used as the liguid
in the above-described embodiments, the ligquid is not
limited only to the pure water. It is also possible to
use another liquid ({such as cedar o0il), 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
F; laser beam is used as the exposure light beam, it is
possible to use a fluorinated liguid that allows

20 transmission of the F,; laser beam. Such a fluorinated
liquidmay be fluorinated oil or perflucropolyether (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,
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light beamlIL, it is also possible to use the KrF exciner |[|aser beam
(having the wavel ength of 248 nm , the F2 | aser 25 beam (having the
wavel ength of 157 nm) , the i-line from a nercury |anp (having the
wavel ength of 365 nm , and the 118 NI PF04-505 1ike. TheN{[ﬁr‘,M_:gO%
stage device RST is configured to be capable of adjusting
position and posture of the reticle Rwhile retaining the reticle R
Specifically, 5 the reticle stage device RST incorporates a nechani sm
for fineky H@v@ﬂgﬁc{ heozeibéketR iflomm thaliopticah andmnt of regsion
which are substantially perpendicular to an optical axis AX of the
proj ect i oﬁr8§teind?alm§’§a§tcérﬁmlby dndninyg a Gilmconon cafl ¢iofimtd 05 By @und
t he optlca& ?_ms AX. 10 Positions of the reticle Rin terns of the X
di recti on®2tfe Sv}dk%ﬁ‘?lé%‘t:?oﬁs and"ARRr dEteesi dm of spaaki betareen a

|l e | aser_ interferonmeter (not shown)

measured _in by.a, reti

and are cSRtT S % rqea %/%??Ewe gfl&ﬁédtfmw?sy%?‘énﬂlﬁotllqslh@m) 15
The waf er stag evi J 8,0 t o be, capa of ad usting the
posiﬁti on and p(;elsr?u\rég%o e W&F@ c@ﬂﬁr{"i‘% etaofFﬁL‘u Ag t%p far e To
be nore p opn £t t the wafer, Wis fixed onto a Z
stage 9 b%/gg}su ﬁe Bf QE ghﬁ:‘iﬁ; ég’tlng]ﬁugﬁl qa7eL QPetlee %W%Mlmng
ol ent et vl R R R B TR S T

a Z direction substantia y par e opti
tilt anggslbba&%OEuear5§§ﬂgﬁﬁlﬂgr59aE%%5 99§bsﬂoﬂydlg%lué%gg¥%er
{HFE) 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. 1In this case, it is alsc

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



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 noving the wafer hol der
al ong the XY plane that is substantially parallel to an i nage pl ane
of the projection 119 N PF04.505 optical system PL, changj.[g? _%O%hot
region on the wafer W and so on. Here, positions of the %‘G 9
internms of the X direction, the Y direction, and the direction of
rotation are neasured in real tinme by a novable mrror 12 5 | ocated
on the waPerr &bl @ée did mysk) wafera | aseiclintsardes ogevetelRST for

configured to supply nmeasuring light to the novable mirror 12. The
waf er st a§&PRARIe-BY sttt 15eitsd odiser Bt eda | wa freespensest odaveent r obr
signal fromthe nain control system 10 14, and is capabl e of noving
the waf er SWRPO TL A7 g2t WHBTt (BnsHPS&ppitepr Mat @ tafiong stide drive
retaini ng _t h%é%ggtsgﬂe [ %ga desired condition. The projection optical
syst em PL 51T & 9% /T L UG dh S Wedre h U 9)) dRN 1 plandpilicnéby
el enents guch | enses qr tical  conponents formed by _
rocessi ng si Inf%'jlcszatl]i as‘"’saib‘?rcgll cﬁig?ﬁ?]“ﬁb?‘faaé.loﬁﬁilsl r of e ®t5 G Opt P al
: t PLg' - é i tical t d, tel tri
system PL,hL$ @9y 4 -formn ptica stem ren%ere . telecentric on
both si desbor on ore S|rge§@t'o§°/a$dp¥ﬁ%e\%§¥&g WP A FHE TPl 9E i TRigRedn
the reticbe Rules Jsaduord anhag prolgered gnte a,5a0l (ealon on, the
waf er Wat given projection magni ?i _c'g ?gn 0 of iiﬂlflgr CtF§ U ion
exanpl e, dehrieughedhesRppl gehon Qnidcat BysLem Ebace 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 F, laser

25 beam {having the wavelength of 157 nm), the i-line from

a mercury lamp (having the wavelength of 365 nm), and the
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Here, this projection optical systemPL constitutes a |liquid

i mrersion optical systemto be used in the state 25 of filling the
given liquid 7 in a space defined with the wafer W I n ot her words,
this projection exposure 120 N Pl +04.505 appar atus adoptﬁnﬁpﬁy 0
liquid imersion method in order to virtually shorten an exposu?é
wavel ength and to inprove resolution. In the projection exposure
apparatus of the liquid imersion type, the liquid 7 fills a space
bet ween 5id¥&rface of the wafer Wand tip surface of an optical

el ement 4 exposed on the wafer Wside of the projection optical
system PL at | ed8F dftiify e hetepandpaicsf R ipatoerdidusge o6 bhe
reticle R ontq the %afe . W, _Pure water which is easily available in
| ar ge quaﬁﬁﬁ%ﬁ%ﬁ 811G SEH tbRdudtd RamuFderusing poaburer dihethike

quant ity SF gt 14 14 St FESERAPEr SR SEpocict o Shemidcal v,
fungfion C e rfa f, t wafer W Here, in the course of
expgiure,kgﬁlggﬁﬁéhgis%% F%?%Hqgﬁ EETth%Cﬁé?8Fa§F§iaé“%¢h?ﬂé58p¥?€al

el ement 47Q : Bl @p.ectian i gal. _syst PL is . configured to
cont act tﬁegk?ﬁédﬁgg%§elgh%hfggaﬂ§?éc%r%Skf%h%ghﬁlﬁ?ﬁgfoaeﬁgﬁ{SaOY

the |ensgharealish mdecaf Jw|tal, %saﬂijg\éggbﬁeg?erﬁ.gn%i?g??%é?&"e o

sectional side view for conceptua

the opticabtalcamenix:d mhidh tH Qtiudas: tamass the) vafer W of the,
projection optical systemPL used in this emnbodi nent.
in & direction of rotation around the optical axis AX.

10 Positions of the reticle R in terms of +he X direction,
the Ydirection, 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 bemore precise on the structure,
the wafer W is fixed onto a 2 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 positicn in a 2 direction
substantially parallel to the optical axis AX, and a tilt
angle thereof corresponding to that position. The Z stage
% is rixed 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
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As it is apparent fromFig. 25, the optical element 4 is fornmed by
establishing optical contact between a 25 substrate nenber 201 which
is the optical elenent made of calciumfluoride and an optical nenber
202 formed of a 121 NI PFO4-505 substrate nenmber nade of ﬁg%&f_gdsc
silica. In this projection optical systemPL, only the optit

menber 202 on the tip side of the optical elenment 4 contact the
liquid 7 which is pure water or the like, while the substrate 5
nenber 20PRtdcR by Ftenee hack aloebngot stictectdgt cxomtaehe Wheeki ui d
7. The reason why the tip of the projection optical systemPL is
cover ed wefif e Bpt | dErgveregiboonsiaft hae Thetapti ealnet ermst o4
made of CE: ciymfluoride has slight solubility in the liquid 7 which
is pure %ordyBe e haopi kdheade ot aigt o0t hendpttiheald imsntiet 0 208 £
made of synthetic silica having high water resistance is provided
for prot ef%’iq:r‘%%ch% ot FER ST eerft tE 2 WWidie Ry apreFableembero2022i s

t g ned fi xed the apti cal t 4b f _the opti cal
contaot, 185399 UECERr YR nePdRed baid sPYendt HBEPROCIEERE

tical el i cal 202 so that the optical
menbor 203 1S Hot” TSP ghod To L7 et Sh S PR S REORe (AP Bfren

4. For thig e 85L& ﬁlphgogogtzi.ng film 203 made of an oxide is
formed on a surface of the 20 side of the substrate nenber 201 of the

optical elenmentrnd ugeekf okrthe optigal s‘iﬂﬂleﬁ}f?t 150% £ he %E’%"treé‘afg’
no coating filmis forned on a surface of the side of the
response Tto a control signal from the main control system
10 14,andiscmpableofnmvingthewaferW%x>atargetposition
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 compcnents 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 B 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 liguid 7 in a space defined with the

wafer W. In other words, this projection exposure
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optical nenber 202 used for the optical contact. As described above,
t he bond strength between the substrate 25 nenber 201 and the opti cal
menber 202 of the optical elenent 4 is enhanced by interposing the
coating film 203 122 NI PP04.505 between the substrate nemperodhk
and the optical nmenber 202. The reason why the bond strength between
the substrate nenber 201 and the optical nenber 202 of the 5
optical elenent 4 |§%fnhanced be briefly described bel ow. As

di scl osed®*PR3F: Pt BNED ?w&ﬂﬁ%%?|%mme£§ﬂanC$ehheﬂzéﬂt@rﬁ@r Eei
9-221342 giPt%_%%}34 A% surface rou%hness of a conposition surface
i s known as a %a BEaf PeEFROPHE ChYAY St EHgt P Ih thel BptPEal
10 cont ac it nomn that _a chem factor

al so has gn i nf ulgcgl%e |Inﬁ a(i{de ﬁj%njl% e Y akee ?%@ﬁﬁ£§§ P% the
case of t LA A te e Y t f [esent i.nvention
has foundmgggﬁzdhg?ﬁﬁt |s&gotsysl? Elﬂat gqe léin?e @Ee Eon"SS ng e &5 EHyeR
bet ween taes%&tz%déltr@fl@h@ema%re#% e?rft‘lj t16 optiGal e e %{ %Slfzh Wi ch

e

collectively constitute the optical elenent 4 at

proj ect i oalepidmald syssesPlonbyneontrek! ing 1%1@0%@ th@%ﬁ?dﬁfﬂécéﬁgﬁ or..
In the conventional optical contact anong oxide 20 optical

mat eri al spphydraoxysy gt empPI( -3H) 1exkst dur iighndenshhyrar kot hyf
t he surfaces used for bonding. Accordingly, it is conceivable that
coval ent bendierp image of the reticle Ronto the wafer W. Pure water
which is easily available in large gquantity at a
10 semiconductor manufacturing plant or the like is used as
the ligquid 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 cenfigured to contact the
ligquid 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 i1s 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
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attri butable to hydrogen bondi ng or dehydrative condensation occurs
when closely attaching these surfaces 25 to each other, which brings
about firmbond. Meanwhile, in terns of the optical elenent 4 of
this enbodi ment, a 123 NI PF04.505 surface of a fluoride %
specifically) constituting the substrate nmenber 201 of th%‘%@gl

el ement 4 has |ow density of hydroxyl groups as conpared to a
surface of an oxide. Therefore, it is conceivable that it is

di ffi cul t sSBbedrebitai nemibem boadeeveh wherthdwe & | yaniide i s ahosehys
attached to the optical nenber 202 wi thout any treatnent.

Accor di ngP¥§oJ&cdufdn cirdntcahouratal Fydoody theoopsiase ménbeedaced
to the conposition surface by coating the fluoride surface of the
subst r at eCfrerbert B0 Fiwie Rt hée 1P ebad i reg g mi 208omade tot hanl i te.

In this y,.i.t is possible to achieve firmoptical contact between
the substribéRenzorP®de HAGSThe ottt atikenbwhi2e2 thFo siwbs tozke
preci se, the thi oating fil.m 203 nade of silicon  dioxide (Si02) is
uni Por m y"d8p8Si 233 gr‘?ct ‘%d’d&t Pt ffre ™ 20 Figie aisky gfontrct
vacuum va ition nethod. _Mreover., since the coating film 203
made of s?ﬁ%cg?\i%%}%xﬁde i efro‘?ﬁ%no‘ﬁh%éh?uﬁé?r Stfe e DAt helde
of calci : ri . t vacuum,vapor deposifion . nethod,
it is posg%ﬁlg%?osgﬁsﬁ)gnresﬁftlﬁ% cggjgeurrer(%r‘{qclre%%f ct aoéﬁguﬁ)f JFeReT 14%2 on

the coatipg ﬁy‘lgm@g@.op@g@ai%léﬁ@ﬁ? 4 ﬁad%%;%éf&@ﬁm .ﬁg£§§§q}fhﬁ

between the thernal expansion coefficient of calciumTfTuori
the thernplLigxpaBsil@bility in the liquid 7 which is pure water or

10 the like. Accordingly, the optical member 202 made of
synthetic silica.having'high.water'resistancejjsprovided

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
Tilm 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
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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 film203 is fornmed on the
heated substrate menber 124 NI PF04-505 201 and then theseuprps-505
constituents are cooled down to a room tenperature. Incidenta??y,
when a fluoride filmis formed on silica, cracks are likely to occur
on the fihg& ecause there is a large difference in the thermal 5
expansi on CoefTicient (& iFB?FﬁapémgaﬁhQQ%wﬁﬂd(ﬁhecﬂﬁﬁkmehcm&mber
therebetwggn. Fig. 26 to Fig. 29 are views for briefly explaining a
manuf acturing process for the optical elenment 4 shown in Fig. 25.

Firstly, as showpein, El 26 he_substrate 10 nenber 201 being the
optical el ement hgvingggoaiv%%&op¥$%aﬁb°%%rf%EEe%ﬁﬁhiéb%FEBSPedtb?

processi ngugalteiate fhaekkde s ot Cak Th ; shown in Fig. 27, a
Sic2 layer is deposited on the(igiﬁ%ﬁ §€F%§%% I il%éﬁéﬁfihﬁethe

subst r at eopedher) 20ndher£bysf ORLAgthg 169ating film 203, 15.1n
this way, it is possible to prepare tﬁe sﬁbst%gt%ﬁ%f r é%&ﬂ?ﬁ%%?ng

the coatihglbil.m 283. HhsthoSeeASen itapsncPOSTH &t 0 LM Lhe;
hi gh-density coating film 203 having a hi%h degree of%ﬁﬁ%&ﬁ%ﬁ??%

the substbaté-fpmber Ga@kthye Nse dlei he-vaciyym vaper 9599%%50%)
met hod. Next, as shown 20 in Fig. 28, the optical nmenber 202 havihg a

gi ven opt eaF aceuirbacdieass isf pr epareds byi pf 06es5: 88 SYNERELLCasilica
(SS®) . Lastly, as shown in Fig. 29, the substrate nenber
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 Lo each other, which brings about firm bond. Meanwhile,

in terms of the optical element 4 of this embodiment, a
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201 and the optical nenber 202 are attached to each other to form
the optical contact between a surface OS3 of the 25 coating film 203
on the substrate nenber 203 and the optical surface 0S2 of the
optical nenber 202. The optical 125 N PF04-505 el enent 4.i
finished accordingly. In a concrete exanple of fabricati on,m?ﬁg‘%%
optical surface OSI on the outgoing side of calciumfluoride (CaF2)
constituting the substrate nenber 201 of the optical 5 elenent 4 is

forned i nsorfptanaf sufiaceidkurcher,, tbecisuhsirafe é@ﬁgﬂe{ltgg% is
heated at the tinme of film formation by vacuum deposition, and th

coating fithm 20®styizte oremer 2@l fdf ratichiopkniessl efl et ﬂ@ia&ﬁuow
Meanwhile, in terns of the optical nenber 202, a synthetic silica 10
subst r at e Gegt Fidryret ity @k phraif deh s (i atcwiad eg o o buckress odf ah
mm Thereafter, an optical contact surface of the substrate nenber
201 and aR*dptd calTharrERFe st dcte copiceivenluin itded t iebera 2021 ofilthe
optlga el erreég% 4 ar% attached and joined to each other w thout

usi iy an &@hédiRIM 18 ¥Rebongd e¥per i"‘fl}'f’@rﬂ Weecfivedivd o i sleaertied
out to c¢ flr en 0 theotl tact. of the optical

el ement 4%{Ehusrpf Cgrjr:ed%%pgé’l & ?m %@ waFﬁﬁ’s}irn %?éin%e §5rent -t he
wavel engt fo pmis sured vmth a ul t ravi ol et

spect rophgxt g:nelﬂtg\}“?o ev%l UH?% ERE SpEeAl %M#E%%% Pforpe are
optical el gt e MLROVEL . %&ﬁﬂggfgiéﬁagd§§% I C%@Qé?%f“%hgy

use of a high-precision univers

fluoride surface of the substrate member 201 with the

10 coating film 203 made of an oxide. 1In 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 £ilm 203 made of silicon
dioxide (5i0;) 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 1is formed on the substrate member 201 made of
calcium fluoride by use of the wvacuum vapor deposition
method, it is possible to suppress the occurrence of cracks

20 or the like on the coating film 203. That is, Tthere is
not a iarge difference between the thermal expansion
coefficient of calcium fluoride and the thermal expansion
coefficlient of silicon dioxide. Accordingly, it is
possible to prevent occurrence of cracks or persistence

25 of pressure distortion on the coating £ilm 203 when the

coating £ilm 203 is formed on the heated substrate member
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material testing machine in order to evaluate the strength of the
optical element 4. Here, in the tension |load test, 25 a tension | oad
is applied in the direction of tearing the optical nenber 202 off
the substrate nmenber 201 of the 126 NI PF04.505 optical eb@%ﬁﬁ% 4
or in other words, a tension load in the perpendicul ar di ‘ ﬁ0§o
the optical contact surfaces. The value of the |oad consuned to
detach the optical nenber 202 is defined as a detachnent | oad 5

(Kgf / cn®) 20Homnchd heur rhse cot commianiaons anotdar] & WSk ate snepber
201 without the coating film=203 is prepared and a conparative
sanpl e i s He@HRitR BYreubj eEnfagentthild ysubsheat ea nefthesr 204 amdi i he s
optical nenber 202 directly to the optical contact. Results are show
in Table TPFTEH&QHELYTedl ecDjcHranshi L1ty Dot achmenbnl oad (%
(Kgf/cer)b Exanpl e %g th Si02 91.5 31.8 |ayer) Conparative Exanple
91.5 10. 3°GRAYHOU P S FayeRr) Mar9e iod inrerpe iim Tabke Shshown

above, th tical ele t. 4 of this enbodi nent (Exanple: with the
SiOf$laye%fﬁp]5%1%%veF8g%gﬁﬁé?QﬁsI RRraftiagetaychiet se¥eéayt hods

the 15 opty. t.pf the . conparative sanple (Conparative
Exanpl e: vt?nl?ﬁéoeufélfﬁgps?: ﬁrleg)?é:r"d)e concer ni ng the opti cal

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 givén optical
surface 081 is prepared by processing calcium fiuoride

(CaFs) . Then, as shown in Fig. 27, a S$i0, layer is
deposited on the optical surface 0S1 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 052 is prepared by processing synthetic silica

(si02) . 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 083 of the

25 coating f£ilm 203 on the substrate member 203 and the

optical surface 0S2 of the optical member 202. The optical

125



contact. It is also apparent that a loss in light intensity
concerning the exposure |ight wavel ength is al nost equal between
these optical elenents. 20 Back to Fig. 1, the liquid circul ation
device 127 NI PF04-505 includes a liquid supply device 5 qﬂ?Féﬁﬁoa
liquid recovery device 6. O these devices, the liquid supply device
5 includes a tank for the liquid 7, a booster punp (not shown) , a
tenperature control device, and the like. The liquid 5 supply device
5 suppl i eSlEHERenbet at Gilaiched ddeardirguyd 7 into a space between
the wafer Wand_the tip portion of the optical elenent 4 through a
suppl y tube 21 dRd2aRorExedistesrinple ofafahmamattilcs, ttiee | opbidal
recovery device $ i,nclydes a tank for the liquid 7, a suction punp,
10 and thé‘ﬁriﬁéece Fé PR Ut CPEGA &Y Sddei o @ kasy Elaiamiae |(Cadlzd 7
in the sp et n the. wafer and the tip portion_ of the optical
el enent 4%%%?%&9%?%? cOVET ys‘tﬂﬁ%\ér? eaﬁ?nemk?%falgé)lno%’él @%1323%%2@32%.
The # enpe f,thediquid. 7 circulated b he liquid circulation
devi%:e isEgtg!tﬂ{et%o@l%aguglﬁr}%c?ajﬂv t%éc}isaé}‘?ercF Cas ?lFl‘érY]éﬁﬁerEPHre
inside agghamertd npuhi¢h hhes {OJi%gﬁﬂeeo%%%pg%urt%eapgar at us 0£H1§ﬁh| S

enbodi ment i s housed, for exanple. refract rve©i idex

pur e WatePfo&nfaQJiaiﬂ\kﬂft\ﬁé@:ihrﬁ”@ﬁ&éfti{nh?géxigégﬁé h%egﬁg )ﬁﬁ@%‘e%gt h

around 200 nmis 20 approxinmatel’y equa _ Xcimer
| aser beats Baviveg Ehea\l\@yﬁheﬂglbkﬁés%9§f%éﬁttf@rrﬁﬁgz%é%fﬁepy

1/n times on the wafer Wor is virtually reduced to 1

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 +*o
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 oxder 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
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nm In this way, it is possible to achieve high resolution. 25 Fig.
3 is a plan view show ng positional relations concerning the X
direction anong the exhaust nozzle 2la 128 N PF04.505 and the

i ntake nozzles 23a and 23b of Fig. 1, and Fig. 4 is a plaﬁﬂﬁkﬁ%@
showi ng positional relations concerning the Y direction anong t %
exhaust nozzle 21a and the intake nozzles 23a and 23b of Fig. 1. 5
As shown in Fig. 3, a first exhaust nozzle 2la having an el ongated
tip portiUntiSadi §PEFERT f 4 I ¢ ddtkerivnrdsp asttosdamdwicay adip
portion 4t of the optical elenment 4 which is an object |ens of

spot | i ght“0F t%%r%?’gﬁéepil&ﬁ gptiecdi gy stteom thed apsécmrid exhausit
nozzle 2 ing an,10 elqngated tip portion is disposed in the -X
directi oﬁsup%ce:ge’fi Fé? IR Beddnd Mk HERRY. FHoRIBSIoER dr@azle e
connect e : | ot d s y .devi,ce,5 through first and second
suppl y tSﬁigléggaﬁ%ggégrrgg%%cfﬁbeﬁ Elﬁﬁgnmﬂﬁléf dg tagihmett £ jLosd

i nt gke no 3a_havi S ad_1] portions are disposed in the
+X direct?%%giggag to gg%dw?%% PEEB?%% pB%ti%ﬂmﬂﬂeroPhe gpeitdar

el ement uiget: acBaimemtdy Se0aNY, { M AKe. Rorzl & 208, having, sppgad Lip

portions are disposed in the -X direction. ese carrd

i ntake nqnzdesr@daa@dth Sbhp e €ORDeCRh 4 Q 4 gsrlm'e%gbgngglaifea%%\i%rgy

device 6 through first and second recovery tul _ ( _
respecti valys Bhes e svahenbWh £ MDVEHaStenM §8thRa8 didRsLi0R g,

directly to the optical contact. Results are show in Table

10 9 below.

{Table 9)
Transmittance |Detachment loag ;
(%) (Kgf/cm?) |

Example (with Si10. 91.5 31.8

layer)

Comparative Example 91.5 10.3

(without S10; layer)

As it is apparent in Table 9 shown above, the optical
element4|thhisembodiment(Example:withtheSioglayer)

has several times as large anti-detachment strength as the

15 optical element of the comparative sample (Comparative
Example: without the S$i0:; 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
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(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 elenment 4 and the wafer W through the first supply tube
21 and the first exhaust 129 NI PF04.505 nozzle 2la. At tQﬁPﬁﬁﬂﬁm
time, the liquid 7 supplied to the space between the tip portion 4A
of the optical elenent 4 and the wafer Wis recovered through the
second recovery tube 24 and the second intake nozzles 24a. On the

ot her 5 haRElufieh a hbklaatdr swpbd yndead cst épwirse & i iayudid ecé tofe it he
+X directiog} of an arrow 26A indicated with a dot line, the liquid
7 is suppFedd %% & he Ypddesrtdpehacere theplionticorwdf déeiopt beal
el enment 4 .an %Qe maéer Yg throqgh the second supply tube 22 and the
second exHATSTUARP Roz31E P2 thai T Held dhreatigns teh@Unmnd t7ssoppl i ed

to the spagg between the tip portign 4A of the optical element 4
and the waf e Wi's ?‘éré%v%?]é!& Pﬁr 86dH “Ere 3MF sth e dcker y Thaibbi@Bidnd
the £irst i | 3a, As.sh in Fig. 4, t hird exhaust
ol ¢ 273 REing “Ae G & OAGRPA T pLpBr  FORPFESBREoSRn Frot hedry
di ti i SQ 13871 i ' ti 4A of .th tical .

ol orent 1 BT & o o eanaier oo PR RAd Rot P ongi s en

porti on | ediaRosedin i e swedl rechiAhgThesg ibl £ d. and o1 oHESN,

exhaust nozzles 27a and 28a are connected to iquid s%%
device 5 bhh@h@’cthbtz@l@“Z’ﬁ@UrthMéHBQhMlet,Ubgﬁez?lﬁE'x?ig& ecover
zz ib %aV|%g

respectively. Meanwhile, a pair of third intake no
spread ti pepdrtd 6nsnafladaissposedlk for the liguid 7, a suction punp,
10 and the like. The liquid recovery device 6 recovers the
liquid?:hathespacebetweenthewaf&rwandthetipportion
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 1is
20 approxXximately 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 1s a plan view showing positional relations

concerning the X direction among the exhaust nozzle 21a
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in the +Y direction so as to sandwich the tip portion 4A of the
optical elenment 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 N PF04.505 30a arel\ggg@g&éfed
to the liquid recovery device 6 through third and fourth r

tubes 29 and 30, respectively. Wien the wafer Wis noved stepwi se in
the Y directions, it is simlar to the above-described stepwise 5
noverent iaRd HéeX ditekeinnzzlSpe2Bhi ealll g3bt bé Figui d,7ah8 Fig. 4

di scharged fromthe correspondi ng nozzle out of the third and fourth
nozzl es 27& &kl 2B IBW Shicdmangoehe ivmald rednd ibowr thnsepplind Uhes
27 and 28. At  the sane tine, the |liquid 7 is aspirated through the
correspondi Mg REF1oF aBOREzEREs bR ST e 21e rdl armhd ouiné hinhaake
nozzl es 29aaﬁi 3?3 by swi_itching the third and fourth recovery tubes
29 and 30:°°%r® aa\éﬁgt “or ©°F thed nokzl es 23a to 30a configured

(°GTHTELY " SCUR R G, T AL, Ehg A8 et on, e
nozeles @ pplyia e geepyes 19 dheoligy g sl ong pPLLdVE
Cont ol stonal 18 PR ve meeRaR S PRcorpof ot 80 THCLFL TRETEre
st age dEVMC%hR$I1QQﬁa%h%%%@kﬂﬁﬂEﬂéld?”gﬂgkffﬁﬁt 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 2la and 22a are
connected to the liquid supply device 5 through first and
second supply tubes 21 and 22, respectively. Meanwhile,
a palr of first intake nozzles 23a having spread tip
15 portions are disposed in the +X direction so as £o 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 ligquid
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 tc 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
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reticle stage. At this tinme, the positions in terns of the X
direction, the Y direction, and the direction of 25 rotation of the
reticle R are neasured with the wunillustrated reticle |aser
interferoneter. 131 NI PFO4-505 Mbreover, the main control N§]§{§64eg8514
adjusts a focal position and a tilt angle of the wafer Wby
transmtting a control signal to the wafer stage drive nechani sm 15
and finely noving the Z stage 9 through the wafer stage drive 5
syst em 15RORZRMH I, thie bie¢ nseoat tdhesyshemllidrad) ustsupgheed to
positions in terns of the X direction, the Y direction, and the
di recti ontér FBR&EI bAtBEenheh evdfier Py ont 4Arshihei iyt Acsdrd Yahent
signal to. the V\@{her sfage drive nechanism 15 and finely noving the
XY stage POPRArOAGH'@HRT ThiRaFefo¥rsge BREQEISyERemamnAIradhgety e,
t he positito S, i4n tng{]r{g]feof the X direction, the Y direction, and the
di rection r 6tafi 57 ARt SRS SRRk EP et i t IR Hehe vt e
| aser int r ongt . At .the tinme of exposure, the nain control
s st%em 14?1El ’sremqueglti?%?lwaﬁ%{?eg &8s 83?%5%5%‘9% Torfs birF ¢ FHel olaf er
V\)l t i o rt . by t it trol
stepw s tQ axpQesitd on; exposure snitting a contro
si gnal to?t e waXPer SAI agjég %iég %IQS%%XTSEE d L AGHGA t"ﬁet%(\fa stge
10 wi th thenwaf em St:age, d§i ye; syst % . yppecifical ly, an operation
for exposing the pattern 20 i mage %‘m% g th ;E%Iees 51 (])Det%ee‘%?%f&ew
I's repeat @Qﬁ' BoraGic decer Wk b é}ggi?tagpegg naPeat pthod., d f. L he
course of the exposure as well as before an
through the second supply tube 22 and the second exhaust
10 nozzle 22a. At the same time, the liguid 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
S0 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 ligquid 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 29%a and
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after the exposure, the main control system 14 appropriately
operates the liquid circulation device 25 including the Iiquid supply
device 5 and the liquid recovery device 6, thereby controlling an
anount of supply 132 NI PF04-505 and an anmpount of recover¥H§$0$
liquid 7 to fill the space between a |lower end of the projéction
optical systemPL and the wafer Win the course of novenent of the
wafer W As shown in Fig. 5, when the wafer Wis traveling in the 5
X direct 8% arengorhecdrabworbhe 1 bgueédanpteyetriyedkirgieds ﬁhs@@@hled
fromthe first exhaust nozzle 2la flows in the direction (the -

di r ect i onfFrErhgrat oW 2BA zarP Yoy ridcovera® dnd t3He mmbtmakg
nozzl es 23a and 23b. In order to maintain a constant anmount of the
liquid 7 to filFhen theespecebetvedn thevept isadpwebenent 4handtthe
wafer W in th our se, of, anenEnt of the wafer W an anount of

suppl y lefr%:e%])O%%d gn 1gnduf - 6f F%M@@?Wﬁ@@@l%@dtm@wwed

re set e uaI Mor e r, order, to avoi d excessive
|nsﬁff|0|@ﬁ %ﬂ%ﬂﬁn%ﬂ(aﬁ? aﬁéqqgﬁﬁqf'7 %?qQR%ﬂc%h%Mntthg bfaehe

anount of7Sygph¥S¥hé¥HL&rﬁiéﬂn¥ﬂE(for£§%8¥%% &9’%?36%g2€uqug 9?7 i's

adj usted based on a traveling spee

waf er W FEer exapsl f@uT:Eﬁdp@iTPPQE 0f ﬁkﬁ@pi é’a\l%y ?HQEF&%H%H?F%{%| R

recovery Vo of the liquid 7 are calculated b n

1. 20 Vi =aMe=rbve thlk ugaye, @H@%ﬁ%ﬁ Q'Baneh%rtl(ag) Q&Let{‘fm 'pthe

portion 4A of the optical elenent 4. Meanwhile, v denotes
liquid 7 is aspirated through the corresponding pair of

10 nozzles out of the third and fourth intake nozzles 29%a and
30a by switching the third and fourth recovery tubes 29
and 30,
Here, in addition to the nozzles 23a toc 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.
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traveling speed (nm's) of the wafer Won 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 stepw se novenent of the
XY stage 10, and is able to 133 NIPFO4-505 fill the Iiquingpiod-ghst he
space between the optical element 4 and the wafer Wconstantly 1n
the stable state by calculating the anbunt of supply Vi and the
amount of recovery Vo of the liquid 7 based on the formula 1 5
correspondi ng t¥C¥REVETrephSendbRcrrintr o Syt ofy 1st agd ubks aBfocal
controlling amount of supply Vi and the amount of recovery Vo of the
liquid 7 Bgsdésw}t?ébda?o T jgngke goddieiwafer g dverftrarmni t gind 7
fron1|eakiq9 og%o f the_ .optical elenment and to prevent the optical

menber 202 AR 10CrhE PR loF Ot HE® SR TR IS TS ERE VA Prehepdisty LSoakad
inthe Iliquid.7 or di.hgl it ossible to prevent corrosion
Iof t he optkﬁggﬁyepg'r%e%%igr %Ihae?\éyaglﬁgﬁlego h?%i&*g OB}E‘FC‘E?E%Bn?B%QQVW?i‘I’F he
t iscal , her.: .otain,.th f th
ot leal oF e 4 syolepsh Y ol MBL BORLET BREEBRP i test ey

i s possi bkRetgoskeduee iﬂecc{]%rgﬂ%t@;‘e}{e% d&%@cgc -%,n%h%fytoﬁgreg %O%chg's

elenment 4 and to maintain roughput i ~exposur

on the wakes Wenkvestivaldtiont 486 passiPlent o ef figient
manuf acture end products in high quality. ? %0 T%e for%g%anW by

expl anat i bpanetalesid® &heoaase 10fs gnd N0 & henwalak W ist e ive
directions. It is also
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 tc 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. BSpecifically, an cperation 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

26 including the liguid supply device 5 and the liquid

recovery device 6, thereby controlling an amount of supply
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possible to maintain the amount of the liquid 7 between the optical
el ement 4 and the wafer Wstably by performng simlar control in
the case of noving the wafer Win the 25 Y directions as well. Here,
it is preferable to adjust the working distance 134 NIPFC%H?EQ_&% of
the projection optical system PL as narrow as possible in"0 i 0
retain the liquid 7 stably between the optical elenent 4 and the
wafer W The working distance d of the projection optical system PL
is set toaasoan amonntf of ré&cexanplef the iltqus cppes il f koM tBece
above description, the projection exposure apparatus of this

enbodi nenPedpiRsesa ioeepr ohdcrifothepbiredle chyisirem Pt 1 AT 0f POE ahi PG
the optical _elenment 4 having high optical transm ttance, which

syst em 103°& SBEaMRd R Dy fiy fhy Felmissy offhmoypiesdl o] ientadet-ont he
opti cal mlarrbezl;1 202 ]3%/ the excel lent optical contact. In_ this way, it
i s possi bFE £EYPE 0t i the BxposeR et e gtater Wiisheravelinoi Anekbion
type. whi ch.can_mai.ntain .t he high erfqrmance over a |long period of
t] ngf’ 15 Aft h3agh e sricstht qgen\%rgftoi"bgf’ﬁasfﬁéeﬂxaﬁgéﬁirb Be 1hawédns

o oo Tobbeiudd 4 e 0L SR AP Seeat o e oL
rocsl e SRS AP UE PRI AaRh, U GRS S0t )
and the |ikeovdisi@agyotngabekdmd heride fepengl ngs on, fhe,ugvel epgth
order to maintain a constant amount of the liquid 7 to fill
10 the space between the optical element 4 and the wafer W
inthecourseofnmvementofthewaferw,anamountofsupply
Vi (m®/s) and an amount of recovery Vo (m®/s) of the liquid
7 are set equal. Moreover, in order to avoid excessive
or insufficient circulation of the ligquid 7, a total amount
15 of the amount of supply Vi and the amount of recovery Vo
of the ligquid 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
ligquid 7 are calculated by the following formula 1.
20 Vi= Vo= D-v-d (1)
Here, D denotes a diameter {(m) of the tip portion
4A of the optical element 4, Meanwhile, v denctes the
traveling speed (m/s) of the wafer W on the XY stage 10
and d denotes a working distance {m) of the projection
26 optical system PL. The main control system 14 controls

the stepwise movement of the XY stage 10, and is able to
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used therein. Meanwhile, as for the material of the coating film 203
of the optical elenent 4, it is possible to use alum num 25 oxide
(A1203) and the like instead of silicon dioxide (Si Q) depending on

t he wavel ength used therein. Here, the 135 NI PF04-505 co é@& film
203 is not linted to a single-layer filmand it is also gﬁ ¥ to
formthe coating film 203 by depositing two or nore different types
of films. Nevertheless, it is possible to forman oxide filmsuch 5
as silicofidiloxheel agutbe? aut ehsbalcayBe twibanvhil §pt 88af 0L Lhent
material of the optical nmenber 202, it is possible to use sapphire

i nst ead of sindcihedepeiding onohheanalgl engt hhesedk 4hee eigtadd b
addi tion, the optical nenber 202 may be fornmed by depositing a tﬁin
10 fil m of3diquiddninly okl ge S 0Y) of shepliké’ onaadsuhkaceowit of
fluoride glass or the |ike. Meanwhile, the shapes of the substrate
nmenber 201°CEYE theVBptd Ealthfenbéru2d2 bf belsedpoicdlhel doeniilh alte
not Jlimted_those described in this enbodinent. For 15 exanple, the
sur Paces GPTERER RGt rBfpRFePUisgrEovRBeNGpR f ddie M¥nBERIR20R0 ar e
not IirritEd to fIatHs‘urfaces, d is possible to apply various

curved sur Vacceosn%ﬁ?/_ y"d _a\%"_r"?%nyoéf tsd-i;ﬁ’ uVé. amst ebber arovnthi ef
orhod! Tenkec bR, A LAE00: LY U8 f0a( 9 0 JLATI SyLonpm on Lhe.
Instead, LbskSble 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 scaked in the
ligquid 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 & 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.

20 The foregoing explanation relates to the case of
moving the wafer W in the XX directions. It is also
possible to maintain the amount of the ligquid 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
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possible to use other filmform ng methods including the ion beam
assi sted vapor deposition nethod, the gas cluster ion beam assisted
vapor deposition nethod, the ion plating 25 nethod, the ion beam
sputtering method, the nagnetron sputtering nethod, the bil\ﬁ?FOa} 05
sputtering nmethod, the ECR 136 N PF04-505 sputtering method, RF
sputtering nmethod, the thermal CVD nethod, the plasm enhanced CVD
nmet hod, and the photo CVD nethod. Further, the clearance between the
tip porti &nPHADR %Péfoler%th‘b&llod%ﬂl@b@éfrﬂt&m Bhda$ marsand acepobstihae
wafer W i.s entirely filled with the liquid 7 in this enbodinent.

| nst ead, it PEAGIT BDpB%E?bPetlil% bt pose tebd ¥ beivg erpaiei abtycii
this clear nee. Al tho pure water is used as the liquid 7 in this
10 embodi Fert*the Iaincfg t&“ﬁ Yaf&r Mi-ni £88 Uﬁffﬂfltn@ fhé tedree dnatfethel t

I th d h d |
5 2h PRS0y USE VBT AL U8, (uch a5 oedan obL).

staly e against,itde photoreS| st with which the projection optical
system and 15 the surface of the wafer were coated. Here, vvhen a F2

laser beamis nsedtas st BQRXRASUN £ b4 IPhDERM, J 1y efsscxfﬁgﬁ_s a‘éég

use a fluorinated liquid that allows transm ssion

(t;;aiamoc;as t e diidpi thorf . estedn Ae f E%}Qété]@ﬁ%%f'ﬂl‘ﬂi‘% derﬁ@é(dﬁﬁeifn]cu%%%f%gd

per f 1 uor opol yet her (PFP 20 for exanple. NMoreover e

| ayout andhtsheragebeniocef opbecB0zZ)€6em 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 (BaF;}, magnesium flucride (MgF:), 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 (A1l:03}) and the like instead of silicon dioxide (Si0;)

depending on the wavelength used therein. Here, the
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and the like in this enbodi nent are shown nerely as an exanple. It
is therefore possible to change the | ayout and the nunber of the
nozzl es as appropriate so as to 25 correspond to the size, the
traveling speed, and other factors of the wafer W 137 NE&@%%&%%E
(Embodi nent 17) Next, a projection exposure apparatus of t
17 will be described wth reference to the acconpanyi ng draw ngs.
Fig. 30 is a front view showing a lower part 5 of a projection
optical sy8f&AnBLAL1lMh20Bi uind sapplitedevi sesmglbelhiygui gi1g/cOVEry
device 6, and the |ike of the projection exposure apparatus applying
the steptand-Sscahshetdfors beter diongfeonErndhedi oeat 143, Ailms20B0 He
noted that an XYZ orthogonal coordinate systemas 10 illustrated in
Fig. 1 wifFPBELEERTUp GWP t I f 19w it £ BRpRakat tomesand fpoditimnal
rel ations of rg pﬁptive . menbers will be described with reference to
this XYz “ofth 3‘8 &° Sooridi FatRP $55h b tPnfpERnBRopxide X¥An such
ort hogonal _c di_ nate, system an axis and a Y axis are 15 set
pargllel %% ggééFé?IV% *ieaa? 5§Fs°P§gﬁﬂpﬁ?1%%%@rorthogona

cirection Lo (heaBe I Jg dhe S0, o hoggnal coordi et exstem i
Vor cover 15 {R 20 deQer s Bl For tbotter RERE REG, 45 EBRSPEL BN
this embogsERAL nWhoeh 1ML AR L6840 195 LROBR R HNe REOLRGHIAN,
the optical member 202 may be formed by depositing a thin
10 film of silicon dioxide (Si0;) or the like on a surface
cf 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 (3102) 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
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exposure apparatus of Enbodinment 1 are designated by the sane
reference nunerals. In this projection exposure apparatus, a 25
transm ssive optical elenent 32 at the bottomend of a lens barrel
3A of the projection optical system PLA includes 138 NIPE§§%52%05a
tip portion 32A, which is reduced into a rectangl e having

| ongi tudi nal edge in the Y direction (a non-scanning direction)
whil e |l eaving only a necessary part for scanning exposure. At the
tinme of stwhtaglegpvsthed,pahte BFobpatpettierg menagel ofthe reldvelE
(not shown) is projected on a rectangular exposure region

i mredi at FY0 et Bwdhethé plpons i orh82Acdrcthenancfed, \Wisd dethe Wiaitd he
reticle (not shown) travels in the -X direction (or in the +X
directi offVD aehhgfeed V, the wafer Wtravels 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 th&Yd}%ct i ORe nEgREEGESE PATCHIDNOERE yEipwpblrtiegpeld to

the.projection optjical .system PL Then, after conpl eting exposure
on bne shbt ﬁéﬁi‘gﬂ%:‘fzﬁé ﬁjv?lmeé'ﬁfot a]"é‘gi@he novesacs afs&aeniviad et &t t
position i he. fer, Wstepw se., Thereafter, the.
respectiﬁgys d?ipg% igﬁé§5?2w%58uE§Fi FﬂylguﬁjéBtgél?oe@988§ﬂﬁ€ﬁ-n
accor danc 1 th tep- - SC od.. This,enbodi nrent applies. the
transnis§§3%t%%?fc§f$ g?e%@%f)3@?3%?%EeigxéiﬁPF§FHﬂ§iré}?r S *ssi ve
el ement ﬁg&g&g§§?hghgth%k;9§gga£gnggpodlnent 1. Specifically, the

base material of e transm ssive optical elenment 32 is

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 liguids
{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
16 the surface of the wafer were coated. Here, whena F; laser
beam is used as the exposure light beam, it is possible
to use a fluorinated ligquid that allows transmission of
the F; laser beam as the liquid 7. Such a fluorinated
liguidmaybe fluorinatedoil or perfluoropolyether (PFPE),

20 for example.

Moreover, the layout and the number of the nozzles
and the like in tThis 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.




made of calciumfluoride, and crystal orientation of the film
formng surface of the calciumfluoride elenent is defined as the
(111) plane. Mreover, the magnesium 25 fluoride (MF2) filmFl and
the silicon dioxide (Si02) film F2 collectively serving a%ﬂgp5@_05
anti-dissolution filmare 139 NI PP04-505 forned at the tip pOF?IOﬂ
32A on the wafer Wside of the transm ssive optical elenent 32, or
the portion where the exposure |ight passes through, by use of the
vacuum vapémbtigeeiti éd)met hod. In addition, the silicon dioxide 5
(Si02) filmF3 is formed thereon by use of the wet film form ng

met hod. Meanwhi N@Xtyhe REMI QFLEPRTRIPE SLREFBPY Fdh tuer v rimbadinbet
metal anti-dissolution film (which also functions as the adhesion
reinforcing & i TReHPeA YithpepdgrERcturiadd 8z einpaRying

[ a _portion where the exposure

transm ssiyve optical el ene 6 32, or

li ght doeS Adt piss téﬁ%UQﬂ, *Hy2USECBE VAEYs SMAEM Dt e WoH. PRAT
ddigion, the siljc di_ oxi de. (S Q). fil 6 [ .as t

P otecti v 11 e F ) e S Tt o - At | SHPGSBl Uit bn FIEmIdeNe br BYEEH Ve
filmf - tisdi j [ tecti t t al

ant - di ssOLStian T 1T o Fathaat sk P RE LA o (el et TLfe of

anti - di ssghuti opLisldpd{de a&tgﬁﬁ&g&l utéﬁ)ﬁagég\[ﬁt Ega@?ﬂ’%ﬁe vep, £ilm

form ng net hod si mil taneousl or mat’ion of di 6%Fde

(Si02) filshedhartierecahhfetBbal 2@ cantirdiSsAMd oM LALLM Gthery |
anti-dissolution film F5 to be forned on the tapered surface 3%B of
the transfios®iev@ioted 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 systemn. 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 thewafer W. 1In the XYZ orthogonal
coordinate system in the drawing, an XY plane is actually
set to a parallel plane to a horizontal plane while the
7 axls is set in the vertical direction. Moreowver, 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
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optical elenment 32 has solubility to pure water equal to or below 2
ppt and packing density equal to or above 95% Moreover, nean

refl ectance of the anti-dissolution films 25 FI to F3 forned on t he
tip portion 32A of the transm ssive optical elenent 32 is 0t50
or bel ow 2% when an exit 140 NI PF04-505 angle of the exposure El'rght
beamis set to 50 degrees. The liquid i mersion nmethod is al so
applied to this Enbodinent 17 as simlar to Enbodi nent 1.

Accor di ngkytip @ddtgidn 324, Whs chhis sprabec détiveen at hec t £ A3 B 1857 Vg
optical 5 elenent 32 and the surface of the wafer Win the course of
scanni ng éxpeswricudinrelwadee ils (ded sdihectiiqui da honMyeEnvetng
supply and recovery of the liquid 7 are perforned by use of the

li qui d sufpFgcdeattle sibenke Heavingli @rdecoveryedesseey6, part for
respecti veI 10 Fi 31 is a_view show ngf positional relations anong
t he surfaég Wq re%pﬁﬁr”t’ﬁ%n @?At]aﬁd”t%ot aperBBisgreseesusep parthe
waf er Wsr e‘)i1 he tr.ansm ss ve opt.i el enent 32 in the

project i on optPga e§§1stlé“r?igﬁ_ﬁ &ngd =" stnoﬁozsi'1°éf§1 ad v gokrciadake

I fi d h
di T ect o S L8 I’ié’uﬁﬁe%%%u%”ﬁr@co%ﬁ%ﬁ Batheoedes rﬁemp
| ocat ed gBr‘tﬁ%n’f)é éhr‘? ELp Fogabgn 3%.3\ n% the tap tHeOt

surface 2B, which have t e el ongated rectangular ape
di recti onshak@)cepneeted; hadeyl aﬂyéét%ﬁpld %V ; %gzée*}féw n the
a 0

supply tube 21. Moreover, three exhaust nozz

on the -Xasi desptethe, ttﬁeﬂ@éfé@nw travels in the +X direction (or
10 in the -X direction) by use of the XY stage 10 at a speed
ofB-V’H3denotestheprojectionmagnitude)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 flucoride, and crystal orientation of the
film forming surface of the calcium flucride element is
defined as the (111} plane. Moreover, the magnesium
25 fluoride (MgF.) £ilm Fl and the silicon dioxide {5i0Q;) film

F2 collectively serving as the anti-disscolution film are
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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 i ntake nozzles 23a and 23b | ocated 25 on the -X side of the tip
portion 32A and the tapered surface 32B are connected to Eﬁgg%iﬂﬂid
recovery device 6 through 141 NI PF0O4-505 the recovery tube , and
two intake nozzles 24a and 24b |ocated on the +X side of the tip
portion 32A and the tapered surface 32B are connected to the liquid
recovery doFm&d & tHiroughe ther Feeovaty eubehedvaeWiénstie waf eheW
is noved in a scannijng direction (the -X direction) of an arrow

i ndi cat ed WA 3D T8 I8 hkcat Rleeerbrid ngn hdespahhing eRposutie

the liquid_suppl device 5 supplies the liquid 7 to the space
bet ween tﬁépqgﬁ?%xﬁ%q5ﬁ19%5§ WUy Bk Usgpefebhs urd aven3pEpof

the 10 tr 1.8Sive opti.cal . el epent .and the wafer Wthrough the
suppl y tu%gﬂgﬁiﬁﬁﬁ%hgﬁgz%ﬂEt ggzﬁéﬁé%ﬂ%nto .s#hécomcﬂékﬁlde
recavery i e rs. t I qui ichis s lied fr t he
| i qasi\/d sugg?iﬁZe\%lclg&?éteolst hfe]&?lb%(geu;%% \%eﬁg N HES iopéJB%’r@t Ko 3%21‘55

well as they eg. sypface 15 32B and the wafer W through the
recovery tube 23 and the intake nozzles 23a and 23b. In this case,

the liquid 7 fhowawanilhe oaf ecraﬁ/x\!éﬁurf.hgflfa% gkﬁﬁc%‘gﬁg@i ees\r/% eirt pe

space between the transm ssive optica ement 32 "w

s fi1! edawi thethethilgundi7d: 2 i ey olhar fandn whell e, Jel &1 W
is noved in a direction (the +X direction) of an arrow indicate
W th 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. 1In addition, the silicon
dioxide (Si0;) 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 filmis formed on the surface of themetal
anti-dissolution film {the anti-dissolution film) ¥5 by
the wet film forming method simultaneously with formation
of the silicon dioxide (Si0;) 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 eqgual to
or below 2 ppt and packing density equal to or above 95%.
Moreover, mean reflectance of the anti-dissolution films

25 F1 to F3 formed on the tip portion 324 of the transmissive

optical element 32 is egqual o or below 2% when an exit
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a chain doubl e-dashed line for perform ng the scanning exposure, the
liquid supply device 5 supplies the liquid 7 to the space between
the tip portion 32A of the 25 transm ssive optical elenent 32 and the
waf er Wthrough the supply tube 22 and the exhaust nozzl eﬁfﬁ&-éo‘%
22c. The 142 NIPF04.505 |liquid recovery device 6 recovers e
liquid 7, which is supplied fromthe liquid supply device 5 to the
space between the tip portion 32A and the wafer W through the
recovery eigd 24 hnthehexpasake Aozt eso@dm ands24btol 55 ddysesase,
the liquid 7 flows on the wafer Win the +X direction, whereby the
space between tHeettargifssnpersdpn nakthekenens182 apdltihe tafeniWis
filled wwth the liquid 7. In the neantinme, the anmount of supply Vi
(n8/s) and™PPS MR anbUntS of 1RééaVety VBPESEMSN Ofl £ hdddaudihglar e
cal cul at edajé% thg—{%‘-'ﬁ""i ng formula 2. (Formula 2) Vi= Vo= DSYvd
Here, DSYZdehdtd & 'enpt R SRACOP e a1 pRpdriaesmi 351 3emmiicak
optical e 32_i'n t%e % direction. Since DSY is preset, the
quuffd 7 g?ﬁ%y%éltfl %saI% et %a%%rggf:\‘ﬁegﬁ tgﬁew(?ﬁﬁrcﬂ 4 diehtCBer and
the wafer W stally; i é;ﬁ gourse scanni ng exposuyre hy cal cul ating
and adj usting t%he a%oun Oo? supp]r’ﬁy%?n w?ﬁﬁfs%saﬁl&et @Sar%%?“o uzd
recovery Yo 20Q{di/s) Ofsqu | g dy B%%g t{ﬁﬁ f ot mul,

Meanwhi | e, ‘when the waf er isyjm)vedrstcepvvl e%qun e 91qu1% 2’ 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 2la to 21c located
on the +X side of the tipportion 322 and the tapered surface
328, which have the elongated rectangular shapes in the
Y direction, are connected to the liquid supply device 5

20 throuch the supply tube 21. Moreover, three exhaust
nozzles 22a to 22c located on the -X side of the tip porticn
32A and the tapered surface 32R 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 322 and the tapered surface

32B are connected to the liquid recovery device 6 through
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Y direction, the liquid 7 is supplied and recovered along the Y
direction in accordance with the same nethod as that of Enbodi nent

1. 25 Fig. 32 is a view showing positional relations anong the tip
portion 32A of the transm ssive optical elenment 143 NIPFO%@%)@é %2
in the projection optical system PLA, and exhaust nozzles™as 3P as
i ntake nozzles in the Y direction. As shown in Fig. 32, when the
wafer Wis noved stepwise in the non-scanning direction (the -Y

di recti on}her tiesores v S-tloe the, scadnivg ditekesinnzzt Be bigquidg72hs
supplied and recovered by use of an exhaust nozzle 27a and i ntake
nozzl es 298<@iEP9p Wkt ¢ aideart dhgedip notrtie ovi @2Reotd ohe tdPetbe

ot her hand, when the wafer Wis noved stepwise in the +Y direction,
the |iqui G FLaESuptR i BB aRONREE6REr 68 theby iuvd thir earpesdrausévioez| e
28a and i%t%ﬁg n%églgs 30a and 30b which are arranged in the Y
direction® MPHHE? B8, refRI &bt oi2%upply Vi (n8/s) and the

t of n8/ the liquid 7 | cul ated by th
oD, o TeouBtin Wl LSl of IS T e el ot b, Lhe
e Lena et g1 DochiBooL 20 32 o s OBl Lyl eleel, F7L1

the Y direction.
The vaf or T ez M L e O e S T h S Gy

i
the wafer W “even I n
directiongevice 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 liguid 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 liguid 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 liguid
7 to the space between the tip portien 32BA of the
25 transmissive optical element 32 and the wafer W through

the supply tube 22 and the exhaust nozzles 22a to 22¢c. The
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by adjusting the anount of supply of the liquid 7 in response to the
traveling speed v of the wafer W The projection exposure apparatus
of this Enbodinent 25 17 exerts simlar operations and effects to
that of Enbodinent 1. 144 NIPFO4.505 Specifically, it is \appgi.bie
to prevent dissolution of the optical elenent in the first place
because the anti-dissolution filmis forned on the surface of the
optical elenment. Therefore, the optical elenent is 5 prevented from
di ssol vi nd iR §GQUrEYF EViRg Phecspiess bbeweenutke 7t i phpaoht ien
of the prgecti_on o%tical system and the substrate. As a result, it
is not nefeS¥RiRrR ol TPEItHR t heLHBt SERP I8l eh®WiCcer Bqienttlye andace i s
possi bl e b:tq: mali ntal_iln hjieé;h throughgut of the exposure aplgarat us. 10
Mor eover , ST ot R hec bR 2Pt 8ls 6P *pérheeonafer Whechegpebutbe
appar at us _j er to replace.the corroded optical elenent, and it
is ther ebfep%c?gé%et%e ngjﬁu?%‘étg?% l%{ﬂ BrB‘aﬁgtt@Se?ﬁPc?éﬁt P¢P.| nIn
addig i on, <th i cal I i, seot _dissolve inthe ljqujd and it
i's t%lerebf%l"gs Bcgg[s%fébl ght%o%ma thcgﬁ %ﬂ%&%pf’flc %‘epg#cﬁ’ﬁwg%cjeno hepg

proj ecti og iU €ahn SYHEM NCEol Lyl I t st.abi lize the
qual ity of lt he manrtljf act ur éaoklhi}eend %r%gﬁgtegqg%%‘pé%% ggr?tit?\ruaenser%%gﬁyg in

the opti mal teandi tiehe M EEOYEH + RCHEELNE 110 1 he BLA) n ure
20 apparatus of this Ifnbodi ment 17, the metlal an(ta?- |1§gtg?%t%gﬁ8$|él m

t hat al so7f.unctions as the adhesion
In the meantime, the amount of supply Vi (m%/s) and
10 the amount of recovery Vo {m3/s) of the liguid 7 are
calculated by the following formula 2.
{Formula 2)
Vi= Vo= DSY:v-'d
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
0of scanning exposure by calculating and adjusting the
amount of supply Vi (m®/s} and the amount of recovery Vo
20 (m*/s) of the liquid 7 based on the formula 2.
Meanwhile, when the wafer W is moved stepwise in the
Y direction, the ligquid 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
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reinforcing filmis forned on the tapered surface 32B of the

transm ssive optical elenent 32 on the wafer Wside of the
projection optical system PLA. Therefore, it is 25 possible to attach
the netal anti-dissolution filmclosely to the transnissiéﬁEﬁﬂggga
el enent 32. Meanwhile, since 145 N PF04-505 the silicon di-oxid&
(Si02) filmis forned on the surface of the netal anti-dissolution
film it is possible to prevent danage on the soft netal

anti - di ssdRutiironthil mrdped bijohowrahirasi oayeesnst=Ie and tdhesabytto
protect the 5 netal anti-dissolution film Therefore, it is possible
to prevenkoraflilst kgt WeA 1t sahdtesernscedesl inhthetY ahistessiyg. opascal
element 32 by the liquid 7 interposed between the surface of the
waf er W afiioWRe 1fr djictt ioh wpeRchhesysfem PLAs awdachertelpvioe in
mai nt ai n tge optical 10 performance of the projection optical system

PLA.  Mor B8FelOn & CRIRIdEE % G ot i (ihs m % Hé rparttioipanad hfgonak

t bec. th 1 SSi tical, I t 32 d
0t B SSof BoCrR PRETTI it SFhatal than. (e d o rict TSTREE e

11 o poshepPERRYY DR BeR LE SR B tmn GF e Br) BUR dtake o
appar at usee ot CEnbodi MRRrS a0 tg STTRPRESH gtPed AT (o
iEgbOd' menbn1¥neX6eRkr hAAY,! Ne dd ANRIMES M€ PR GRl v &l es@e”ﬁv?isd'e used
the +Y direction, the liguid 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 (m*/s) and the amount of recovery
Vo (m®/s) of the liquid 7 are calculated by the following
formula 3.
15 (Formula 3)
Vi= Vo= DSX-v-d
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 liguid 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.
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Enbodi ments 2 to 15 are respectively applied as the transm ssive
optical elenments 32. The projection exposure apparatuses of

Enbodi nents 25 18 to 31, which respectively have the above-descri bed
configuration, exert simlar operations and effects to 146 N PF04
505 those of Enbodiments 2 to 15, respectively. (Enbodi neh{PE#)E04
proj ection exposure apparatus is configured as simlar to Enbodi nent
17 except applying an optical 5 elenent with which an optical nenber

optically contagiscihienghya fi!m g dessrlhed helqw, tsesélglﬂ{io&?e

proj ection exposure apparatus of Enbodi nent 32°is configure

perform expostiee dpt BELOr daraR i tint BRe SigRrangr scanyEeLhed by o
partially nodifying the 10 projection exposure apparatus of

Enbodi menantb-diAccdrdi hghy Ficanstd tBenhsdcemMihd Ost heg8el B the
Enbodi ment 16 will be designated by the sane reference nunerals and
dupl i cat ecekpranat & bamewitl.] behemieficark hetdien. obBithe PEDEBELEOM 5
exposure apparatus of Enbodinment 15 32 shown in Fig. 30, the

trafsm sspyeveptiesal remedbas o3 ingminchhpr bt quilést £ bimé heh dotgare end
of the lens barrel 3A of the projection optical system PLA includes
a tip porkbNeen2Bhe §ipeHA&éd ompPd Aheeprangicd ilvay iowd iad orsgi et nal
edge in thg Y direction (a non-scanning direction) while 20 |eaving
only a netRSshl§ FRPSYGEScadi iy kspostreitais phé nese ssfamcdmi ng
exposure,_ part of atrern.i e of

P rgpf.ace tgepop1t:§cal gfgment frequently and it is possible
to maintain high throughput of the exposure apparatus.

10 Moreover, it is not necessary to stop operations of the
exXxposure 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
rrojection optical system. Hence it 1s possible to
stabilize the quality of the manufactured end products and
te continue exposure in the optimal condition.

Moreover, according te The projectien exposure

20 apparaitus 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 themetal anti-disscolution filmclosely

to the transmissive optical element 32. Meanwhile, since
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a reticle (not shown) is projected on a rectangular exposure region
i rmedi ately below the tip portion 32B. Wen the reticle (not shown)
travels in the -X direction 25 (or in the +X direction) at the speed
V, the wafer Wtravels in the +X direction (or in the -X gigREId8N)
by use of the 147 NI PF04.505 XY stage 10 at the speed of (3-V ((3
denotes the projection nmagnitude) synchronously, with regard to the
projectio€% ogaical system PLA. Then, after conpleting exposure on

one shot TFegi “CRE A ot (Sylof ingvds tfe mnest aamithe Sstade
position b¥ %%yiqg%thgmafgnVVste w se, Thereafter, the respective
shot regi ®hs "are Segtent ity Bt et 6118k pdsur bsi Rogsderldance
with the - and- t ho The l.iquid jmersion nethod is al so
appl i ed t%£§ﬁF§QI§§ﬁ§h%E§% gaeagogqﬁ%%ﬁa%cF%%bbﬁFﬁéﬁ@ufepn film
Accordi ngh¥vin&Oithe Liguid 7 L1 he spacge between the | ower
surface géytﬁg%o%%?d%%fgggggn¥éégggﬁgcfhgggu$?358%§fgfﬁgQ&ﬁﬁﬁ 0% n

t hescour sge 0 1S8aRAIRG LXPOSUL . Labar, tQ, Enbodi ment, 16,
the optical element 32 incIude§ntﬁ%ﬁﬁsugé?éggggﬁgﬁbgF 251 Pidde bt e

cal ci um ftaior bdevamd: t hen 451 ephteah menpber, 202 o8l G2 ((See
Fig. 25) . Moreover, the thin coating filﬁn 20§gﬁggggggﬁsipﬁgoaz ©

di oxi de (St@djmiksium bpraky1depesehedsonf BeSUDgHE At 1 RS, 201 of
the optical element 32 to achieve firmoptical contact. In “this
way, it ilsepesshblthe osproheet ofthelsaibssratewmemher tR0 205 uRde Hf

calciumfluoride against the liquid 7, and thereby to enhance
dur abi | i t3poicehesopttieralPldl,ermerd 32reby to maintain the optical
10 performance of the projection optical system PLA.
Moreover, it is possible to maintain the rerformance of
the exposure apparatus because the transmissive optical
element 32 does not dissolve in the liguid 7. 1In 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 exXposure
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
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and eventual ly durability of the projection optical system PLA Fig.
31 is a view show ng positional relations anong 25 exhaust nozzles
and intake nozzles configured to supply and recover the liquid to
and fromthe space inmediately 148 N PF04.505 bel ow the ﬁ@@&@ﬁ%%on
optical system PLA. Three exhaust nozzles 2la to 21c |oca "t he
+X side of the tip portion 32A are connected to the liquid supply
device 5 through the supply tube 21. Mreover, three exhaust nozzl es
22a 5 to RReskoedt ddnmdihentX 8i de af5,t heedpcporkion 32A are
connected to the liquid supply device 5 through the supply tube 22.
Meanwhi | e{Empodiimeake Hbzz| es23aand23bl ocated on the -X side of the
tip portion 32A are connected to the Iiquid recovery device 6

t hrough the redbvRE9ieahé o3 exprisuDe t ApPiamtdkes nbgzkesfidamrand 24b

| ocated on,the +x side of the tip portion 32A are connected to the
li qui d re%b%ﬁ?r devi P AHRBREh Y heereedFer §rPibé N2 . amherp ttiveal
wafer Wis nnve%wkn he scanning direction (the -X direction) of the
arr 8w i ndf taFEE Wt W@%gaiQP ofEt 1 ¢k FPPBEr PBEACARG the odamil fig

exposure, lLiquid supply devjce 5 supplies the liquid 7 to the
space beti\:/\lltégﬁugbheat i Jplglgr t1%n d:?f&%lfb?‘ﬁe Rpt3%al eFeR@nttBat arddg he

21c. The 11 a0rd rShov et Se T elByare Pho RIBGLTS0 Y e aitied
D e SPASECbSLIRRN Lcob el AR 0. B YELEL WA RSOU, the
step-and~scan method by partially modifying the
10 projection exposure apparatus of Embodiment le.
Accordingly, constituents common to those in Embodiment
16 will be desighated by the same reference numerals and
duplicate explanations will be omitted herein.
In the projection exposure apparatus of Embodiment
i5 32 shown in Pig. 30, the transmissive optical element 32,
which protrudes from the bottom end of the lens barrel 3A
of theprojection optical system PLA includes a tip portion
32B, is reduced into a rectanglie having a longitudinal edge
in the Y directicn (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 (neot 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
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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 el enent

32 and the wafer Wis constantly filled 25 with the liquid 7. On the
ot her hand, when the wafer Wis noved in the 149 NIPFO4.5§$EFO_
direction (the +X direction) of the arrow indicated with ¥l n
doubl e-dashed line for perform ng the scanning exposure, the liquid
supply device 5 supplies the liquid 7 to the space between the tip

portion 32A etathel opitcCethe Sspbeqent B2r el e & MY i S1€
supply tube 22 and the exhaust nozz”ﬁéZgg?OZZC. The ﬁ qui& rec%%@ry

devi ce 6uagooveds)t yrddlguwtlodsigt awhed raghhrel $pace eIt hen
tip portion 32A and the wafer Wthrough the recovery tube 24 and the
i nt ake no2RFésalsgyaiemALA | n Thes, cafeert hemplelkiioqu ¢xpddums on
the wafer Win the +X direction, whereby the space between the
optical ePRREPROBIr@BHoRhethafeeXWShatcorgiantnyves|ted wdantt ey
qugid 7. {brg, t he la¥qa% and other features of the exhaust nozzles
and®t he it ARE 2L L8D MY Ye theatr FoF W shepricd at ithenartt¢qui d
7 in the C efween t ptical _element 32 and the wafer W. when
rovi 1 ¢ NG S TO W T UEHeo SRR FEREE oS s AT Bt Y o 155 SFRFIAHO £ 0
those in ;%ngkge %_%p T cannin Loj ection exposure apparatus
of 20 Enbodi ment g’ aﬁ% ?ggaﬁﬁg H%S%egﬁéméiﬁﬁi%%. SysPefeprRe-
i ncorporating thg qptd.eaY i%rf?é@giogzmgéﬂbggiglagfsgpéﬁpgfqed 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 (Si0Q,)
is uniformly deposited on the substrate member 201 of the
optical element 32 to achieve firm optical contact. 1In
this way, it i1s possible to protect the substrate member

20 201 made of calcium fluoride against the ligquid 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
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transm ttance, which systemis obtained by firmy joining the
optical elenment 32 to the optical nenber 202 by the excellent
optical contact. In this way, it is possible 25 to performthe
exposure process of the liquid imrersion type which can n&épﬁ&l_&g he
hi gh performance over a long 150 NI PF0O4-505 period of tife:

(Enmbodi nent 33) An exposure apparatus according to Enbodi nent 33

W Il be described with reference to the acconpanying 5 draw ngs. The

exposure bppamattie girdjest bohodpreatli $ yaddWTh | MBS ONe ¥ PEs+
exposure apparatus adopting the liquid inmrersion nethod in order to
i nprove rB8&EdEisoRlante Al Yockedald ynvilderXasddptdif athdf 0CBSoBYLion
virtually_shortening an exposure wavelength. Fig. 33 is a view
showi ng a3ffr L e1TBRsehedetenthe Lgulidc supelol osesitcd o5 arhioage

pl ane of projection_optical systemPL, a second optical elenent
LS2 | ocat Egeséb‘%ﬁgkyclté’?@stzlt'o MRre S9¥di nd 51a e scdhoist heoz plepe2faon
opti.cal s?ést ?1 P(L)[ afterd the first optical_ elenment LS1, and the like
out “of mufPi % & OPERFa Qeddit S5 HARIE ot el tCiRIm 3T Lk d22Bha ch

exposur o SBEBFALIS. 6P CoRi - BRbOURLY JAN 4 S bEBPBTbppAP st DY
ot vioen a PBGer * 20 SERFALEETI BT G T Fa7 F08H 24P " bRaR (e ted
which is Eﬂetﬁlaasﬁséi@@tcif;aclheell:‘igeﬂgrttQOth%Zhnggg pLang el 4t § 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 liguig 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 liguid
supply device 5 supplies the liguid 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 21la
to 21lc¢. 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 Wis constantly £filled

25 with the liguid 7.

On the other hand, when the wafer W is moved in the
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projection optical system PL anong the nultiple optical elenents
constituting the projection optical systemPL, and a substrate P
with a first liquid LQL. The substrate 25 P is provided on the imge
pl ane side of the projection optical systemPL, and the Ig\fﬁ; 505
surface Ti of the first 151 NI PF04-505 optical elenent LSI |&

di sposed opposite to a surface of the substrate P. The first liquid
i mrer si on nechanism includes a first liquid supply nechani sm 90 for
suppl yi ngdirketfiarst{ U euixd di@k dtoi d:e shade: ketmpen ddec4 Oserwi th
surface 5 T1 of the first optical elenment LS1 and the substrate P,
and a fir&kel Fhaia fesberydanioididiism T preriooveatd nge tdeadn 15§
liquid LQL supplied fromthe first |iquid supply mechani sm 90.

Mor eover , ®¥RPS Udepodilre ldppuirdtanern hic ldafesca Seognul 149 thquidquid

i mver si on_nechanismfor filling a space between the first optical

el ement L%lt%nﬁj? hPReeonat¥peichlrect brerertise, 3ohieh e tdmt segbnd
cl o%est og&i cal eI3<=2rrent the_ i mage plane of the projection optical

system PLET&FER ta sé‘f:‘éin%gf‘i Har T Lot hTARIRcbBACS PP L FaF tRp et RNE 52
is 15 di t i ti.cal el t LSL. Th ,

!sﬁr f aceI ?gﬁ%f%%&%?rné‘ze%%% ?Eazlaog? :az%n‘_t eLT%’%e?é qulép’b%‘égvgggﬁ?s‘H%e to
t he IowerSSyé[f:gggr‘pﬁgfa wsﬁgcgnpeegghggl ineh??rre%acfgg?% The second

liquid imersion mechani sm™ incl udes”a second P2 R cHARI sm

First oprrio ar e st ana et Lx ohe by 1 L I Gl 185 b8
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 liguid 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 theose 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 aptical element 32 to the opitical 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
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and a second liquid recovery mechanism 93 for recovering the second
liquid LQ supplied fromthe second liquid supply nmechanism92. 25 A
| ens barrel PK includes a counter surface 89 which faces a .

peri pheral region of the upper surface T2 of the 152 NI PF@?P%)OE_BO
first optical elenent LS1. Moreover, a first sealing nenb 4908
provi ded between the peripheral region of the upper surface T2 and
the counter surface 89. The first sealing nenber 94 is forned of an
0-ring (sbekhias "*altire.5 nade by DuPont-Dow) or a G- ring, for
exanple. The first sealing nmenber 94 prevents | eakage of the second
liquid LPmPecdtmnton33he upper surface T2 to the outside of the
upper surface T2, or to the outside of the |lens barrel PK

Meanwhi | e, a s&tONBXBLANGSY FRMpErt V5 pscorolirdedt beEwbenit@re: shale
surface Cztgg t he aecond opq[’i cal elenment LS2 and an inner side
surface PRE'Of e PERT URFY eV1PR. rAfeTeRend Loschhe ng commman B¢ s

forned of V-ring, for exanple. The second sealing nmenber 95
reglrjgrat esdgﬁ‘rﬂél%llg;stq'i on'o We@s%%%o%pﬂﬁﬁpﬁ Pép Erdgnsrbed idean b ebs

f th L i , d the like t t of th
(rom e secon:ll SR AR S and gL ke, 0,20 dpper part of {he
third I : i i,d bet . id f ,C of .th
(Vo sel g mernge 40 BLAKLRT o bl uen A 8 g2 suniace, O of e

a1 o] POl saldagp P 0y AR B 0

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 £illing 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 Tl of the first
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first liquid LQL, danp gas derived fromthe first liquid LQL, and
the like to an upper part of the first optical elenent LS1 inside
the lens barrel PK 25 Alight-shielding filmmade of gold (Au) is
formed in a thickness of 150 nmon each of the side SurfaﬁfPI{O%—ﬁo 53
NI PFO4.505 tapered surface) O of the first optical elenen I"~and
the side surface (a tapered surface) C2 of the second optical

el ement LS2. Therefore, by using these |ight-shielding filnms, it is
possi bl e bptpreMertl Sndrrir ddi Atiior icfpddred expossi eel tghi heam aad,
reflection of the exposure |ight beam by the wafer onto the first
seal ing mRRbesubFrathe Becoflesdalristg Inenhied Sbmeasdohheddtdmh sm
seal i ng nenber 96 which are provided in the periphery of the tapered
surfaces dRCLHESE anShr§si Yedupei sapr éyenephandsong § hio s shatrlat g
side of the projection optical system In this way, it is possible
to preventlRBeteFFbriatqohddi2l tReteArans heirvees: tha tdieer surface
abo§e-des i bgd gnb dinment 33, the_ light-shielding filmwhich is the
met & fil M nBYetBf ng&t PRTEAD! iod e d-Son agEE s stuhs ttaes P
surface (thg1 tagereq:h urfaccf) Cl of the %’brst optical element LSl and
the side “Strfacétfthe™ P SUFF h¥ T 2281 Sithe Ls dOdnd eorviat nY

I t L ight-shiel ding fi .t h t al
il mmmy BErorash orIbtaI St e 1 GOt TR F TF3B i Gt hainey .
silver (AQlcnlickel diNi), tantalum (Ta), tungsten (W, palladium
(Pd), nolybdenum (Md), titanium

Moreover, this exposure apparatus includes a second

10 ligquid immersion mechanism for filling a space between the

first optical element LS1 and the second optical element

LS2, which i1s the second closest optical element to the

image plane of the projection optical system PL, with a

second liquid LQ2. The second optical element LS2 is

15 disposed above the first optical element LS1. The upper

surface T2 of the first optical element LSL1 is disposed

opposite to the lower surface T3 of the second optical

element L3ZZ2. The second liguid immersion mechanism

includes a second liquid supply mechanism 82 for supplyving

20 the second ligquid LQ2 to the space between the first

optical element 1LS1 and the second optical element LS52,

and a second liguid recovery mechanism 93 for recovering

the second liguid LQ2 supplied from the seccnd ligquid
supply mechanism 92.

25 A lens barrel PK includes a counter surface 89 which

faces a peripheral region of the upper surface T2 cf the
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(Ti) and chromum (Cr) Alternatively, it is also possible to form
the light-shielding filmas a nmetal oxide film In this case, the
netal oxide filmmay be forned 25 of at |east one of zirconium

di oxi de (Zr02), hafnium dioxide (H 02), titanium dioxide (Ti02)
tantal um 154 NI PF04-505 pentoxide (Ta206), silicon nonox C{‘@O@) ,
and chrom um oxide (Cr203) . The above-descri bed Enbodi nents 1 to 33
apply the exposure apparatus configured to fill the space between 5

the projegtiren opitcablsystamBl 889, t haosubsiduat e; Pehocal Iy, wi th the
i quid. However, the present invention is also applicable to a

liquid i mrendiean9expe i@ i @df ay i wse §lits e pégdpih@r%ﬁnpéggﬁ%npé%%e
Application Laid-Open Gazette No. Hei 6-124873 (JP 6-124873 A) ,

whi ch 10 apparatsis isceon? i gudethtoconvueea stagaddiade f etmdSFarst
substrate subject to exposure in a liquid tank, or to a liquid
i nrer si onserpésyr Beaprar Aduss dischededt an JapangsésuPatent Kalrez”
Application Laid-Qpen Gazette No. Hei 10-303114 (JP 10-303114 A) ,
whi éh appBfEEuSYi BuEeati-Riaed a hareiads fdnEhnahk. haliag st
pr edet er m neﬂ,de(ﬁth, t he tank bei ng formed on a stage, and to retain
a subst r af B ASIUEFHRET t AN RBPRBFet cakpgepprdsdhe Seremd driqwidl so
appl i cablﬁ tllc]) a t\:\g n-stage tgge exBosure apparatus including two 20
stages conPPguPE8 e PEcLfE PPBEEsSLFARGE: TubSt Fak edu ketRe 1 i er s
i ndi vi | ] n Y% h r
d duaup%e% gu& a@%aﬁzﬁ 8r%§?%ﬁn§%%%side 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.

Moreoveyr, a third sealing member 96 is provided
between a side surface Cl of the first optical element L51
and the inner side surface PKC of the lens barrel PK. The

20 third sealing member 96 is formed of a V-ring, for exanmple.
The third sealing member 96 regulates circulation of The
first liquid LQl, damp gas derived from the first liquid
LQ1l, 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 & thickness of 150 nm cn each of the side surface (a
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i ndependently in XY directions. Such a twi n-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 10-21 3 ACS?Q
International 155 NI PFO4-505 Application National -Phase 04 Fi on
No. 2000-505958 (JP 2000-505958 A), and the like. In addition to the
above expl anations, other configurations applicable to the exposure

appar at ustepetreel shrPRSENCT HEAHOF iaq ot osedidndnt ergati ppal

Publ i cati on No. W2004/019128 (WD 2004-019128 A), Internati onal

Publ i cat i bheNe.1 AD2004L£6895@ (VD 2004s02392Q )A)c2 and kRkerdgatd.gnal
Publ i cati on No. W)2004/053951 (WD 2004-053951 A) ; the entire
contents eptitelwhichermerti néSLpor at dtheherfeire by bef enenee. Exadgd es
The present invention will be described nore in detail bel ow based
on exanpl 59hid sddegating velf ekanpl est 154t pessdbbe nabedprHwomavier
that the present invention will not be limted only to the foll ow ng
exaftpl es. ITEEdamplion  fFitde sxnosur &ildwhihdwiany s ol lpaat oo O
an optical element 50 of the present invention. As shown in 20 Fig.
34, the optf&HfPRFBRENT Hot Rea™ Svnklie Bip Irvpesitol Rgestyzb s aed e 54

in an optic fil.mthi.ckness of. 0.55 X ~= 193 n on a substrate of
caldlﬂ##?%%#Faegg%}kﬁeWﬁ?Eﬂnd sealing member 9g2 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 I.S2, 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 1is also
possible to form the light-shielding £ilm as a metal oxide
film. In this case, the metal oxide film may be formed
25 of at least one of zirconium dioxide (Zr0;), hafnium

dioxide {HfO2), titanium dioxide {Ti02), tantalum
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a crystal orientation of a filmformng surface 52a is defined as a
(111) plane, as an anti-dissolution filmfor 25 the cal ciumfluoride
52 by use of the RF sputtering nethod. Here, as shown in Fig. 35,
the optical filmthickness of 156 N PF04-505 the silicon ide film
must be restricted so as to suppress a ghost phenonenon e ’
residual reflection of light on a surface of the substrate of the
calciumfluoride 52 when the light is incident on the cal cium

fluoride B@nélorigiss the,adiirectiloinced monakiaw $6:ondi %%R?%M&Eh@m
solid line and is reflected by the calciumfluoride 52 along the

di recti onoyfiden &6w) 58 indicated with a dashed line. Specifically,
Fig. 36 is a graph showing residual reflectivity of the cal cium
fluoride when thee | #hverserddiidddnboninhpteallcitomsfd Lwd e the
substrate. The residual reflectivity of the calciumfluoride in the
case of nB¥POFFHA APRIEERF| eonfdgideds tiomfda 1t éec sipeiaemidd wuosénle
sub%trate %S indicated with a solid line 60 in Fig. 36. Meanwhil e,

t he®resi di3F PFIERTFVPPy Bt TRl cAVELGM 1BL f RO6r ifdee | AubB&redse Bf
form ng tfg S|h|con ﬁ%l%ﬁ i,lmon the calciumfluoride substrate is
i ndi cat ed” ArtH 1ty Hadhedd LhdvEs i nHEWGVels. the SRAREN IMVERB®EN t he
optical film ck of .t.he silicon.oxide fi.lmis set such that

t he reS|%%aI EQ Ie%§§V|tfhgfat é’c&lc}&ﬁﬁﬂﬁuoﬁpﬁﬁIﬁ@éﬁhe?*iﬁ”ﬁ&ﬁal

(00 e PASTES A gl gen ol gl el it on the
by use OfLéba @Ete'nC@'azette 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 1s disclosed in Japanese Patent
Application Laid-Open Gazette No. Hei 10-163099 (JP
25 10-163083 A), Japanese Patent Application Laid-Open

Gazette No. Hei 10-214783 (JP 10-214783 A}, International
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el ement 50. Fig. 37 is a view show ng a configuration of an
experimental device used in this exanple. Pure water 25 66 at the
tenperature of 70C is put into a tank 64 nade of polyether ether
ket one (PEEK) which is |arge enough for 157 NI PF04-505 t ol une
of the optical elenent 50. A beater 68 nade of Teflon (re 041588
trademark) is put into the pure water 66. As shown in Fig. 37, the
optical elenent 50 is put into the pure water 66 so that only the

hal f of thepbdptiatdlors Mdehent150hhs oS eakerk ¢4t 1 b8 narez\a@toefscﬁﬁgsghe
tank 64 containing the optical elenent 50, the pure water 66, and

t he beat efdJB82D90pBtO 59D MA) coastlanhet diperature tank 70 to nmaintain
a constant tenperature. The tank 64 used herein has a sufficiently

| arge size 10 lrel &tdddetiont heovotiiee abovhe eppilaaktdlerent Hhd®
reduce a liquid |level change attributable to evaporation of the

pure wat e¥°BEIINBREGEYS apld lsedtley t68 e exped iy appairatiainbghe
congtant solubility even when the optical elenent 50 dissolves in

t he®pure %‘F%?n% ATV eReieBy BT Qendiacéssadufier Ioketinetioafaler a
| apse of6§ urs, .while the op ical el enent 50 was soaked in the pure
wat er vRILEahing “t he %8%/8&9&@5& helWpti €8P 4ePeRdrB 534) not

soaked |(r11111“t‘1efﬁure wat.er 356 ge ortion of the optical elenent

50 soake Ep0PE hnat asuf8d 207RRPA44053950 (WO

st ep- rreasy@@&rggg3g% e havi ng_ resolvi ng pover_ of .5.nm_.No step was
observed.” ( Exanpl e gﬂ Zh Qné 95% ﬂ%é%lonaf Pub§1catlon ﬁ%i
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 inventionwill
not be limited only to the following examples.
(Example 1)
Fig. 34 1s 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 A
(A= 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
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Fig. 38 is a view showing a configuration of an optical elenent 74
of the present invention. As shown in 25 Fig. 38, the optical

el ement 74 was fornmed by depositing | anthanum fluoride 78 in an
optical filmthickness of 0.68 158 N PF04.505 (X= 193 nn%?on a
substrate of calciumfluoride 76, of which a crystal orientH5%i?08f a
filmformng surface 76a is defined as a (111) plane, as an
anti-dissolution film for the calciumfluoride 76 by use of the

vacuum vafioe 5 Xepesidsdiofe FRUROAuskts Has Heen-kogwy Lhato e press
| ant hanum fluoride 78 on the (111) plane of the cal ciumfldori de 76

reflects 4 lhasystiednonéeohatavne afby he cadwd Ured # 105 den I6 18nght
thereby heteroepitaxially grows on the (111) plane (see WD
03/ 0090151 Therefare, ofhthdepobited tleantthahemc3Q cfikuorfilde 74834 gs a
very dense crystal structure with very few defects. An experinent
was per f ofhed e dd@hdf ishenepdpshlon dheneaf ciam Theocodki HRiradtdmn of
an experinental device used in this exanple is the same as the
confi gur atFortb¥ € ¢51PRe Odx BBr RHERWAP 6ddridd e afsest Wik tEeamslle dl lsihoawn
in Fig. 37d Accordingly, .the sane constituents will be designated
by the s&ff réFeFé*rféee% r 8Vs HiSecd heBvgnpllecride n52 halpsid diag
description. First, the pure water 66 at the tenperature of 70C 20
ek T ATH T s oPa

is put into the'Pén thoY s Partgé &idiish bbbt Redoshase 1167  he
0PI Cal SSUEDL L 10 BuERt g 08,15 PUL LI B 986, e
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 flucride in the case ¢f 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 con 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 70°C is put into a tank 64 made

of polyether ether ketone (PEEK) which is large enough for
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66 so that only the half of the optical elenent 74 is soaked in the
pure water 66. The tank 64 containing the optical 25 elenent 74, the
pure water 66, and the beater 68 was put into the
constant-tenperature tank 70 to maintain a 159 NPl + 04-5Q%prg4- 05
constant tenperature. After a | apse of 3 hours while the Opthéi

el ement 74 was soaked in the pure water 66, a step between the
portion of the optical elenent 74 not soaked in the pure water 66
and the pbRei BAlome i dpie cebt etatenl eBe?d Sdaked oeatther pif ensaé er
66 is neasured with the step-nmeasurenent gauge having the resol ving
pover of ®fFeinken N ediept vasd dizadamairk) i a hilg dexiaonthe, ptihe waiceim
vapor depggiti on nethod was used as the filmformng method for the
10 anti - dP8solfi®i BROPA i fisrdet’ ¢ - horaptheadneiletessol AR iioh put m
havi ng the gen e structure. meever, it is also possible to formthe
ant i - di ssoTtPi or® BH MR- s € fof Ot ket it etibiighaethed ohre ot iovl

t Qod. ' le 1) 15 A ' t f d i
Cor B of S APRELmO BT DS L i PaL ool Bt o S | A ST | O
terms o ium’ 11 . PUFEh8Sn & it oh
evi ce USEd PR PRTE SRS RPERNedIaR By U8 kR ks R b R

exanpl e, engab&ehyenf kdokk ﬁu%UPﬁEéf%Z$g§F£§n% Hgﬁﬁé%{ﬁﬁfgdtgmk A

optical element 50 of Exanple 1. eat ures experinent al
devi ce fotothhsneeARArAlédestXAMRPLApRLE thiie same as the

configuration of the
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 5C soaked in the pure water 66 was measured
20 with a step~ﬁeasurement gauge having resolving power of
0.5 nm. No step was observed.
{(Example 2)
Fig. 38 1s a view showing a configuration of an
opfical element 74 of the present invention. As shown in

25 Fig. 38, the optical element 74 was formed by depositing

lanthanum flucride 78 in an optical film thickness of 0.68
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experinmental device used in Exanple 1. Accordingly, the sane
constituents wll be designated by the sane reference 25 nunerals in
Exanple 1, in the follow ng description. First, the pure water 66 at
the tenperature of 70C 160 NI PF0O4-505 is put into the tagﬁjﬁf_%ﬁich
is large enough for the volune of the calciumfluoride su s? K 72,
"and a beater 68 is put into pure water 66. The cal cium fluoride
substrate 72 is put into the pure water 66 so that only the half of
5 the cal ki UhvfLEGr inte subst ratlesTPats soakedchint e M Bie WRE €1 o 66.
The tank 64 containing the calciumfluoride substrate 72, the pure
wat er 66,Wlah8htﬁe%7éalg:éﬁ 68ipstphtion pifoathielwafstmhhet @NPLE 8L UT €2
tank 70 to intain a constant tenperature. After a | apse of 3 hours
while 10 éag‘g?ﬁgnﬁﬁea@aﬁci(&%ﬂm Béenge s§bstr ansgi7Aiissalet pum ef amer
66, a ste ion of the calciumfluoride substrate 72

be en the, por

not soakegOFnEﬁ%éﬁﬁﬁ%Q t%}ugélgﬁdﬁﬁu?¥x#§¢o%f bhet & coui | apor
flugride agggggite 7%1 ade Hﬁh&Pe ure water 66 was neasured with
tPe stfpéne Str ﬁﬁﬁibégﬂﬁ%d15 Aty Qﬁﬁlﬁ%ﬂﬂaﬂiﬁﬁ$¥ﬁﬁﬁ %ﬁnﬁh%?W?L A
step o r o_di ssol ution o e portion o e
calgiun1 ?%ﬁgkﬁgg g%béﬁrg & ggf%géﬁgﬁnFrP#uﬁP?nﬁ%}%%ﬁ%wr%%Pr%éﬁd?@ing
to the optj l.e t f anmpl. d. . EX le 2, it _is possjble
to reducg£%ﬁggggﬁugﬁﬁi?ggfg%guggh%ﬂ%%%ﬁ%ﬁ(%ﬁqﬁ§%§@¥ﬁﬁﬁ?tﬁ%ﬁﬁf%ﬁ@

smal | as tbain@fidecopticad-6bsTRAL 1Qh 1GPgRALAL Lyecfxarp| ¢, L, F 9.
40 is a graph show ng results of neasurgp nt of "stéeps Eggshﬁéﬁné ter
t he (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 70°C

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 18 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
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experinments of the optical elenents of Conparative Exanple 1,
Exampl e 1, and Exanple 2, which are nmeasured with the 25

st ep- neasur enent gauge. As shown in Fig. 40, the calcium fluoride
including the anti-dissolution filmmmade of the 161 NI PFOﬁiﬁpcf_5 5
silicon oxide or the |anthanum fluoride does not dissolve “in A
pure water. Accordingly, no step is generated. Therefore, it is
possible to maintain a transm ssion wavefront of the projection
optical sgshefeint teer®rErtojeet i Gf eepas lep appdr atkisunbedht DeSthe
optical elenment 1is enbedded in the liquid contact portion of the
proj ect i oRPtégpdsalergpiar 4t uss apphyedgin Hhd pyuied wianmar si6pna net &oed.
(Exanple 3) Fig. 41 is a view showing a configuration of a 10
transm ssPYEWEELY ERle Bretamn 5F dhe e thaepled Snends Bhowt dowlFed.
41, an adhesion reinforcing film53 is forned b%/ depositing tantal um
(Ta) in arPHitkAAESE sEtRrF A B 4 0 & BRSARTE 08T Lealan Lhrd | ordten 82
b se of,the sputterin met hod. The adhesion reinforcing film 53
LA T T S el ke :

has®a funtti & 0 PrprdvePidifes? Dhehetifeeh® t FE3SHIG Ut Ehorle 52
and a netal

fil t : f t he adhesi
rei nforcing Pé%/ng_lry . lgtg,Jﬁggﬁfﬁ%%ﬁ?@iﬁg%‘?L‘Gh?geﬁow‘fe%lrgg 0.3
i ncreasi ng,adhgsi g@e?s w%%ugj%%/@¥ﬁédabove 10 nm However, an effect

of adhesi on can be achi eve e film 20 thickness in a range from

i on o750 A AT, AL L s et

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. Figqg.

32 is a view showing a configuration of an experimental

device used in this comparative example. In this

comparative example,- -a calcium filuoride 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 descriptiocn.

First, the pure water 66 at the temperature of 70°C
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di ssolution in water, is formed in a thickness of 200 nm on the
surface of the adhesion reinforcing film53 by use 25 of the
sputtering nethod. Here, density of the netal film 54 can be

determined 1B2 NIPF04-505 by a critical angle in X-ray dhﬁjgrgcsb on.
When the film is fornmed by the sputtering nethod, packing 4 § of
the netal film54 is equal to or above 97% Meanwhile, solubility
of the nmetal filmb54 to water is equal to or 5 below 1 ppt when the

filmis fbsmpett bytichehepuitlerdnghicet Nod.a NeXlenoti i Fbeoth divexi e
(Si02) filmb55, which functions as the protective filmfor the

anti - di ssof uthencalchmf 61 vionprdey ismip snechiani Th) - sid engiduodr tde net al
film10 54, is formed in a thickness of 50 nmon the surface of the
metal fildwE4ipyouparsf waiespud t erihg getdbdr Ahvexpde mmits haast e
perfornmed_ by use of the transm ssive optical elenment 50. Fig. 42 is
a vi ew showi h¥) Pat caf P gl @t ene ofabier egf evo gthaserhin the hakanpf e.
As 15 shown in Fig. 42, the tester 80 includes a sanple holder 81, a
ci r Bul at i DRCpEAPCEE™ & R ot B TRFeESsUpply gedikes 183 thepure
buffer tank,_84. e rface of the sanple holder 81 i s open, and an
0-ring 85"F5%pr g@iﬂldea%ﬁn Hek o Eéncgf}?'ﬁa‘@é.ng Ttﬂ'ée sGRf Gd8Moff igpe 1de
transm ssj tical el nt. 50 where t he .adhesion_rei pforcin

film 53, %‘X%Sﬁ%ﬁéqe ﬂ’m%%, PUAG W?ﬁ%‘-’sfz’grc%ﬂdd‘i:%ﬁi aF%Fo% XS 55
are formegop &t Lachadnd 0: LB 2RRN, 3T £ 2GR Ofo BY SAIPEaR! der

81 and is sea
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 woriion of the calcium fluoride
substrate 72 not soaked in the pure water 66 and the portion
of the calcium fluoride substrate 72 socaked 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 sozked in the pure water 66.

According to the coptical 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
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with the O-ring 85. Deuterated water is supplied fromthe deuterated
wat er supply device 83 by use of the circulation 25 punp 82 and is
allowed to flow inside the sanple holder 81 through the buffer tank
84. Here, the buffer tank 84 163 NI PF04-505 is provided jp gﬂ{q%g to
prevent transm ssion of vibrations of the circulation punp to the
sanpl e hol der 81. Nbreover by suppl yi ng deuterated water (D20)

i nstead of _pure water HZO% is possible to neasure an anount of
5 deut er aféd 1k PXiAR PEr & ?nbﬁ@%@a@wmf%bQODidehéoe$rnntnﬁrﬁﬁo&we
optical elenment 50 in the depth direction after a water resistance
test. A tﬁflmedévl%t‘é?t%su shareediastl \nash T ohtiept éd lpneuseted . t he
tester % settlng a travellng speed of 10 deuterated water on
t he trans €16t i thl ‘S NBRF B0 Cedifal PRONSE g ZebraASTH SN ¢

the filns [ urface .of .the transm ssive optical el enent
50 were no%9 g%gﬁgg o&e ﬁﬂ PREPE S ™h (ﬂﬁﬁﬁﬂ§|r?¥?E9%pp§&rdH€é of

bvarun | oS eLE it (S & Ao 2Pa Nﬁrﬁ%ﬁéa@%{%@ irew@mhe
surface Oisté}ﬁaééégérﬂﬁﬁh\éelﬂ?ﬁﬁh%%ntej%@trt%%ﬂ 408 ggp i

direction in accordance wt e secondary i on nasSs sp

(SIMS), iExPasureoBbbaRd Jda tpfﬁl%r%j@h%r a4 lvé@tl %E%'gﬂcﬁ'gtmethod

infiltrate 20 into the netal (Exanp
showi ng a(egahipgw &) on of a

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 1is 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 f£film 54 made of gold (Au), which fiim
functions as the anti-dissolution film for preventing
dissclution 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
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transm ssive optical elenent 58 of the Exanple 4. As shown in Fig.
43, a netal film60 made of gold (Au), which 25 functions as the
anti-dissolution filmfor preventing dissolution in water, is forned
in a thickness of 200 nm 164 NI Pr04-505 on a surface of a substrate
of calciumfluoride 59 by use of the sputtering method. HB{RE04-505
density of the netal film 60 can be determned by a critical angle
in X-ray diffraction. Wen the netal film60 is forned by the 5

sputteringymet bedt ipaakiangidens] k- AheBafsd S eoual t o) 7%
Meanwhi | e, solubility of the netal a*]ﬁm 60 to water v?% equﬁ%) %llgr

bel ow 1 ppt ﬁ\bﬁmetifﬂ@yfﬂﬂénslp‘ﬁﬂiﬁﬂ’ﬁ&sa} mlé)tHJt? @taﬁﬁfd B@n@%ttﬁpgf Next,

a silicon dioxide (SIQ2) film®6 ich unctlons as t

pr ot ect i vaeftiallm £ dimt el abti -aissD| Ubi Bbbmef OQT%WW(Pl\éé}thlle,
mechani cal strength of the nmetal film 60, is forned in a thickness
of 50 nm &altle sy aze e mbaeaiefalnf BUMtE0 Wy dise Ofeddel to or
sputteri ng nmet hod. An experinent was performed by use of the 15

t rafsni ssP®eé o¥ptl cePt eWbeEntt B8, L Abmsiimi Ifarrtes Bxmnphe sputetering
thirty- da¥L w%ter resi stance test was conducted by use of the tester
80 shown 'Rt 42 while setting a traveling speed of deuterated
wat er on the trﬁ ssive optical _elenment 58 equal to 50 cm sec. As
a result, the fTHk’ 207 f el t‘Hé”%“tﬂfef adé ¢k )t hEitmanahi ssildech

opti cal el eement, | 58 wel’:g?not(ﬁfgg e %Jt]rla%nod%lttg%gp\%ggdqosscohlauntgleo;ln

the appeaPance °3° ffe

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 f£ilm 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
Bl, acirculation pump 82, a deuterated water supply device
83, and a buffer tank 84. One surface of the sample holder
8l is open, andan O-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 (Si0;) film 55 are formed on is attached
to the open surface of the sample holder 81 and is sealed
with the O-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 holderx

81 through the buffer tank 84. Here, the buffer tank 84
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Moreover, as a result of evaluation concerning infiltration of the
deuterated water into the surface of 25 the transm ssive optical
elenment 58 in the depth direction in accordance with the secondary
ion mass spectronetry 165 NI PF0O4-505 (SIMS) , it was conﬁ\%ﬂg d_t hat
the deuterated water did not infiltrate into the netal fi 505
(Exanple 5) Fig. 44 is a view showing a configuration of a 5

transm ssive optical elenment 65 of the Exanple 5. As shown in Fig.

44, an adhespoovidien dncingef idopeéventf OFaBIMbY s idePOgi 418 £ anLal um
(Ta) in a thickness of 10 nmon a substrate of cal ciumfluoride 66

by use of offhetkputtigrdunlat mbhgdinplhe2adhesths reimd D& Chivg deayes 1 67
has a function 10 to i nprove adhesion between the cal ciumfluoride 66
and a metlaredven 6 Furrivinedientarsuebavetefr theondhestoad of
reinforcing | ayer 67. Here, the filmthickness required for

i ncr easi n§Uitve Wadtfesi dkeQls ddudls o soritabovieo 10 awmre Homeamoyunano £
effect of adhesion can be achieved by the film 15 thickness in a
rang-’e frofCYHSF &L 8 NBXET t Hé hiditaiatingn 6Bhandévatags! d ¢fu)the

functi oni ng_. as the, anti -%i Ssﬂl ution filmfor Er eventing di ssol ution

in water i"S2P5PHeEE 1 he aCPhitCRre S5 e 0° Ant BntRRe de@ta Rl regt i o

adhesi on i.nf. orci filmet7 use ,of the 20 sputtering nethod.
Her e, den%i%tt;/érgfa t‘ﬂ%t?ﬁ%t 5fesflis|®rér‘1nbc?a &t be det erm ned by a critical

angle in X-ray ﬂL{ﬂ{?E§L8Qy YOE0 Pt bk Thce 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 intec the metal film 54.
(Example 4)

Fig. 43 is a view showing a configuration of a
transmissive opticel 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
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is formed by the sputtering nmethod, packing density of the netal
filme67 is equal to or above 97% Meanwhile, 25 solubility of the
netal filme67 to water is equal to or below 1 ppt when the filmis
formed by the sputtering 166 N PF04-505 nethod. An exper}&?@%s
performed by use of the transm ssive optical elenent 65. ar
to Exanple 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
deut er at ednwat gurfaceheft namshssshve optéeatiahereibrid2 ¥W8SHbehng

set equal to 50 cmsec. As aresult, the films formed on the surface
of the trafishiigsivet oprivglmeterdnt Hébewaien sibt ypeeh-ed aktalandin
there was no change in the 10 appearance of the transm ssive optical
el enent 689 ®BRecver dedscwmieed| tbyf sevakdaticar cengérni iy X-ray
infiltration of the deuterated water into the surface of the

transm ssPVETEFGAT el AR 65 e Mmetrl dEpln &% bt i 6nrmed ducotiance

with the seceQ~ dary ion tgfs%l spectrometry 15 (SIMS) , it was confirned
that’ t he GBUC&SIt'EF Wit FaAPtLng ety dhaRe t e eaaadnteseve

71 m for A8 WHePRsd i HopS oot Y Enrblds esErl Bad TABBB0 (71
il m and ERS prst SATHe 11 1A For the éﬁ%ﬁ”f Lo o 4 o B0 of
t he vacuug,vapar ﬂ?@@éﬂh&”m@%@%‘! or the CVD net hod.
Next, a silicon dioxide (8i0,) 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 Dby 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 {fransmissive 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 elément 58 in the depth direction

in accordance with the secondary ion mass spectrometry
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(Exanmple 6) Fig. 45 is a view showing a configuration of an 25
optical elenment 50 of this exanple. As shown in Fig. 45, an
anti-dissolution film52 nade of magnesi um fluoride 167 N PF04.505
(MgF2) is formed on a surface 51A on a substrate's side O£H

optical nenber 51 and on a side surface SIB of the optica ﬁ@%%%ﬁ 51
by use of a wet filmformng nethod, or by spray coating in
particular. Here, the 5 anti-dissolution film52 nade of nmagnesi um

fluoride (SGHES) , is wosnethfiraadopicand et akiess t@fr Q185% ¢ %
193 nm on the surface 51A on the substrate's side of the optical

menber 5linfgdaratye iwtofthm mertmlng et hoa. means a filmformng
nmet hod includina]the steps of dispersing 10 a substance intended for
forming t KeXfPme la certain solvent, coating a filmforning
surface with the solvent, and drying@?nd removi ng the solvent after
coating. The Sot%entfuskd BRertiewshoodronl § bord isplventonhatt a
all gows upiform.di spersion of the intended substance w thout 15
condensat F bAREFISEET HPPALICEE. ef AUpatt e ifarhe £xeoindent . sBshsasn
al cohol or aP.orggQic solé nt is used herein. Wen formng the
magnesi unt 1 UoF T de® ¢ MjR2F APPEMOBY Ffs [T T HeT wet L1 i ¢ tn i ria e dréthod,
it is prefge gh Lo €3 ut the follow ng.three types of reaction
processes. ﬁ; ?ﬁ)%ﬂ&ﬁ% %g%?iéqﬁeyfﬁ ﬁa&ﬂé§#&ﬁ%ﬁ:_%I%OnﬁﬁhéﬁlZHF-k
rrlvgg ﬁg‘gooo%gbétrmlzezo'f g%mflgo'r)idy %%O}H;“\?sréco C[:'h% /sp%ltl%:%xrlidneg
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 egqual 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 20C 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 1is equal to or above 97%. Meanwhile,

25 sclubility of the metal film 67 to water is equal to or

below 1 ppt when the film is formed by the sputtering
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2HF + My (C2H50) 2 -. MgF2 + 2C2H50H (iii) Trifluoroacetate /
al koxi de nmet hod 25 2CF3COOH + My (C2H50) 2 , My (CF3COO) 2 + 2C2H50H
My( CF3000) 2 t hermal deconposition MgF2 168 N PF04-505 After
adjusting a sol solution in these processes, it is preferﬁgxi[lg to
carry out either an organothermal process or a hydrother %Or‘*d@éss
as a pretreatnent. In this case, it is possible to performany one
of or both 5 of pressurization and thermal nmaturation. Details of the
above- desmekthedi.wet film form ng nethods are disclosed in US Patent
No. 5,835,275 for reference. As for the nethod of coating the
substrate with Ame ssbesdmeriton, was | eastforena: mRodyks sejectede
fromthe spin coating nmethod, the 10 di ppi ng net hod, the neniscus
net hod, theasprdys scoat i owticel hedemand téte phisntiing Inet had ExAfHele
coating the substrate with the sol solution, the filmis formed by
heating afd & &fpvithy €RE i gemine et tarce Ties S wefsacenBiAt eahbihes e
substrate's side and the side surface 51B of the 15 optical nenber 51
madg of caFctifm FrEbRFIBONEREAVROLI Bl Gy of 2otlei! 92 tihim ek iveal S1i¢ ad
The filmformed by use of the wet film

}Moﬁ Prioﬁtg_ Lé?%'gégﬁ%% g f“g%?%lfgrﬁwn’éﬁamﬂéaﬁia&r ghitlical sl gvempiar ed
repr osent 58 Ty Evd A R0t 4por Hefosh FBR - mebAGUL 67 e SRAUTENTR
method.  Aesendinghyentisles necessany. (o diaal s e el A didm to
65 were not peeled off, and there was no change in the
10 appearance of the transmissive optical element 5.
Moreover, as a result of evaluation concerning
infiltraticn 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 £ilm,
20 the metal film, and the protective film for the
anti-dissolution film by use o¢f the wvacuum 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
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In particular, when the filmis formed on the optical nenber nade of
calciumfluoride by use of the wet film25 form ng nethod, there is a
risk of surface deformation attributable to the |linear coefficient
of expansion of 169 N PF04-505 calciumfluoride, or occuglﬁﬁ 50%f
cracks on calcium fluoride in an extrene case if the anne (84
process is conducted by rapidly increasing the tenperature.

avoid such a trouble, it is essential to raise the 5 terrperature at
a | ow rat éMoAR} héﬁgfformtﬁtésirumf:#mnfhde 6VBF3) ias suset dDictheside
anti-dissolution filmin this exanple, the present invention is not
limted t8ft AR Potdgsilngenhey s5byalailon nee anisd @ st b @e t BLBSEE Sthicon
oxi de (Si 02}: formed by the 10 wet filmform ng nethod instead.
(Exanpl e 9PLECGL Ef‘@“il%e%% & sRewPhga avebnfi urteiningfnanhodpt beal
el ement 53 of this exa As shown in Fig. 46, an anti-dissolution
film55 nide of PSY co O@)ajdég(&JGE) BRTEIewiaEd on a Bewéace BAA on
a sybstra i.de tlc er 54 in an optical film

t hi gknessgglﬁoﬁéﬁf OJ(% T@ %Bym%gb OF PERE SSoThEaRPEFde MpRg)

met hod. Thenfeaftgj(rj a heated S|fed surface 54B of the optical

menber 54*FsTR65CE Wi A P EHRS Eé%@n@h&icﬂﬁ?@rﬁ(%)o %ol At i B3

I LS, BREU A shELsne iy SRR LR e
irregul aro8hapR8Y member 51. Here, the wet film formingmethod 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
i5 condensation or precipitation. In particular, a solvent
such as alcohol or an organic solvent is used herein.
When forming the magnesium fluoride (MgF:;) 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 (CH3COO): — MgF, + 2CH.COOH
(1i) Hydrofluoric acid / alkoxide method
2HF + Mg (CpHs0), — MgF, + 2C3;Hs0H
(1iii) Trifluoroacetate / alkoxide method
25 2CF3CO0H + Mg (CzHs0)z — Mg (CF3C00), + 2C,H;0H

Mg (CF3COQ)2 — thermal decomposition - MgF;
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inside other irregular shapes. In this way, the al kyl ketene di mer
is formed into a superhydrophobic film 25 having a contact angle
equal to or above 160 degrees. This phenonenon i s understood by the
fact that the 170 NI PFO4-505 follow ng extended Young's hgpfay-ss
hol ds true assuming that O is a contact angle when a substance
having a contact angle 8 is fornmed into a fractal structure having
the surface area that is r tinmes greater. 5 (Formula) cosof =r

(Ys' YsL) =rcosOPI¥er p@iestyfadansrds sediftdom tigndimsofpmocetsds, yL
denotes syurface tension of a liquid, and YsL denotes interfacial
tensi on baFwdeh RTeL88RPd carfP t BRI FYqoNE. Sstkabwan wndsmso thérmal
formul a, the contact aggle q§fones greater when cos 8 is positive (0
> 90). | nPHPRESSWEFdE, PYAE FNShIAL PTRFESS |39 PrepesrbRenton The
contrary, .3k nt act. .angl e becones_ _snal | when cos 8 is negative
(0 < 90) tfltlIl(rgl %t%ﬁeer’ Jvi'brjg%,p?%%l?ggmtf'spﬁﬁ%ré’%tat%l@? P 1 e ihethd.
15 t hou | r I ractal tructure _is used
For “the antid Sarorran Tl Povor Phoad hatubhliahe, PEHA LR 85 tas

ossi bl e tay L Lk | | =di | UL ff the side
gurface b§98§% g¥ng?%§ég&€§%fggpkkgggii%'peﬁggﬁ%spggééggﬁgygﬁgﬁ as a

wat er 20 yepehtentk paocg,sgsep@ms: RErar-SELRRA LOUPRisNG,20e0L fdHhoa2H

2H, 2H perfluorooctyltrichlorosilane).

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

18 optical member 51 made of calcium fluoride need to be
protected by the formed f£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 f£ilm 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
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Alternatively, it is also possible to apply a water repellent
process using a typical electroless plating nethod. 25 Results of
verification of the optical elenents of 171 N PF0O4-505 Exanple 6
and Exanple 7 will be described bel ow. Magnesium fl uori den&&%ﬁéﬁ)’ S
formed on a bottom surface of a rectangular solid calciu r30%de
optical elenent as shown in Fig. 47 as the anti-dissolution film5
by use of the wet filmform ng nethod, or by spray coating in

particul acal®hem fhgoesden fctmuor;bde.r(ﬂwﬁ?é b$ fdlrar@@ls en asideyy
surface of the calciumfluoride optical elenent as the

anti - di ssblubirédef iilmmasy aserafiet beseet £f the handang nd aihnge s o i Hy
spray coati ng in particular. The 10 anti-dissolution filmidentical
to the antpngdiusisiditPyn rapidd vl iBEcams =ity i shiorp@upenaanrent i cad
el ement 57 shown in Fig. 47. This optical element shown in Fig. 47
is defind¥cad aS¥ahple froghliconidi oké desESindR)al s thor nedsen he
bottom surface 15 of a rectangular solid calciumfluoride optical

el eRent  S8MBREFYYGE FHly. 2 4BCYs teRke -ant i - di ssol ution filmby use of
the ion beam s teri ng nmet hod., Then, the alk ketene di mrer
solution is co%ﬁeﬁh%ﬂﬁ dPragest v dilnesiie a ) ihersed cfaimthe

fluoride optical. nt as 20, antl-dlssolutlonfllm The
anti - di ssoﬁ% i %ﬁ‘s Jf%lréntjflc i t & aht iISFRERET ut i O f iRTR ANt

Exanpl e 71h§er\ft:(1 'Eeq.sOQloacn lcl%{[ Itcéf’l el & §RD foregc?lng I nI‘Iczl ].gS lfr}? airhl S

means possible to use silicon oxide (SiC.;) formed by the
10 wet film forming method instead.
(Example 7)
Fig. 46 is z view showing a configuration of an
optical element 53 of this example. As shown in Fig. 46,
an anti-dissolution f£ilm 55 made of silicon oxide {Si0s)
15 is formed on a surface 54A on a substrate’s side of an
optical member 54 in an optical film thickness of 0,653

(A= 193 am) by use of the ion beam sputtering method.

Thereaftex, a heated sided surface 54B of the optical
member 54 is coated with an alkyl ketene dimmer (AKD)
20 solution, When the liguid alkyl ketene Jdimmer 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 f£ilm
25 having a contact angle egual to or above 160 degrees.

This phenomenon is understood by the fact that the
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optical elenment shown in Fig. 48 is defined as a sanmple 2. 25
Magnesi um fl uoride (MyF2) is formed on a bottom surface of a
rectangul ar solid calciumfluoride optical 172 N PF04-505 el enent
as shown in Fig. 49 as the anti-dissolution film by use ofyibfig. &t
filmformng nmethod, or by spray coating in particular. A side
surface thereof is uncoated. This optical elenent 59 shown in Fig.
49 is defined as a sanple 5 3 (Reference Exanple 1). The foll ow ng
exper i ment OkaS"Idrs ofFednBedue g tshef o wawphebolds2 trare 8ssEngng50
is a view_show ng a configuration of an experinmental device. Pure
wat er 66 tgta%t‘ﬁ% Fefrdtlt afr & 289 TPOEIRE pFubShaNGe thak 87 aneeet ot £10

pol yet her _et her ket on PEEK), which is |arge enough for the vol unes
of the opfidal’ e¢eﬁ%n%§’&§‘f%<538n\,l\@%na gFackal et BHCEB rRude Bindethen

(register r.ade i ut .intq. the pure water 66. As shown in
Fig. 50, tgﬂgtfg%tq"l %é(gejf%%gnﬁss g?%lg%e,sa % hre put into the pure

wat gr 66 geclahihat only the bottom surfaces of the optical elenments
57, 58, and 59 are soaked in the pure water 66. The tank 64

contai ning the 9 tical, elenments 57, 58, and 59, the pure water 66,
and the beaﬁ&;.r:ﬁ@s—i-gﬂﬁ&r&dgpo a constant-tenperature tank 70 to

mai ntain a constanf: 20 tenperature. The tank 64 used herein has a
sufficiently large size relative to the volunes of the optical

el enents 57, S8ere, ys denotes surface tension of a solid, yy denotes

surface tension of a liquid, and yg, denotes interfacial

tension between the solid and the liquid. As shown in this

10 formula, the contact angle becomes greater when cos 6 is
positive (8 > 90°). In other words, the film is a more
liquid repellent. On the contrary, the contact angle
becomes smaller when cos 6 is negative (8 < 90°}. 1In 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, 1t 1is 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 applyving a silane couprling agent (1H,
2H, 24, 2H-perfluorcoctyltrichlorosilane}.
Alternatively, it 1is also possible to apply a water
repellent process using a typical electroless plating
method.

25 Results of verification of the optical elements of
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and 59 to reduce a liquid level change attributable to evaporation
of the pure water 66. Moreover, the beater 25 68 is used for

mai nt ai ni ng constant solubility even when the optical elenents 57,
58, and 59 dissolve in the pure 173 NI PFO4.505 water 66 gafgkdpEeby
generate a buffer solution. After a lapse of 3 hours while soaking
the optical elenents 57, 58, and 59 in the pure water 66, steps
between the bottom surfaces and _the side surfaces respectively of

t he opti chFaBPéreferiisd sFxanBleard wid ndre deasuibddworh oar.

st ep- measur enent %ﬁgge havi ng resolvin%1pompr of 0.5 nm As shown in
Fig. 51, the bdid uPPadedombde hd Matue sif f Aesdest aheaoptdithdm

el ement 57 g%he sagple %? and the ogtlcal el enent 58 (the sanple 2)
di d not dfSS6FTE & & I C?ﬁ?Qﬁi?ﬁes bher GRYC iR famegiste it bpelca
el ement 5 he,sanple 3), .the.side_surface was corroded in an_ anount
of aboutggé&ﬁﬁF %Ftﬁ%&&#‘ﬁﬁe%&ghtgglaﬁag Cof it fre PSS t i f Bkl of
thegoptic 9 . le 3) did, not, change. However, K as
shoun' i n B g €37 6 e B AP Enihal R BBy, PR TR AT gty od
the bottom, surfacgiwes pankial Ly dest o e gorrasion on
the side syrl?%%e. (Exanpl e 8) _’Fflm_g.gI 5% Flg[ygg\l}gg\eiivdts éédmg%é?als Srmed
conf i guUr abh o0 o si@0ed & ansisl va10ALIC gh el amRnb R0 Of Bxample. B

As shown in Fig. 53, a silicon dioxide (Si02) fi I's formed in
a thickness tife 20@ v oSG SULbACE: Dh by 8YBSI# 3@ Qb +CAl Gf WBrming
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 {5i0:) 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 sclution 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 (MgF;) is formed on a bottom

surface of a rectangular solid calcium fluoride optical
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fluoride 52 by use of the sputtering nethod. Next, a silicon dioxide
(Si02) film56 is formed in 25 a thickness of 50 nm by use of the
wet filmformng method, or by spin coating in particular, on a
surface of the 174 NI PF04-505 silicon dioxide (Si02) filmb54, which
is formed on the surface of the substrate of cal ci um fl uoMNRE4s®5py
use of the sputtering nethod. Specifically, the surface is coated
wth a commercially avail able sol-gel silica 5 solution for wet film

form ng aklameat@tdNereeed Ofpithe 4 SuRsERAt i B Lt 0p0 to
2000 revolutions per mnute. I—lletgl:e, the fil mtnLhtirlcElnless 0 {JE?O@ Es.% Tcon

di oxi de b§i 02} &f|4h&Gid0 rha f eomad oy nbhe cwet oEiwﬂléﬁf %%@Hﬂ@g

depends on the concentration and viscosity of the sol-ge

sol uti on forpasetitiullm:f.or @ sddet herFatattngrepeeds fcddegubstyate
in the spin coating process, the tenperature, humdity, and the

li ke. Accopdilmglly eligmerng: 5@ssbnwinal ntoigr otude derfanald/hisCals G Ve
concerning the filmthickness of the silicon dioxide (Si02) filmb56
15 %l at i 8e (R& fieeeomcenenaieod Jand the viscosity of the sol-gel
silica solution for_wet filmformng by use of the concentration and
the viscosity off®He shPvyes %W%ameggm$ FeADrrmed Hy umef ofnilng as
paraneters. Nganvx/ni le, ., the filmthickness of the silicon dioxide

(Si 02) fiFPAT8650 formed BYPS he-wetF59t m3%r #fng nEtiesd $kowdnat oa 50
nmin order .t.o rrir]qirrize ensile stress on the film Wen the film

t hi ckness C8f- S & & 11 Wor° T DXi TP BETBSP LA Regd & Pure water 66

at the temperature of 70°C 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 liguid level change attributable to
evaporatilon of the pure water 66. Moreover, the beater
25 68 is used for maintaining constant soclubility even when

the optical elements 57, 58, and 59 dissolve in the pure
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set equal to or above 150 nm it is necessary to pay attention
because cracks may be generated on the filmdue 25 to stress

rel axation. Next, the silicon dioxide (SIQ2) filmb56 is subjected
175 NIPFO4.505 to an annealing process in the air at thenéﬁﬁﬁﬁgﬁgure
of 1600C for two hours to evaporate al cohol, which is a i 5
solvent of the sol-gel silica solution for wet filmformng, and to
sinter the silicon dioxide (Si02) filmb56 formed 5 by the wet film
form ng nethed. ckhexrahndadiaigy pyosesatiesa pearfenmed Qi ihe. Sidtcop
dioxide (Si02) film56 in the air and the entire substrate of

cal ci um f hubarde 62 3 shawesn|whi heateskidgcioredingt Vea Do Da®QEs 057,
variation in the shape of the surface occurs. 10 An experinent was
perforned>By a3€ 8P ihethe rmseiwastere opt isadp elenentes 0t thothen
tester 80 shown in Fig. 42. As shown in Fig. 42, the tester 80

i ncl udes SP’h’éa%Ppﬁédh%hl%I@rl%SUtI}féC@Er celsaeiced yripog2theptical
deut er at ed mater supply device 83, and the buffer tank 84. 15 One
surPace oflERE EEp g hd(ﬂﬁf8laP§(nﬁ% Waget haEsimed 8¥ith a

provi ded o th en surface. surface of the transm ssive

opti cal ngﬁBnF‘ Whepe™ %9%??g% lﬂgd&?ﬂ%lv%EFOQ?wﬁFlﬁﬁ %45 - 56
are formed on i.s_attached hg § E%%gie of . t he sanpl e hol der
81 and is seal 66 Wit 24" hd%-71h HEEQ SRt BPY EP8UHIIT ed

o e sdeen i henypumy o 9 g gL clsdal o
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 58 (the sample 3) did not
change. However, as shown in Fig. 52, the
15 anti-dissolution f£ilm 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 8. As shown
in Fig. 53, a silicon dioxide (8i0Q,) 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 (Si0:)} 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
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81 through the buffer tank 84. Here, the buffer tank 84 is provided
in order to prevent transm ssion of vibrations 25 of the circul ation
punp 82 to the sanple holder 81. Moreover, by supplying deuterated
wat er (D20) instead of 176 N PF04-505 pure water (H20),

possi bl e to nmeasure an anount of deuterated water |nf|Itrat|ng tﬁe
surface of the transm ssive optical elenent 50 in the depth
direction after a water resistance test. 5 Athirty-day water

resi st anceéliéserngsi wbhdect 8d0bYy fiudm 6.t hehitadst s 86rwhid e the
traveling speed of deuterated water on the transm ssive optical

el ement 5®u§5§cﬁePﬁgt§€tSu@aﬁéﬁt@oogocéhﬁéé@ fhgoaipesfRtbytiee faf ns

formed on surface of the transm ssive optical elenent 50 were
not 10 peH‘@d B LSRR Eh ST RRS - no SERsTigel Gl L he ApseasnnEacef i he

transmsswgt gﬁlca% elenent 50. over result of evaluation
concerni ng" | nfgl | t VAt Por® of T T %I]e%i ataef@aﬂké:i'el MY THRe! s driflec of

t hegt I th d t

hecsr dancab $BELPm, Wi S BT Hardiid & 2%&%%@1‘4 ?ﬁ%ze's«%’q%s#‘ the
was confsuﬁgqrtaf%aet ey dfyﬁgaakﬁgmwo%ro Pl 2980! PLLLI LIRS T the

silicon oxide filnms. The spu tering method 1s used as flﬁﬁn

formng mehhed.i nH@f‘%”p"c% flllﬂrsﬁ:ﬁ%@’knetssl S Pegl 08 119 %r m g, 20
filmfor preventlng di $sol utlon 0 transm ssive optlcal eTent
by use of ($bhe,VariLm ¥QRY bRepashkkony mémqgt@lﬂnh%o%dgem%od
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 (8i0,) film 56
15 relative to the concentration and the viscosity of the
sol-gel silica sclution 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 (Si0;) film 56
20 formed by the wet film forming method is set to 50 nm in
order to minimize tensile stress on the £ilm. When the
film thickness of the silicon dioxide (Si0;) 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 dicoxide (Si0:) film 56 is subjected
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(Exanpl e 9) Next, a transm ssive optical elenent of Enbodinent 25 9
wi |l be described. A magnesiumfluoride (MF2) filmis formed in a
t hi ckness of 70 nmon a heated calciumfluoride 177 N PF04.505

substrate by use of the vacuum vapor deposition method. I—%@ 4\_/gp§n
heating calciumfluoride to formthe magnesium fluoride ( 5 rm

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 &Pt#PbababRe ing @uowersmlin myection athe healteinmadd t1or & der
substrat e havi ng a high thermal expansion coefficient. Moreover,
when heatf§°6rredotvadraives cd civapdtabeialbcobobstwhieh i 4 Snain
necessary t %erfo%m heating aor ¢ooling .10 at a low rate.

N

Subsequen AP Fishoailodicdes t st e8)Se1 ek P8 fogr wed £1lmfomickaess
of 50 nmpb quse of. tthe v%t: fi]f\form' ng nethod, or b’ﬁ Spi n coating
in particul'8r -“of*& < it of-1hen ﬁégﬁééﬁurhsfll%ér iCdd Iy MpFDo1me dn
whi gh i t f f. 1 bst r at f | ci _
Fludri de 89 T2 ‘B (e Ee g B0 e poot s Gt ke REA 9 o 1y,
th f ' d-pit h. a. j i ahl | - gel ilica
sol Ut on Tor et ri e Fhers gt SO S Bt Bued By Sthidctheti it o

. | a T S o Bt
|03 rangeafrom 1000: 10, 2000cceval uEO0R Py PR, S DL Sy HEY Gy 1S

filmthic_kness of_the silicon i oxide (S _ ormnme
the wet fhésrtarm ngcorrtibefl geprndamad he &QPEE@HBQHIQ%}?@%hape

viscosity of the
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 B3, 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
{510;) films 54 and 56 are formed on is attached to the
open surface of the sample holder 81 and is sealed with

20 the O-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 hclder
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.

Morecver, by supplying deuterated water (D,0) instead of

176




sol-gel silica solution for wet filmformng, the rotating speed of
the substrate in the spin coating process, the 25 tenperature,
humdity, and the |ike. Accordingly, it is essential to produce the
anal ytical curve concerning the 178 N PF04-505 filmthi cg\ﬁllgﬁé %Jf
the silicon dioxide (Si02) filmrelative to the concentrafti 4o
the viscosity of the sol-gel silica solution for wet filmfornng by
use of the concentration and the viscosity of the sol-gel silica 5
sol uti on Perewetatfad niH.0N M g ds parsansibs sto Meaawhi b ean dhsuhil B

t hi ckness of the silicon dioxide (SiQ2) film formed by the wet film
form ng néehd¢natedt vots0 nnifiiltoraleingo whai msze fteensi |©f St £BES
on the film Wen the filmthickness of the silicon dioxide (Si02)
filmis séfa2PFTEf Ml VE o0BE18Bdve BB MM 50t insthecdsypaty dixreayion
attention ecause cracks nmay be generated on the filmdue to stress
rel axati oAT *R&xt2 HHeSLi FPE6ATESE degSi02) filmis subjected to
the5anneal i ng ess. in . the ai:r at the tenperature of 15 160C for
two °hours to evaporit &Y af@8ndr Fenf SRIFLarRe REsh €afverrdbEteReby

2017 9cl shbyeassolution oo il b OLLOg, , andobe siiter the
subst rat o or 2P cne 20 A e RR TRokOukey Fhent L Bafabrang, oo
e oA 5780 HR/E SOl %S B E 5l on ene
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 £ilm forming
method in Example 8. 1Instead, it is possible to form the
20 film for preventing dissolution of the transmissive
optical element by use of the wvacuum vapor deposition
method or the CVD method.
{(Example 9)
Next, a transmissive optical element of Embodiment

25 9 will be described. A magnesium fluoride (MgF;) £ilm is

formed in a thickness of 70 nm on a heated calcium fluoride



transm ssive optical elenent of Exanple 9. As simlar to Exanple 8,
a thirty-day water resistance test was 25 conducted by use of the
tester 80 shown inrig. 42 while setting a traveling speed of
deuterated water on the 179 NI PF04-505 transm ssive opti§€#¥é¥%ﬁpnt
of Exanple 9 equal to 50 cnisec. As a result, the filns f

the surface of the transm ssive optical elenment were not peeled off,
and there was no change in the appearance of the transm ssive 5
optical ebehettrathbreowese @8 the esattuafl vapaluadlbip i G afdt g .
infiltration of the deuterated water into the surface of the

transm ssHezeoprhenlhed timgtcd Icile apihi dditketdiartid acopisdanes
with the secondary ion nmass spectronetry (SIM5) , it was confirned
that the Béupgigteed (MoFuht diildh dinok ivAchtmat eHent entheesidd bomm
oxi de fi The vacuum vapor deposition nethod was used as the dry
filmfor nﬂﬁ%é%oﬁ%sg(agﬂ ghgulichfregiventyi beapessiil extdef otm
the_filmfor greventlng di ssolution of the transm ssive optica

el efflent byvasE SPRHEE st tV@ﬁlr@gthrs Bt iS@ &hqm eYDtRet ok face
Ex | 1 howi fi ti f
(Fana <o Ob-Ghea ARl S B S ! Borsas
ti-refl ff t | | th f .193.4 20 As
o+ EibLAD A Gy g 2R E%ﬁhﬁe?r% gF%’)‘P???Fhoneﬁoé?ffaln?n}ﬁ?%Y
| ayer, aZﬁ39@%$é¥“f&ﬁ@ﬂ'ﬂ?ﬁ%%?FZ%Q:éJBfgnga§hg 28921 %di¥ﬁudr1£

| ant hanum 1 uori de (LaF3)
substrate, it is necessary to perform heating or cooling

10 at a low rate.
Subsequently, asilicon dioxide (Si0;) 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 (MgF.) film, which is formed on the
15 surface of the substrate of calcium fluoride by use of the
vacuum vapoXr deposition method. Specifically, the
surface is coated with a commercially avallable 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 (Si0:;} 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
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62 as a third |layer are forned on a substrate nmade of cal ci um
fluoride (CaF2) 59 heated by resistance heating in 25 accordance with
t he vacuum vapor deposition nmethod. Subsequently, a silicon dioxide
(Si@) film63 as a first 180 NI PFO4-505 filmconstituti Rgpp@iosof
a fourth layer is forned in an optical thickness of 0.08, by

el ectron gun heating in accordance with the vacuum vapor deposition
met hod. Then, the calciumfluoride 59 including the first layer to
part 5 of fih& ¥dlFkRessyef Fle tsalkecoutdiofx ity déum) chahberelative
Thereafter, a_silicon dioxide (Si02) film64 as a second film

consti t ut FRg P4 t CORCERETREHA™h 3T efbes Vargasi tn o&n toyst sl —gel

t hi ckness _o .0.04@62& t.he m§t filmfaormng_ nmethod, or by spin

coati ng iﬁlééf:tai cBP AP TRt Lo0Fhe™dB diliiohCdPdRiddeLY S Pifl nkBe i s
subj ect ed nneal in rocess in the ai t the_ tenperature of
160C forC{’\%Bte A O PR oh e P PP B 0N Vai iﬁ%e(épézﬁeﬂi | L 522
formred by fd | 1 .. Refractiv indices n.relative
Lo B 1T gne PP oG e et £ a8 Guave PRTGTIF k7 S08 P HTH G

optical Tihin I kneRsen s 1o} AthKe &1 41, | LOBL KX SN0 NG

central wavel ength 193. 4 concerning rate,

AR e e e s e A U
1. 69, nd=00a6@) to SeEGONE tayeeasMIE2stResk 4 tHE £ 666) 'Wwhen the
film thickness of the silicon dioxide (810,) film is set
10 equal to or abeve 150 nm, it is necessary to pay attention
because cracks may be generated on the film due to stress
relaxation,
Next, the silicon dioxide ($Si0Q;) film is subjected
to the annealing process in the air at the temperature of
15 160°C for two hours toc evaporate alcohol, which is the main
solvent of the sol-gel silica solution for wet film forming,
and to sinter the silicon dioxide (Si0;) 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 Fig. 42 while

setting a traveling speed of deuterated water on the

179



Third layer: LaF3 (n= 1.69, nd= 0.52); Fourth layer: Si02 (n= 1.55,
nd= 0.12); and 25 Medium H20 (n= 1.44) An experinent was perforned
by use of the 181 NI PF04-505 transm ssive optical elenent 58. As
simlar to Exanple 8, a thirty-day water resistance test WaSFo4-505
conducted by use of the tester 80 shown in Fig. 42 while a traveling
speed of deuterated water on the transm ssive optical elenent 5 58
was being equal to 50 cmisec. As a result, the filns forned on the
surface ofFERETESSHSHE sePVéCapt AT enefhit ExB8mks e negupdeled HOf
and there s no change in the appearance of the transm ssive
optical efBigff 5848 %bF@é\‘/lért,' &d1% fidatn tf omes fudth o rsenheee nd ig

10 infiltration of the .deuterate ter into the surface of the
transniss#@% b PEEFSEPQEEHPL%é”ﬁhgﬁﬁ@ﬁﬁépﬁﬁﬁﬁ PectPeRLernc A€ cor@ance

ith the ion ronetr SIMS)., .it was confirned
that the Toeto ek e Bage oG TR dar d bl s i SRS 450

Ex I i ELQ. j i ] canf.i i of X
{ragom oot yeicat: Spenfal. | MRrIR0 Sty AL B8R, Yudlyationg

a surfacecéheatmBily 1% Herd o fegh o %@Qﬁéd@éﬁt@é.&@%%%“ﬂ% Lde

66. Specifically, the substrate of 20 cal ciumtluoride 'S polished

Wi th a #20@9fgriend fStaeet rhd siy8aae cPH f A6 4 MPERESS, ankl thes
surface area thereof. Then, the substrate of calciumfluoride 66,
which is direction in accordance with the secondary icn 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 (LaF;) film
60 as a first layer, a -magnesium fluoride (MgF;}) film 61
as a second layer, and a lanthanum fluoride (LaF3) Tilm
62 as$ a third layer are formed on a substratemade of calcium
fluoride (CaF;) 589 heated by resistance heating in

25 accordance with the wvacuum vapor deposition method.

Subsequently, a silicon dioxide {Si0;) film 63 as a2 first
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subj ected to the surface treatnent by polishing with the grind
stone, is coated with a silicon dioxide (Si02) film25 67, which
serves as an oxide anti-dissolution film in a thickness of 100 nm
by the wet filmformng method, or by 182 NI PF04.505 spi pys, t_é’ogg
in particular. Next, the silicon dioxide (SiQ2) film®67 is subjected
to the annealing process in the air at the tenperature of 160C for
two hours to sinter the silicon dioxide (SiQ) film®67 forned by the
wet filmE5lRofRPAG ifsttoty pevexplra e wasl pee £ of seto byedsenoént he
transm ssive optical elenment 65. As simlar to Exanple 8, a
thirty- da?P%Férl r@sjr%]ti%ﬁéé o€st0 WA cordedtesd: thyn ugen afeatdiemd esher
80 shown | etting a traveling 10 speed of deuterated
wat er on ?ﬁ%of:g&ﬁlfrﬁ ?&i %ﬁt‘f%‘é Ul el Rl 65 Bhuhen e B0 & i sBizen As
rface of the transm ssive

| | d
gp{ ?igl t ef erren%icggm\/é?rgg%&ﬂ%ggél bﬂggF#lnﬁthEﬁh‘éFés%a%aﬁérch‘adg%rt n

t he app t m sSsi v tlcal nment 65. 15 Moreover,
as a resu eva 1]ilt]fho%gggncer i ?nP i DnVBF Uk fe RSBt ed

wat er mt@hép@asfqgrflac% Qf; t%téwﬁgsggioﬁdargﬁf‘oﬁ& ement 65 in the

depth direction 'in’accordance w €co s second

nor - 20 initTirare T e TRt R o dRe St avae S g een s a
view showiRgoR taHi OR aELABSST F 0.04% by the wet film forming
method, or by spin coating in particular. Next, the
10 silicon dioxide (Si0;) film 64 is subjected to the
annealing process in the air at the temperature of 160°C
for two hours to sinter the silicon dioxide (Si0,;) 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: CaF, (n= 1.50);
First layer: LaF; {(n= 1.69, nd= 0.60);
Second layer: MgF, (n= 1.43, nd= 0.866);
Third layer: LaFs; {n= 1.62, nd= 0.52);
Fourth layer: Si0; {(n= 1.55, nd= 0.12): and
25 Medium: H,O0 (n= 1.44)

An experiment was performed by use of the
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transm ssive optical elenent 73 of Reference Exanple 2, which has an
anti-reflection effect at a central 25 wavel ength of 193.4 nm As
showmn in Fig. 56, a |lanthanum fluoride (LaF3) film75 as a first

| ayer, a magnesium 183 NI PF04.505 fluoride (MgF2) film 7@1113?0465 5
second | ayer, and a | anthanum fluoride (LaF3) film77 as at |rc?

| ayer are fornmed on a substrate made of cal ciumfluoride 74 heated
by resistance heating in accordance with the vacuum vapor deposition
5 net hod. “SHBSEGFSHYTS , CRESF L cOhCBEDL 48 -( SPRE2) ifiillm7 &0 Rxambbart h
| ayer is O”Tg: .b;_el(gctron gun heating in accordance with the
vacuum vapor? gﬁo%ﬂ"f FY et Ho' £ S 21 FR Yeit WasusPhHusTtiedebyLass)

film75 asct first t he, magnesi um fl uoride (MgF2) film 76 as
geih : h%n%m%% &H}Jijc%&(l_téflﬁsvje]f%m%siﬂe%@

| ayer
the 10 seécon el%‘ff%r?raﬁ TheYFahi
the third.ka I [ constituting the .transmni.ssive optical
el enent 7%k0¥8&g%gjraéc%c%e“}éa§a%rlbl%n Zth%a%axgﬁ%lﬁﬁger ePdGa v & i Hr s n
andst he sage,9ptheahs LMt L relative to.the.light. flux
havi ng t he 15 central vvalq{L/leI er%)t E’%g?'ﬁ‘?gfmg n%]‘sag ;{:ﬁossuceitdf Irf‘leegfhllms

| ant hanuntothuar bder & ahs3) fi&\larB@QI%S ttrlé%sfmjirs%h}@‘ﬁ) t’JIéJ' enl:eéqpeegti: um

fluoride (MgF2) film 61 as the second |ayer, and t ant hanum

fluoride $tawd)ef idon G aBedherthi behd avarre GRLLeghi waly 0'1%% iﬁr&’%i ng
the transm ssive optical 20 elenent 58 of Exanple 10. Meanwhile, the

silicon dappedean(cs 02) fichw 78rasskhe sfiow t bdwyer: has dfe, samyg |
refractive index n and the sane optical filmthickness nd relative
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 f£fluoride 66, which is
subjected to the surface treatment by polishing with the
grind stone, is coated with a silicon dioxide (Si0s) film

25 67, which serves as an oxide anti-dissolution film, in a

thickrness of 100 nm by the wet film forming method, or by
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to the light flux having the central wavel ength of 193.4 nm as those
of the silicon dioxide (SiQ2) film®63 and the 25 silicon dioxide
(Si02) filme64 constituting the fourth |ayer of Exanple 9. 184

NI PFO4.505 An experinment was performed by use of the tran%?@"g&
optical elenent 73. As sinmlar to Exanple 8, a thirty-day water

resi stance test was conducted by use of the tester 80 shown in Fig.
42 while setting a traveling 5 speed of deuterated water on the
transmi ssiswd ropt¢ bl ngelompartZi-whpml tMedd, ciheec il des &hexwaker
resistance test, infiltration of the deuterated water into the
surface of(Siffe!t FddshiGkile vpeieated| spemhe73nmeahnglapthicess in
direction was eval uated in accordance with the secondary 10 ion nass
spect r omettf RSFMBEY . the tenmsia tur deut 868°8df o netver hwas sdebest rdefr om
the inside.of the silicon dioxide (Si.Q2) film78 as the fourth |ayer
f ormed on es§371fc£d'é digFxitR t3i0mnitddiy & Tofprasd bvetbat W3, £add in
t he 3/i ci ni E?X:miOf the d’)nt erface wwth the | anthanum fl uoride (LaF3)
film 15 ; A hd T hrrd- | ayer. In conparison with the transm ssive

optical el enent,_of ference exanple 2, the transm ssive optical

el enent of Enbddi rreeg e%roﬁg%lht pr 8%&nt Rerﬁﬁtqlin?e'a‘iﬁi oﬁyof Ui 681; r o§P8n
by deuter ated Mater; Wit . .CGhangi pti,cal_.20. characteristic
thereof. Fig. 57 ﬁl%\éggag%cg o%gﬁgl%nﬁgq%.re &c If}lvlqui, to 1§xampie

char act er it b ath rhep-hbghhate Pre s ; SEGHLUD (U & BL8LL I d Bl AgRL O
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 (LaFs) film 75 as a first layer, a magnesium
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optical elenments of Exanple 10 and Reference Exanple 2. A solid line
90 in Fig. 57 indicates angle-reflectivity 25 characteristics of S
pol ari zati on conponents of the light incident on the transm ssive
optical elements of Exanple 185 NI PF04.505 10 and Referergprdzsayxp! e
2. Meanwhile, a dashed line 91 in Fig. 57 indicates
angle-reflectivity characteristics of P polarization conponents of
the light .incident on the_ transm ssive optical elenents of Exanple
10 and ReférefdéS [Bedimpl 812m 7 sRoRacomdrlgyes7, anlea lanthanun
angl e-refl ecti vi characteristics of the S polarization conponents
and the Pfg&%ﬁ t i dorfpdient’s 2% tihe 1d days heaenfoonedhen a
transm ssive optical el emgnt are equal between Exanple 10 and
Ref er ence SEXENSI%E D26 AL it M highyf L uar ide dfphreisedt et athiestance
transm ssi tic | nts _of .Exampl e 10 and Reference Exanple 2
have the h}%g?yt?ﬁglc;ﬁ% o?)??%]é “ehar éi’&%‘r ir%‘? CEECYHAuYEPPEl dERATERbPRi ty
15 desgl.i ab ent Layention.can rovi an, optjcal
el eﬁnt c%ﬁ]ﬁt :Rg(ér'edgzﬁ?sa%%fﬁf?i ptt}l %gﬁ ?%Irrll 0 oé”‘pdregj g%%(??gn ]g]p]t C{Zﬁ
system fram Beifgyg G ro Irlng%i' ' jy\/n_gf iquid.i r sion
met hod i s applied. The?gggrg?é ggcor |$\Lg to ?%gﬁg#egg!ﬁt hlenrgv%glnrfq on. it
s 20 posacbledandy arigle 8RockAGNUEE ARAN AdisoYhEehy! netapapl e of
a

sufficiently preventing dissolution of the optic el ement” "and
mai ntai ni ng optiead, perbol FARBE Y theioProd ecti®n optigals system
over a long tinme period.
first laver, the magnesium fluoride (MgF,) film 76 as the
10 second layer, and the lanthanum fluoride (LaFi) film 77
as the third 1layer 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
flucride (MgF;) £f£ilm 61 as the second layer, and the
lanthanum fluoride (LaFs) film 62 as the third layer
collectively constituting the transmissive optical
20 element 58 of Example 10. Meanwhile, the siliicon dioxide
{(Si02) f£ilm 78 as the fourth layver 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 {(51i0;) film 63 and the

25 silicon dioxlde (5i0;) film 64 constituting the fourth

layer of Example 9.
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186 Clains What is clained is: 1. An optical elenent to be used for
an exposure apparatus configured to illumnate a mask with an
exposure light beamfor transferring a pattern on the mask onto a
substrate through a projection optical systemand to interpesfyas05
given liquid in a space between a surface of the substrate and the
projection optical system the optical elenment conprising: a
transm ssive base material having a first surface on which the
exposure |ight *Beaff@fterieiht owehe Preafsiinsd vebasasmat erf al tha
second surface on which the exposure |ight beamexits fromthe

transm ssivE 5 Fra 8r PRFLC8hd 4 cEiedd S f adé SfimtiHer tvarkmnslve
base mate iq%%:qﬂgta_light-ghieldhﬁ% filnyprovided on the side
surface of ‘the THandnt' e VAT HESE S TR AP P8It TRt ¥asupenracd ad by veet he
roj ectiop +0p | t 2. The gptic l,ement _according to_claim
2, {/\,her ei %ftﬁ%éf?ég%€¥§hﬁr}s&oﬁ‘r§l ol %‘??S @o?“’ eo?eﬁﬁﬁngfaat%‘f%jr“flgl m
and met [ ' : |.C ement _accordi.ng to claim 2,
whefgin t%geﬁg?éﬁﬁf?thkg%ﬁgaquggg ?éag#”gﬁgrg%FE&FE& rd%ﬁ?%%af1

group consieiedd 78fefla1PRtoc AemMsecla, A\f\ke@dt?%a%?rxﬁeﬁ%&%‘%ﬂp

the netal oxide filmis made of at | east one sel ected

consi stingeef:, ZiAZi1bkQZicH 03 TERd5.qe9tQr ANy %f%hli 4éﬁI'ae the

optical element according to. claiml1, wherein the | ielding
film preventsaice adité amraofsities expopurie:dl ghbnleany 3anf ona $6&34+4 N9

menber. 5. The optical elenment according to claim1l, 187 wherein the
second suffigestdfon hea s ramsnissid e haseamiaidalwicontiacd sddengiven
10 lon mass spectrometry (SIMS). As a result, deuterated
water was detected from the inside of the silicon dioxide
(S10z2) film 78 as the fourth layver formed on the surface
of the transmissive optical element 73, and in the vicinity
cf the interface with the lanthanum fluoride (LaFs3) 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}) 1is 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



liquid while the mask is illum nated with the exposure |ight beam 6.
An exposure apparatus configured to illumnate a mask with an
exposure |ight beamfor transferring a pattern on the mask onto a
substrate through a projection optical system and to intey

given liquid in a space between a surface of the substrate and the
projection optical system the exposure apparatus conprising: a
transm ssiye b%§e material having a first surface on which the
exposure FPgRP BEARTENE L3RI ¢ - t Mgrnibloe badeshatetink, 92
second su&%age on5thch.the exposure |ight beamexits fromthe

i

transni ssive bdse naﬁ@ﬂ%ﬁ?t%ﬁuf%ﬁ%?aﬁe§g?F§é¥i6ﬂ'FN@IQQQﬁﬁ#ﬁ%%¢$e

base mat eri.al,, Li,ght-shielding fil rovided on the side

surf ace oé%t%é?$$§ﬁgﬁﬁgg9€ecﬁgggn%ﬁ%§NQﬁg%g8nYégEGbéPFég§n§i9@ Bhet he
rojectio ical . system. The,. e re_apparat according to

Cl o 6 MR T G R R AR R B Rt e

filmand axamtale oxpde filma8. The Osur g apparat us cor di to
claim7, wherein the netal filmis ng e of a? Ie%gt one §grecté€§?ron1

the group consighgpe-reff1fet iRttt VNI MNaraltdhe Ws e Nbbfn’tﬁ@d(%’
and the netal oxide filmis made of at | east one se?ected fromthe

group conpbitiri@ «ifi oW c@hpdifd?s s BrPrhéaR 1la§iiga@%go¥@?bneqr%tghe
cond sur

exposure apparatus according to claimé, erein the se ace
of the trafisphesivghbasechatetieh montacinsies Kryebeddaid Mide
the mask is illumnated with the exposure |ight beam 10. The

exposur e apparsatussl acedweieng Tangh be N1 6, atwdr thefe conpPei SikAGplea 2.

seal i ng nenber which prevents | eakage of the given |iquid, 188

whdfei n tRECPrgHEH elidi hg dPParesiprovt ddtk etamsani ¢ hieve rgrising s5i ve

base material of the optical elenment and the sealing nenber. 189
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 liguid when the liguid 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 o¢f <the

projection optical system over a long %time period.
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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 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

ZI'Oz, HfOz, TiOz, T3205, SIO, and CI‘203.

4. The optical element according to claim 1,
wherein the light-shielding film prex}gnté irradiation of the exposure light beam

onto a sealing member.

5. The optical element according to claim 1,
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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, T1, and Cr, and

the metal oxide film is made of at least one selected from the group consisting of

ZI‘Oz, HfOZ, TiOz, Ta205, SiO, and CI‘203.
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,
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wherein the light-shielding film is provided between the transmissive base

material of the optical element and the sealing member.

189



