DESCRI PTI ON OPTI CAL ELEMENT AND EXPOSURE DEVI CE Technical Field 5The
present invention relates to an optical elenent used in a projection
exposure apparatus adopting the liquid i nmersion nethod, which is
applied to the lithography step for transferring a mask pattern onto
a photosensitive substrate to produce devices including, 10 for
exanpl e, sem conductor elenents, inmage pickup devices (such as CCDs),
liquid crystal display elenents, and thin fil mmagnetic heads. The
present invention al so rel k&SGR IXPIMRQPPar at us appl yi ng the
optical el enent. 1SBack%round Art A projection exposure

appar at us ContGitfur BUEMENT, AADY EXBOYIRE ePBVIGRge 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 20a
projectiO@ep tnglls stiglis used for manufacturing sem conduct or

el enents and theeTT ket A% educed proj ection type exposure apparatus

(2.5F SEPEL) SPEbYEN:8o8he0: AP LeReet e had hes. DR copelLnane!
o P ARSI PRI, VL0 R S TS e
liquid immersion method, which is applied to the
lithography step for transferring a mask pattern.onto a
photosensitive substrate to produce devices including,
10 for example, semiconductor elements, image pickup devices
(such as 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



reticle and the wafer synchronously is also drawing attentions in

t hese days. Resol ution of the projection optical system

i ncorporated in the projection exposure apparatus beconmes 5 higher
as an exposure wavel ength used therein becones shorter or as the
nunerical aperture of the projection optical system becones |arger.
Therefore, the exposure wavel ength used in the projection exposure
apparatus is becom ng shorter every year while the nunerical aperture
10 of therfitdjdc i 8ndopthealvaist emyvinshyramhuagly iircr edsiongdahengg
devel opnents in finer process rules for manufacturing integrated

ci rcui ts. 2ALERGIPT T hel dbhrA&ndagsposure wavel ength today is 248 nm
of a KrF exciner laser, an ArF exciner |aser having a shorter 15
exposure wavel engFRLBELPI3 M i stRPso BEIRFpIRT | nPBthicadt i cavstiem
recently.inC r qui entgkly aloag.the reduction in the wavel ength
of exposuf8CRGRE 2 TS Ped bPed B4 hi 8P SFRORUTFAPRAUF #F PR COPEF cal
transmttan f or_ obt ai ni i.ght 20.intensity required for exposure
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this cont re. iscdigel r-0j L on_expesure apparatus of a
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with a liquid such ™as water or an organic solvent, dn

resol uti opabylebiddzivie@ iPhenoBronethabnt REWRLE! RN - SEROSHE B
light in liquid becones |/n (ndenotesarefractivei ndexofli qui dusually

rangi ng fbenvabeut shoktar bv@ry iyERs amilias g asullte Wavel ot 48
the air (Japanese Patent Application 5Laid-Open Gazette No. He
10-13031140€JPh&0» BO32 L4 1AN) opbiisellosyrst eof itshgriaaventliwhincreasing
along developments in finer process rules for
manufacturing integrated circuits. Although the
dominant exXposure 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 1light, types of glass materials having
sufficient optical transmittance for obtaining 1light

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
liquid immersion type configured to fill a space between
a lower surface of a projection optical system and a

25 surface of a wafer with a liquid such as water or an organic

solvent, and to improve resolution by utilizing a



The projection optical systemcontacts the |iquid when configuring
this projection exposure apparatus of the 10 liquid inmersion type
as the projection exposure apparatus applying the step and repeat

met hod. Accordingly, there is a risk that a tip portion of the
Projection optical systemcontacting the |Iiquidmaybe corroded by the
liquid, thereby leading to a failure to obtain a desired optical
15per f or mance. Meanwhi | e, an exposure process is perforned
whi | e novPAGELRRRSR tiifen tEenTa §ar FRE thhef frajeeer o latgodur biquid
apparatus_of the liquid jnmersion type as the projection exposure
appar at usbgﬁﬁ%ﬁ%é/?’h&n gteé"ﬁ’-faen%lﬁs%%i%rﬂﬁ*ﬁhéf&.ln@%x Adcbi-ghagl ysuatlys
necessary _to fill the space be en the projection optical system and
t he waferRﬁﬁﬁ%%%e%FPam%$q9Ftngmﬁﬂs%'8* holiSty 3helRarsr 25 hee
the projecti i.cal, system cantacts the liq éﬁ% there is, a risk
that the tg’iaﬁf%goeﬁﬁ%% 0 nt?\ct(;:hepr Sject i(d?rs?pﬁﬁsceal E: T PRt GRE R
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this invention is to provide an optical elenent configured to avoid a
tip portion of a projection optical systemfrom being corroded by a

l'iqui d wheR seapyitddot henki auivd it si on method, and to provide an
exposure apparatus including the optical elenent. To attain

the object the Presprbjiervarti ¥piiO¥i degstha tehtawW g Ot i L8huig
el enments and exposure apparatuses applying any of the opti cal
el ement s. when configuring this projection exposure apparatus of the
10 liquid immersion type as the projection exposure apparatus
applying the step and repeat method. Accordingly, there
is a risk that a tip portion of the projection optical
systemcontactingtheliquidmaybecmrrodedbytheliquid,
thereby leading to a failure to obtain a desired optical
15 performance.

Meanwhile, an exposure process is performed while
moving a wafer when configuring the projection exposure
apparatus of the liquid immersion type as the projection
exposure apparatus applying the step-and-scan method.

20 Accordingly, it is necessary to fill the space between the
projection cptical system and the wafer with the liquid
in the course of moving the wafer. Since the projection
optical system contacts the liquid, there is a risk that
the tip portion of the projection optical system

25 contacting the liguid may be corroded by the liquid,

thereby leading to a failure to obtain a desired optical



10A first aspect of the present invention provides an optical elenent
to be used for an exposure apparatus, which is configured to
illumnate a nmask with an exposure |light beamfor transferring a
pattern on the mask onto a substrate through a projection optical
systemand to 15 interpose a given liquid in a space between a
surface of the substrate and the projection optical system Here, the
optical elenent includes a first anti-dissolution nenber provided on
a surfaceP6f &PuRaMEHt ssi ve optical el enent on the substrate's side
of the projection optical 20system According to the opti cal
el ement of the #Rreftlaspert thire ifivestt g iisditospkaviide aenbeticsl
formed on the surface (a tip surface) of the optical elenent.
Ther ef or e SLiS G SO R @ 1R Vhtd @ §381 BPF&ACHF ofhe fopr] @@t ion
el enent agg 25Eh§reb§ to intain an optical_ performance of the
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proj ecti oRP&ptical 5 rom being corspdiedpbyt df lineisr asenn

i nventi on Ja Lcal .el epent _according to the first aspect,
in 3ﬂich £ %H¥?T§f1%ﬁ$ifgéggglh Pgﬁsﬁgﬁbgﬁ%ﬁﬁb’udﬁgdéF%igﬁﬁ%%@%y%F
film havi r i cti t t e gptical 5el ement
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provides the opiéGalt LB AEROLOING 10 J15 SSGRNL ASBPGL. o4 Dy whi ch

the single-layer filmhas solubility I n“pure watéer equal to or
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optical elenents of the second and third aspects, it I
reduce anapptlgrifraceanyn c¢oOnpaei 5k i\Waih e dmdbhtsayer film Therefore,
it is possible to mnimze an adverse effect of a chem cal reaction
whildh is apt t A dticust wrpethe f itde dpraddt riatwesnt dSnigk®vades an
interface of a protective layer serving as an anti-dissolution film
Mor eover , OPE1icg legdprenttot ¢ remnshd fa 1 mnasxpoaparetbt or & busptvtoicof
the anti-dissolution filmincluding the mu/tilayer film
1s configured to illuminate a mask with an exposure light
beam for transferring a pattern on the mask onto a
substrate through a projection optical system and to
15 interpose a given liquid in a space between a surface of
the substrate and the projection optical system. Here,
the optical element includes a first anti-dissolution
member provided on a surface of a transmissive optical
element on the substrate’s side of the projection optical
20 system.
According to the optical element of the first aspect,
the first anti-dissolution member is formed on the surface
(a tip surface) of the optical element. Therefore; it is
possible to prevent dissolution of the optical element and

25 thereby to maintain an optical performance of the

projection optical system.



A fourth aspect of the present invention provides 20 the optical

el ement according to the first aspect, in which the first

anti-di ssolution nenber includes a nultilayer filmhaving a
protective function to protect the optical elenment against the liquid
and an anti-reflection function to prevent reflection of the exposure
| i ght beam 25A fifth aspect of the present invention provides the
optical elenent_according to the fourth aspect, in which the

nul tilayer filnftaeFeast aismadtdest athayerepanitng nyeniidn tyrowi gese
wat er equ?g to or below 1.0 x 10-7 grans per hundred grans of water
as the out8fnoBELfayetlenpatAsrréirecianbe birshesnact/ dapeshichm

i s equal %B o%.belom/ D é?bmhen an exit angle of the exposure |ight
beamis s&fStolE9tdryrbedlssolution BepbR rakPELRAEH 2 e frksehayer
inventionfgﬁovkd%an;he opt%cal.eleqﬁ$t according to the fourth
aspect, in whi CA RS RuPEREEEr T ITHI At R PIAbRFE e P hcal

int%ger),elégeggfé¥%$ﬂngQetkgyﬁgi%ﬁkﬁodefined sequentially as a first

| ayer, a secon and so an n-th | ayer being the

out errost | ayera an Qdpunberedhayer ban.a (N ohet ohelLagtine pdex

than a refractive index of any of the adjacent i cal

adj acent gpencaunaerentl s d@yedindor SOMeL Sé%}]& :a(s%eé\?, tPl’?AﬂnﬁJt.gh
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| ayers have the anti-reflection function as a sevent h

aspect of thbesphgsentldysrention HIDWHRS 1 hee Ppih GAlr £LeBIE cqual
according to the fourth aspect, in which the nultilayer filmincludes

n layers ta bs Belo20 1.1t egarn)’ gndmwheBrt hankawer $ahes def ined. |
sequentially as a first layer, a second layer, and so forth to an
n-tlR | ayer bei Mrededdovetaoshe |@ayet caane bedentsber edh é ayet ohasared
| ower refractive index than a refractive index of any of the adjacent
optical efbiBAt 288 P adjcentPevehbhanber ed d25lcayer inVeetnves it he

first to the n-th |layers have the.
comparison with a multilayer film. Therefore, it 1is

possible to minimize an adverse effect of a chemical
reaction which is apt to occur when the liguid infiltrates
15 into an interface of a protective layer serving as an
anti-dissolution film. Moreover, it is easier to form the
film as compared to formation of the anti-dissolution film
including the multilayer film.
A fourth aspect of the present invention provides
20 the optical element according to the first aspect, in which
the first anti-dissolution member includes a multilayer
film having a protective function to protect the optical
element against the liquid and an anti-reflection function
to prevent reflection of the exposure light beam.
25 A fifvth aspect of the present invention provides the

optical element according to the fourth aspect, in which



anti-reflection function as a whol e. According to the
optical elenment of any one of the fourth to seventh aspects, the -
multilayer filmis formed on the surface of the optical elenent, and
the nultilayer filmhas the protective function to protect the
optical 5 elenent against the liquid and the anti-reflection
function to prevent reflection of the exposure |ight beam (incident
l'ight from an exposure |ight source). Therefore, it is possible to
provi de t h@Sstpl bidpyiedal felmnest Ve ahbutinodiute coar ddgtbyhaheng
liquid. Hence it 10 is possible to provide the optical elenment which
can real i & 1&MHilght pert purenve tprop gotiloho exipasiirey dppakat oS §HaxinBg
hi gh resol uti.on gnd a | arge depth of focus by use of the liquid

i mrer si onPét RBAIL AT F gh I‘P%lé’pﬁé&r 8f the priexeme st dhrsiald oangroeades

15 the opt.i.cal nt _according to the first aspect, in which the
first ant %?gﬁgscgaﬁfr?%noﬁe %rmPgt&Ea‘é{e& gaﬁl’“} easte P! skP et e tem
t he 5gr oup,60R$icst i : aF3, . SrF2, YE3, LuF3 . H F4 NdF3,
GdF3, YbF3, %’yﬁfs, a&%fgl%g%iﬁéggNBE?sﬁfﬁﬁ,S%ezge%d}é’r d£3%i b2, S/B0,
Hf 02, Cr 203, 58 o Ja295, and Nb205. 20 According to the optical

el enment of the el g%t aspect, it is possible to select the

anti-di ssol uti on gmBher 40 e offOEHEdpﬁQsEH‘E Ptp\tfjeﬁ@holﬁgﬁgg{}&des the

Therefore, it is possiblé to select the nost appropr

anti - di ssebuticen emmesmbasash o 4 Hex sates | &l uptn the, opti cal »ﬂhf&fﬁnt,

t he 25envi ronnent where the optical element is placed, the fype o
the |iqui thesedldr ssaakimid i hmopidealn el #p@ns, (antks e didkfar) ,

A ninth aspect of the present invention provides the optical el ement
acdér di ngand whernf diret Haaspestaré ndebiobhdt be qualitiil=yeyf 43 14n f newdes
n layers ggygi ag ;gégggr ayer a forth - i

p yer, and so for to an n-th layer being
the outermost layer, an odd-numbered layer has a higher
refractive index than a refractive index of any of the
adjacent optical element and an adjacent even-numbered

15 layer. Moreover, the first to the n-th layers have the
anti-reflection function as a whole.

A seventh aspect of the present invention provides
the optical element according to the fourth aspect, in
which the multilayer film includes n layers (n is an

20 integer), and when the layers are defined sequentially as
a first layer, a second layer, and so forth to ann-th layer
being the outermost layer, an odd-numbered layer has a
lower refractive index than a refractive index of any of
the adjacent optical element and an adjacent even—-numbered

25 layer. Moreover, the first to the n-th layers have the

anti-reflection function as a whole.



5 and has a | ayer structure, which is expressed as first |ayer/
second | ayer/ other successive layers / n-th |ayer, of one selected
fromthe group consisting of (i) LaF3/MgF2/ (ii) MF2/Si 02, (iil)
MyF2/ Si 02/ Si 02, (iv) LaF3/MF2/3i02, (v) LaF3/MF2/ Al 203, (vi)

LaF3/ MgF2/ Al 203/ 3i 02, (vii)

10LaF3/ MgF2/ LaF3/ MgF2, (viii)LaF3/ MyF2/ LaF3/ 5102, (i x)

LaF3/ MyF2/ LaF3/ MyF2/ Si 02, and( x) LaFa/ MgF2/ LaF2/ Al 203/ Si 02.

According to thRTeprréaly &loemdust orft itdrel e vmemspettanyhensubti tager
filmhas the protective function for a given 15 tinme period, and is
t her ef or e FO¥FEH & of eyettdtdsRp I ther ot cedliel bavar &jamnss fateedas
the inmmersiopn liquid for ten years, for exanple. Hence it is possible
to provid8ntEEequFEéFeeP§nE%? UPF ERh2 &l eBaNEz eand Hi lyh Tpet £ bt avate

rojection.exposure.apparatus_having high resolution and 20 a | arge
Gepth of FOCHs BY GO 61 THECT 4G AURRTOPS 6 MR Aihe e Shrel
cauS ng cSLFASTIn BPASY | UG T THD GiAfon e S G £l e tLon
A tenth a - Qf e t | i r-oyides_the 25optical

el enent a§g§%3ﬁ251%§ ?EEQ%??Sf%gg%g%fgﬂ}%faﬁb%he¥%%sPFstlgﬁ% beam

anti - di ssqhutiiegrnrenbei ghe f oy bgnapégﬁggureongié%@ﬂfégﬁggg)_
nmet hod sel ected fromthe group consisting of a vacuum vapor

deposi ti omhERtlfede ant ons heses assk st 60, ¥8RAL JRRSIdtd AN dRibed, . &
gas cluster ion beam assisted vapor deposition nethod, an ion plating

net hod, aaleornitteamtHopusé £ijngoeblded My rAENatTAN $PUtESKEHO; ¢
nmet hod, a bias sputtering nethod, an electron cyclotron resonance
(EAR) sputtserarsitetdotio areadidef ntéguencyi CRE) slutideri Ry imet hogh a
thermal chem cal vapor deposition (thermal CVD) nethod, a plasma
enhanced ©¥Blidthad!ighdrarpher@nd¥Dprojection exposure apparatus

having high resolution and a large depth of focus by use
of the liquid immersion method.
An eighth aspect of the present invention provides
15 the optical element according to the first aspect, in which
the first anti-dissolution member is made of at least one
selected from the group consisting of MgF,, LaFs, SrF,, YFs,
LuF;, HfFy4, NdFs;, GdFs, YbF3, DyFs, AlFs, NasAlFs, 5NaF-3A1F;,
Al;03, Si0Oz, TiO;, Mg0O, HfO,, Cr,0;, ZrO;, Ta»0s, and Nb,Os.
20 According to the optical element of the eighth aspect,
it is possible to select the anti-dissolution member to
be formed on the optical element. Therefore, it 1is
possible to seiect the most appropriate anti-dissolution
member based on the material of the optical element, the
25 environment where the optical element is placed, the type

of the liquid used for scaking the optical element, and

1



10n®et hod. According to the optical elenent of the tenth
aspect, it is possible to select the filmformng nethod when form ng
the anti-dissolution nmenber on the optical elenent. Therefore, it is
possible to formthe anti-dissolution 15 nenber in the opti nal
condition on the optical elenent by selecting the nost appropriate
filmformng nmethod for the material of the anti-dissolution nmenber.
An el eventh aspect of the present invention provides the optical

el enent abBerdiik§to the first aspect, in which 20the first
anti-dissolution menber includes a filmnmade of an oxide fornmed by a
wet film form AgtAdttho@spect of Needruk mgntolihenbpohaatoeldmenthef

t he el event h aspect, the oxide anti-dissolution filmfor preventing
di ssol ut i DAtE62thELEMEdtd ACC TR R toh thr furfee sfeche in which

25transm ssive ggtﬁcal ek? nt, on.the substrate's side of the
proj ecti on opticar §yste USeCbEA e feRwe e YRHISm (7f drsniaty imeteari)

h terized [ ' d a high filli f !
erative Toivaras . et orEPeb G BT cr ¢ oo bPBREREA S 11h 5T on
t d [ 1:SS1 tical el t t i
[ Tquld 5t RCS peced Batvian Lt e AR SR v R Wi MR c R i

proj ecti ofr Qptd %%lle%@@%,oﬁpgh[e[ﬁ:ﬁ% éo%%@@!;noé rle 1 OpL %g\ﬁg%F%hi S

per formance of the projection op syste aTesulre

transm ssive) apyFoadi@l enanti j s1Anplsied /g d,he (%B’Oﬁﬁﬁ%ﬁggg{ﬁws of

the liquid immersion 10 type, it is possible to avord roh of

the transtwpsi uergpugealaeleent (v0) t hga ki gul e, a0d, &ey dzy tOvii)
mai ntai n the performance of the exposure apparatus. |In addition, it

i slfot necaBsAfyFiALaBpiMare; t he (vEangm Isd g Myt i/aRlF glsament  (ix)
frequently. Therefore, it is possible to
LaFs/MgF.:/LaF;/MgF,/8i0,, and (x)
LaF3;/MgF,/LaF3/Al1,0./Si0,.
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 protecting the
optical element against water as the immersion liquid for
ten years, for example. Hence it is possible to provide
the optical element which can realize a high-performance
projection exposure apparatus having high resolution and
20 a large depth of focus by use of the liquid immersion method.
At the same time, it 1s 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



15mai ntai n high throughput of the exposure apparatus. Her e,
when the transm ssive optical elenent is made of cal ciumfluoride
havi ng a snmoothly polished surface, it is preferable to subject the
transm ssive optical element to a surface treatnent for increasing
the surface 20 area of the transm ssive optical elenent by

rougheni ng the surface of the transm ssive optical elenent to the
extent not to_degrade the optical performance of the projection
optical s93ech im Iotaeing sediirahee ladites] Gmobet e eyr dine dorayisdd S5 ve
optical elenment and the oxide 25anti-dissolution film A twelfth
aspect of °f e FrasuhtvirRertdrms bk bondesthofie opticalbedrerentisted
according to the fourth aspect, in which the nmultilayer filmincludes
a first fYRRPFoTRBASHY I@TME tHiqdn Rordisng Linstteod iamd be age eoved St d dn
made of an_oxid forrrgd by wet filmformng method. 5According to
the opticafPef SHF PR WPt RTaspRR 2 thegmeathodi |am Lenfagared
on the su .t he ansm ssive qgptical elenment on the substrate's
Si dtg of t%&g%}%@ i%‘r‘?ttél&ma m@??tegrﬁoﬁ’ys WS R YRR R o ng

t hod, id W ' t h d 10 filmis f d
on o sur{eat SFrEhe Teroe%; Pk bR FoPnatiy ke sr A Nas
f ' er o 2.t 1,SS} tical el t
o e OF Cal ST unet 1o T35 havi oo Sosneet ATy By | BHda SHHEREZTd 1 s

possi bl e notRb8ACH therfd 1 Hhdnd B ivaH ok LR JNE t A5 U( 'éfid%)
optical elenment as the first filmis fornmed by t%e dry fil'mform'ng

met hod. Meatibdll ea idldsnposahbhecido @b omethsdli rsfa fal Bhbeof Wigdion
as an adhesion reinforcing filmto achieve firmattachnent of the
trdfsn sswehopti cal el enent to the second film 20 Moreover, the
second filmis formed by use of the wet filmform ng method
characteri zed Bgdeinghi hofrogeneidpt iarall @ leingdn f olfl thg tperfloarpres: ,
relative to voids. Accordingly, voids on the first filmare
el i mi nat édt byspepésridtliontof seRecdecdral film fPherieforeethbdi sthen
possi bl e 25to, prevent infiltration to and corrosion of the
forming the anti-dissolution member on the optical element.
Therefore, it is possible to form the anti-dissolution
15 member in the optimal condition on the optical element by
selecting the most appropriate film forming method for the
material of the anti-dissolution member.
An eleventh aspect of the present invention provides
the optical element according to the first aspect, in which
20 the first anti-dissolution member includes a film made of
an oxide formed by a wet film forming method.
According to the optical element of the eleventh
aspect, the oxide anti-dissolution film for preventing
dissolution to the liquid is formed on the surface of the

25 transmissive optical element on the substrate’s side of

the projection optical system by use of the wet film



transm ssive optical elenent by the given liquid i nt er posed bet ween
the surface of the substrate and the projection optical system and
thereby to naintain the optical perfornmance of the projection optical
system As a result, when this transm ssive optical elenent is 5
applied to the exposure apparatus of the liquid inmersion type, it is
possi ble to avoid dissolution of the transm ssive optical elenment in
the liquid because the first filmand the second filmare not

det ached F?HRPHe e Aechi elsi vechpriesd dversirah homobesevway, ardis
possi ble 10 to. maintain the performance of the exposure apparatus.
I'n addi ti®%hIPi FiiLipgt Predesmance orebptave theverarsni §hieve foptd cal
el enment frequent .Therefore, it is possible to maintain high

ly. S
throughmﬁtcﬁst$%¥§i86§uF8 Bpfarattusin Al  hr # £ d@Rt Roagpsccoatr asheon
resent i | O 15 provides the optical elepment according to the
Poufth a's%%?{‘*?éiﬁra F%ﬁsts\éé’emsﬂﬁﬂ%%/gréf??‘watbVeEEF Phdedded |isd 02
filenfor t . fi form hod a e outernost |ayer
Ach}dingﬁ?%g%%gsggtngl é?bﬁg%$q% % %et%?r%QEnFH£s§6a3§béﬁ¥f1?H%

filmon t : ARSt JiaY. p echi\v nction.fora _given
tine peﬂéﬁiféﬁgigg Fﬁgzgiﬁgéia%gﬁfeggb %ﬁﬁé§§$ngétﬁ%lg Fﬁ@meae

el enent agpi Neh 1 VBd £f o BRahbe &m&b%gleéﬁ&&fo%f e%é@ﬁsretfﬁm%){z\&

exanple. Hence it is possible to provi e optica

can real izer2salhi,ghwhenl Of RRECE PIREREE L O EXDOSHES1 ANPALAL LS ﬁ?’i ng
hi gh resolution and a | arge depth of focus by use of the I qu

i mrer si oreprel hod. t AttHdhexpanmtd Mypdtat $s ROSTHR € 1t@ iRr OXinde sihe
stabl e optical elenment wthout being corroded by the liquid for the

giggn tiyperiodt i1s possible to avoid dissolution of the

transmissive optical element in the liquid and thereby to

maintain the performance of the exposure apparatus. 1In

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 fourteenth aspect of the present invention 5 provides the optical

el ement according to the thirteenth aspect, which further includes a
Sio2 filmfornmed by a dry filmformng nethod to be provided on the
optical elenment's side of the Si02 filmforned by the wet film

form ng nethod. According to the optical elenment of the fourteenth 10
aspect, bondi ng power between the silicon dioxide filmformed by the
dry filmform ng nmethod and the silicon dioxide filmforned by the
wet fil m EBEnPRG et hRll ¢BeBEr epgoraiied; amdthe Eeutrhér elypquossi bhe
to attach the both films nore firmy. As a result, when this

transni ssPReC5tBpt Al LerarEntiila applidest 8 £hesexbodurEoapedriag us
of the |i u4d ifl_lb‘l’%i on,t%pe, it is possible to avoid separation of
the both Fi56 tdnd 8T G0 aFESEI 3R F GnSBFORReL i taraf e sifvenapti ¢al

el enent i liqQuid. In this .t is possible to nmaintain the
per f or rrangcéﬁ:gl?dt% 20 V‘éextpoéhq’% %%W&guﬁeﬁw‘iddi tion, it is not
necessary to r ra 1 ssive optical el enen equently.
The‘rsefore, it ?g%%gg%ﬁgetttoon%g%nt%é;{:ﬁcr?ﬂghefﬁ?SH h;ﬁ}{ %getﬁé‘" dsur e
appar at usz , fifde p fit resent .. nventio

provi des 2%%)ﬁgtopttihgaffleflgé%reﬁ?hgcggr gi%%gl%tdo e&?lgrg rggﬁgcto,f i'ﬂle
whi ch thetfhﬁ%hi@@tiiv&ioiﬁc@d&iOé‘léEﬁgﬁgrofunE#Hdsﬁb@ttr@it%’@ A& NI NG
a protective function to protect the optical elenent against %%e
liqui d anthanpantjedteld:Cbben fauncsy 9Reh0 Ly aysat orefdect jpy ?iltnbe
exposure light beam Here, the thin plate i's detachably joined to a
surface ofotménfoptibak, ebemenhe oxide fA1W %le&Nldy asPasle &fe My
present invention provides the optical elenent according to the

fi flfeent hEbbtpets , formedii oh & ket fhce pl Aatthd £ ijrai ned 1o thhes Fedace of
the optical elenent by optical contact, and nean refl ectance of the
10t hi n plaYeuf8 efuhhet vedr tidimovi 2o ihemahhegit Ahgkefofre, even

when the transmissive optical element is made of calcium
fluoride having a smoothly polished surface, it is
possible to attach the first film firmly to the

15 transmissive optical element as the first film is formed
by the dry film forming method. Meanwhile, it is possible
to allow the first film to function as an adhesion
reinforcing film to achieve firm attachment of the
transmissive optical element to the second film.

20 - Moreover, the second film is formed by use of the
wet film forming method characterized by high homogeneity
and a high filling performance relative to wvoids.
Accordingly, voids on the first film are eliminated by
penetration of the second film. Therefore, it is possible

25 to prevent infiltration to and corrosion of the

transmissive optical element by the given liquid

11



t he exposure light beamis set to 50 degrees. A seventeenth
aspect of the present invention provides the optical el enent
according to the fifteenth aspect, in which the thin plate is made of
at | east one 15selected fromthe group consisting of a fluoride, an
oxi de, and a resin. An ei ghteenth aspect of the present

i nvention provides the optical elenment according to the fifteenth
aspect, in which the thin plate is at | east one selected 20 fromthe
group consPSEFRGSEA » Fhrsesh stih¢ caut Araepbat thea smagresi tum fddioth ele
thin plate, a calciumfluoride thin plate, and a

pol yt et r aPFGAFGELAN REIFR A pratem, and thererdi hg teithe ioptilcal
el emrent of _an ne of the fifteenth to eighteenth aspects, the thin
pl at e hav?ﬁglf%ﬁ B8hf B BELGFeOf UL e IRFP19C bt oR et 1 Pl NS e ofAS he

optical ele ainst the liquid and ,the function to prevent
reflecti 0%1 g?e lhgg’exﬁ%setﬂ egpiljht bR § SitditnedPt oCeke SLPRERE OFSt he

optigcal e} : [ ical_rnenber used therein is detachable
wi t hout dalrgrlgg?tﬁg ?ﬁcejtligref%( cogé%%% |95|°%rna§)]flst% té.bet itdgu i dmEsrsion
Thereforegyht,is;+6 pEsSs] : proyid st.abl_e -opt. cal n‘gﬁrﬁ
wi t hout besldr)\g co%r oded b%g%ﬁékﬁieqy?é %‘e’tﬁ?gﬁ i Flisgo&&gcsji%f e O[r% rovi de
the opticatanBRbEs WA bt 1 eal bagnd Nigh- rff%l@gcge@r Qjsectd,on
exposure apparatus having high resolution and a rge epfih of fotus

by use offthet £01hi ghbdthemeesban FRLhOHr MILROURK M) A6, thi D
plate is joined to the optical elenent by the optical contact, 1t is

possi bl e toafant bedvenbanteathel nehect | ¥8 fiEiaq) 28aiNpbste e
ll%gld' tonmintahntheperformance<xftheexposureapparatus. 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
5i0, film formed by a wet film forming method as the
ocutermost layer.
According to the optical element of the thirteenth
20 aspect, the film on the outermost layer has the protective
function for a given time period, and is therefore capable
of protecting the optical element against water as the
immersion liquid for ten years, for example. Hence it is
possible to provide the optical element which can realize

25 a high-performance projection exposure apparatus having

high resolution and a large depth of focus by use of the

12



A nineteenth aspect of the present invention 15 provides the optical
el ement according to the first aspect, which further includes a
second anti-di ssolution nenber on a side surface of the transm ssive
optical element on the substrate's side of the projection optical
system According to the optical elenent of the nineteenth 20
aspect, the second anti-dissolution nenber is formed on the surface
(a tip surface) on the substrate's side of the optical elenent and on
t he side ibHFééie“(“aeFéﬁé’Pe’aeEBPfiaceé‘*to‘th@ Femptiloa, étehemossiblid

ot her morgs, at gprtions where the exposure |ight beam does not pass
through. S8THYI®Tb1e, Ghe i §tpods pPRti6apr evbemedtssol thdoh dfeihe
optical elenent. fromthe surface on the substrate's side and to
prevent d?QESPSFFO%Xﬁt %hel bPETFEalfo&| hentd ifFesm § Hee spasiodrf ace as
well. In this Ve 11 1S sible to maintajn the optical performance
of the projectﬁgnﬁﬁﬁﬁ%%ﬁggést%ﬁPe%% t @&nt FBEh BEBEEH tof ibe Y riedent
invegntio wdes e .i.cal _el t _according.to, ,the nineteenth
aspgct, ?%Pﬁﬁggﬁ%eégﬁ 8€B%ﬁ§§fF§§§&§ﬁiﬁp 1°sSoI Féhtkﬁhﬁgﬁr e
second ankbpdbesobnt banrapiher LAEhUdes 2 J14MLhgl b3 Laried, by, yse

r
of an identical material. 10According tot optica enen

twenti et hf aspeRdrmidg e PRSSEBI 8 1@ Fardad Be @t isdi;ssol utign fdi/
on the surface on the substrate's%sfde of the opfﬁbé] e g%&%%ngk on

the side sidéacktnk $he, GRLCabr ket nal wk ber SBI® drinh g FRYHESLr €.
it is possible to formthe 15anti-dissolution filns by a sinple
process. According to the optical element of the fourteenth
10 aspect, bonding power between the silicon dioxide film
formed by the dry film forming method and the silicon
dioxide film formed by the wet film forming method is
strengthened, and it is thereby possible to attach the both
films more firmly. As a result, when this transmissive
15 optical element is applied to the exposure apparatus of
the liquid immersion type, it is possible to avoid
separation of the both films and to avoid dissolution of
the transmissive optical element in the liquid. In this
way, 1t is possible to maintain the performance of the
20 ~ exposure apparatus. In addition, it is not necessary to
replace the transmissive optical element frequently.
Therefore, it is possible to maintain high throughput of
the exposure apparatus.
A fifteenth aspect of the present invention provides

25 the optical element according to the first aspect, in which

the first anti-dissolution member includes a thin plate

13



A twenty-first aspect of the present invention provides the optical
el ement according to the twentieth aspect, in which the filmforned
by use of the identical material is formed by a wet filmformng
met hod. 20 According to the optical element of the twenty-first
aspect, it is possible to formthe anti-dissolution filnms on the
surface on the substrate's side of the optical elenent and on the
side surface of the optical elenent at the same tine. Therefore, it
i s possi b@VEsIprdt &0 ket Pgufsmaition tieouprgeretating amtigeps. A
twenty-second aspect  of the present invention provides the optical
el enent attBREPALIRIPAE thRAdcsd aBReadt anitd ~wisifdre athieon demtdtdain
mat eri al '#s an According to the

e

f F .Si 02.
opti cal %n%ﬁ%vgfltl\/gg%%%\%gﬁ%ﬂ SdcbhG §¥pesiirey tish thdeamy e Hege,

protect t S r at ecausge .t he i.dentical erial is either MyF2
or the Si02° Eheh gl%ttp'\'\/vgi(rjlét ;?l-set a?crerba%g%e%?lﬁ?g?%B Br BE&HE Genwentlitch
proyi des the;epyi ¢al ent according to the nineteenth 10 aspect,
in which t elfi rst aerlltﬁn?%?ssol ution nmenber includes a hydrophilic

s bt Pk Berh b ek A e 20 SPHE s e

anti-di ssehatdpni bl e fORERE HPc4PQi850U€ the fifteenth aspect, in

whichthethinplateisjoinedtothesurfaceoftheoptical

element by optical contact, and mean reflectance of the

10 thin plate is equal to or below 2% when an exit angle of
the exposure light beam is set to 50 degrees.

A seventeenth aspect of the present invention
provides the optical element according to the fifteenth
aspect, in which the thin plate is made of at least one

15 selected from the group consisting of a fluoride, an oxide,
and a resin.

An eighteenth aspect of the present invention
provides the optical element according to the fifteenth
aspect, in which the thin plate is at least one selected

20 from the group consisting of a fused silica thin plate,
a magnesium fluoride thin plate, a calcium fluoride thin
plate, and a polytetrafluorocethylene thin plate.

According to the optical element of any one of the
fifteenth to eighteenth aspects, the thin plate having the

28 protective function to protect the surface of the optical

element against the liquid and the function to prevent

14



15 surface of the optical element is the anti-dissolution film having
an excel |l ent hydrophobi c performance as conpared to the
anti-dissolution filmfornmed on the surface on the substrate's side
of the optical elenment, while the anti-dissolution filmformed on the
surface on 20 the substrate's side of the optical elenent is the
anti-dissolution filmhaving an excellent hydrophilic performance as
conpared to the anti-dissolution filmfornmed on the side surface of
the opti chfférekdmn okchreli aypresutise ldmttitcdbeah ehent odhettheeo the
twenty-third 25aspect, it is possible to guide the liquid attached to
the side SBFfacé BF ithe ontical & kererteashtlythdst hetisals tweathet s

si de because tg ant,i -di ssolution filmformed on the side surface of
the opti caFegl ﬁﬁﬁtelins 1sh & Shadohbdi ¢l BRe 1t dfaBepdnidok hie Ismr face

Mor eover, éﬁdk%i %ssiglq:to fill the space between the surface on the
5 substraf@"S5MHE of *t Hd DpPPEAICad efbRATCRAd t hENEHBSOrRYe 1t 1s
congt ant | it h i Qui d.hecause nti-di.ssalution filmformed
on ?he sd%?%%%gé% ?ﬁ% @ﬁ%g%?gtgﬂgfséﬁgbg% Pﬁélé:%16%Tm%?5n¥ﬁFHQ¥qfua
hydr ophi I £1 A8t bod Sty en-f Ll A twenty- fourt pect th

pr esent i%%en?igﬁq 10 6$3$?d%§btquég%%taﬁﬂﬁcgaéﬂ¢ g%cg?aﬁgélﬁo%fhe

ni net eenthrgspaet , e Whbghithe secanchantjpdigsolut O”ré@if?g%ct a

includes a netal anti-dissolution filmhaving a protective

to proteciighepeptioealartl npabjagaiist thsoLhaui ¢ M&@édh?gﬁ% he
optical el enentof the twenty-fourth aspect, the side surface (the

t apered shifdhceg¢soluthent naksa Ssirve apiittalo el BN e of the
substrate's side of the projection optical systemis provided with

t héOnet al 1 et i d dismelrstiicon rfdtiimd whidrésve 20 wnsnl vhkethant be agieven
liquid interposed between the surface of the substrate and the

proj ecti orS aptired systkenogheraloebementi bypobsi bpbeitelpreweatct,
infiltration to and corrosion of the transm ssive optical el enment by
the |iqui't PR (0 Fartteimenrhansst teal ppetpotiascéunttion

against the liquid.
A nineteenth aspect of the present invention
15 provides the optical element according to the first aspect,
which further includes a second anti-dissolution member
on a side surface of the transmissive optical element on
the substrate’s side of the projection optical system.
According to the optical element of the nineteenth
20 aspect, the second anti-dissolution member is formed on
the surface (a tip surface) on the substrate’s side of the
optical element and on the side surface (a tapered surface)
of the optical element, or in other words, at portions
where the exposure light beam does not pass through.
25 Therefore, it is possible to prevent dissolution of the

optical element from the surface on the substrate’s side

15



25t he projection optical system As a result, when this transm ssive
optical elenment is applied to the exposure apparatus of the liquid
i nmersion type, it is possible to naintain the performance of the
exposure apparatus because the transni ssive optical el enment does not
dissolve in the liquid. In addition, it is not necessary to repl ace
the 5 transm ssive optical elenent frequently. Therefore, it is
possi ble to maintain high throughput of the exposure apparatus.
A twent y- #ndt o 3recen biditdwo bresento § mhenbpan cprioyl dasnther opt 4 ical
el ement according to the 10 twenty-fourth aspect, in which the second
anti - di ss®tdei G hiafbRr afuierdr i ot utlessamwaadheisi ohs r pbefdbdieng:d i | m
formed between the side surface of the optical elenent and the netal
ant i - di ssBR UPEEA T FRmMORAC R HiPRG Trracopth Ehe R Eireit ioh adteical
twenty-fifth 15 aspect, the netal anti-dissolution filmis formed on
the surfad®>5f % he adhesion reinforcing filmformed on the side

i.ve opti,cal. el ement on the substrate's side

surface of t heAt rt%ré%rgis%lh .
of the projection optical’ §78E&h CAnHRE 5 Pk PSR P mPradh dewe
metal antiydi utison L fi | 0 closely tp the transm ssiye optica
el ement . tl%%r%?g?g%li {éliegegﬂo%sﬁfgﬁ%rf%xﬁr‘g‘\jleﬂ]?ei ﬂf????ﬁtﬂitgln 35E Soridt
corrosi on; 9f, 1 1S 51 i el .the given |iquid
"t o1 posed Bt vabr The dur P ace bt rhe: Suberrar B4Ry ret R ndiints

optical systeiiu anditheresy:io: oRi Rbaba:t NG A90RLL cal £REL! QLIANGS, of
the projection optical system Moreover, when this transm sSive
optical efereall by use of an identical material.

10 According to the optical element of the twentieth
aspect, it is possible to form the anti-dissolution films
on the surface on the substrate’s side of the optical
element and on the side surface of the optical element at
the same time. Therefore, it is possible to form the

15 anti-dissolution films by a simple process.

A twenty-first aspect of the present invention
provides the optical element according to the twentieth
aspect, in which the film formed by use of the identical
material is formed by a wet film forming method.

20 According to the optical element of the twenty-first
aspect, it is possible to form the anti-dissolution films
on the surface on the substrate’s side of the optical

' element and on the side surface of the optical element at
the same time. Therefore, it is possible to protect the

25 substrate without generating any gaps.

A twenty-second aspect of the present invention
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applied to the exposure apparatus of the liquid inmersion type, it is
possible to maintain the performance of the exposure apparatus
because the netal anti-dissolution filmis not detached fromthe
transm ssive optical element 5 and the transm ssive optical el ement
does not dissolve in the liquid. In addition, it is not necessary to
repl ace the transm ssive optical elenment frequently. Therefore, it is
possi ble to mai ntain high throughput of the exposure apparatus. 10A
twent y- siREAVagpecthef onid qgrlesehnénteat condpnavicdes hiche weptd Gt h

el ement according to the twenty-fourth aspect, in which the second
anti - di ss®fBEFEn Herek churhddrddmic] calbanat grotect $ e if oblfmuges dhe
metal anti-dissolution film Here, the 15protective filmis fornmed on
a surface®bP2the netal anti-dissolution film According to the
optical elenent of the twenty-sixth aspect, the protective filmfor
the metal anti ARETHET on 191 miRe f oiRich Gl t hes kepdate off t hehrot al
antg-dissgkgﬂk n_ 20 fjlmforned og t he side surface of the

transm ssive opticalClst eRBRECSH the siibsPPSSdTd &i He direfhect the

proj ecti of,9pti-g t dif,.is. possible to prevent, danage on

the soft netaf ag%iﬁgﬁggﬁﬁighﬁl%??%?gﬁeﬁnﬁaES l§§ré§<ﬁ+§@%ﬁ Hhece
and thereby £RepPEQbgct the metal 25anti-dissolution film Therefore,
it is possible to prevent infiltration to and corrosion of the

transmssive aptigahtelemBity by sihe i yen dyjquid P gtyeen
the surface of the subgtrate andthe pro?eé##%nbgﬁfg%ﬁ{ gégggml%ﬂui

thereby turoreidéai theéhepepthcakl preher gapee Ahd 7 PLEI BSHLPR QRY cal
system Mbreover, when this 5 transni ssive optical elenment is

appli ed taspéet exposurehappareties ofrihe dngutdi 5ERRLSIHOR t ¥RGpdL IS
possible to maintain the performance of the exposure apparatus
because ticludesnmiasdivdrophitat elranendisoesutobndifssiol veaha the
liquid. In addition, it is not necessary to replace the
second anti-dissolution member includes a hydrophobic
anti-dissolution film.
Here, the anti-dissolution film formed on the side
15 surface of the optical element is the anti-dissolution
film having an excellent hydrophobic performance as
compared to the anti-dissolution film formed on the
surface on the substrate’s side of the optical element,
while the anti-dissolution film formed on the surface on
20 the substrate’s side of the optical element is the
anti-dissolution film having an excellent hydrophilic
performance as compared to the anti-dissolution film
formed on the side surface of the optical element.
According to the optical element of the twenty-third
25 aspect, it is possible to guide the liquid attached to the

side surface of the optical element easily to the



10 transm ssive optical elenment frequently. Therefore, it is possible
to mai ntain high throughput of the exposure apparatus. A
twenty-seventh aspect of the present invention provides the optical

el enent according to the 15 twenty-fourth aspect, in which the netal
anti-dissolution filmhas solubility in water equal to or bel ow 2 ppt
and packing density equal to or above 95% According to the _
optical el enent of the twenty-seventh aspect, the anti-dissolution

fil m havi#gsboatid sseiidbibécyupn et em teigudl ssolotibal DiINR fptnd S
formed on the side surface of the transm ssive optical elenent on the
substrat 3 &t &fldhe sprdiata i @f ophecabptystémehadent isspassd bl e

to maintain the optical perfornmance of the projection optical system

wi t hout 35ﬂ§fﬂ8hagé§olﬁPFéﬁ@E§ﬁ°%¥ﬁ9@@aﬁ§WU%sivéﬂ@pebﬁak,eléheWHsto

t he given quu'g interfoi d between the surface of the substrate and
6% 5 §SF

the project? pticat fn VYT P eEREE ttHe antFfaFsseruttiion

a0 06} REPar DO.onRl e Sl L o Rbove Sl foLTE
substrat &sn$t46+9) with the liquid because the anti-dissolution
film formed on the surface on the substrate’s side of the

optical element is the hydrophilic anti-dissolution film.

A twenty-fourth aspect of the present invention

10 provides the optical element according to the nineteenth
aspect, in which the second anti-dissolution member
includesanmtalanti—dissolutionfilmhavinga;uotective
function to protect the optical element against the
liquid.

15 According to the optical element of the
twenty-fourth aspect, the side surface (the tapered
surface) of the transmissive optical element on the
substrate’s side of the projection optical system is
provided with the metal anti-dissolution film, which is

20 insoluble to the given liquid interposed between the
surface of the substrate and the projection optical system.
Therefore, it is possible to prevent infiltration to and
corrosion of the transmissive optical element by the
liquid and thereby to maintain the optical performance of

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

transmissive optical element is applied to the exposure

18



5 the projection optical system it is possible to prevent
infiltration to and corrosion of the transm ssive optical el enment by
the liquid, and thereby to maintain the optical performance of the
proj ection optical system Therefore, when this transn ssive opti cal
elenment is applied to the 10 exposure apparatus of the liquid
imersion type, it is possible to maintain the performance of the
exposur e apparatus because the transm ssive optical elenent does not
di ssol ve dpPahetibqafdthé nl bgldidiomersion tppepetessampo 0 pesl@ace
the transm ssive optical element 15frequently. Therefore, it is
possi bl e Hdl Wad hRdilre Biegf arrasugh Pt the e swpe sy spas Ateusiuse

A twenty-eighth aspect of the present invention provides the optical
el enent  actortdiaShbsehEet qRhigatoateneaspéees not whithol e imttdle
anti-dissolution 20film.is.nade of at |east one selected fromthe
group co ﬁ%??%g of R dpE 1o0Rg 1K isTROtVpepgsspEy to, remdage the
Accprding to the optical el ement. of the twenty-eighth aspect, the
et gl an?rir-a(lj?ssl%ﬁ V&n OP G r?slt%%?tédfjﬁq]tlﬁét&iyrm Mag& Pt 1idast

one of Au, i, . Pd,. Nb,, . Ti nd i.s, fornmed on the
si de sur %asc???%géggpg?eﬁggﬂlrt aléle?llo%wﬁher??%ﬁgﬁgsQFVELSpF?‘Eé?Isure
el ement optheasyhstrate’ s side of the projection optical system or

in other words, at a portion where the exposure |ight beam does not

pass through. ZhergEQeg-raven WAgRLh So kT aiadm ?%ie‘é.%éﬂ'pt i 63k ngligrent

is applied to the 5 exposure apparatus of the Iiquid 1 nmersion type,
it is pogsidiedés CofHé nuexPOsUre dnerddier optddmd rgongi tign without

shi el ding the exposure |ight beam by the netal anti-diSsolution film

10 twenty-fourth aspect, in which the second

anti-dissolution member further includes an adhesion

reinforcing film formed between the side surface of the
optical element and the metal anti-dissolution film.

According to the optical element of the twenty-fifth

15 aspect, the metal anti-dissolution film is formed on the

surface of the adhesion reinforcing £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 1is
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A twenty-ninth aspect of the present invention 10 provides the
optical elenment according to the twenty-fifth aspect, in which the
adhesion reinforcing filmis made of at |east one selected fromthe
group consisting of Ta and Cr. According to the optical el enment of
the twenty-ninth 15 aspect, the adhesion reinforcing film
constructed as the filmmade of at |east one of Ta and Cr is forned
between the transm ssive optical elenent and the anti-di ssolution
film Thermpbied t¢ tilse pogsidhiee tappam ove @fihesi 0n hatieamdthe &l de
surface of the transm ssive optical 20 elenent and the
anti - di sse¥ei ohtf LbnpoAsidlreesud ima whienit hi set panspirasinee ot itaad
elenment is applied to the exposure apparatus of the liquid i mrersion
type, it §%PPBYERbIAP R BV dPecacnenlt e ofretthd amb t i didssebututdrd i | m
fromthe transm ssive optical elenment and to avoi d 25di ssol uti on of
the transhE8ilfergptiear cBrenenemitha he anisquiss i e optiicalap L enterits
possible to qﬁggtain t he g&rfornance of the exposure apparatus. In
[

addPti on,21¢ RO TITELERShYS IRFHepl fenprt (dens Makidis wptvedn
el ement frequently. Therefore, .it is _possible to maintain high
througth%logL%%%y%kpo %r%gﬁbEé?ﬁtuét 18 AOEhRREPESR T hecE ehil &dfe

Cuanty-sionh aepbar SYLPERA TR RE L Srelt Vesrrinrer 1 RacRetAre,

twenty-si xth aspect, In whi i

anti - di ssil ytd gpskishmd & . at | ect fromthe group
consi sting of S 02. be3?qﬁ%§%§%l@}E%§?§#%§%§?R§B§d%?%fﬁ%ﬁ65?S ,

Hf 02, andidp@Ps8tus. According to the optical elenent of the
thirtieth aspect, it is possible to select the protective filmfor

theonetal anti adissehuiz-eaxfihl mtpebe foOr md Onpt-be su f ageeak ithe
nmetal anti-dissolution filmthat 1s fornmed on tﬁe 15 transm ssi ve

optical elmmeides Therted or @ptitcds pessintde:r t 0 sseRl@editfe st the

appropriate protective filmfor the netal anti-dissolution film based

on the ndtwanay-dourhe traaspessi,ve ophi cal waliehent , thke enykkonrEent

where the transm ssive optical elenment is placed, the type of the
anti-dissolution member further includes a protective
film for the metal anti-dissolution film. Here, the

15 protective film is formed on a surface of the metal

anti-dissolution film.

According to the optical element of the twenty-sixth
aspect, the protective £film for themetal 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 low abrasion
resistance and thereby to protect the metal

25 anti-dissolution film. Therefore, it is possible to

prevent infiltration to and corrosion of the transmissive

20



20given liquid to be interposed between the surface of the substrate
and the projection optical system and the |iKke. A
thirty-first aspect of the present invention provides the optical

el enent according to the nineteenth aspect, in which the second
anti-di ssolution nmenber 25includes a light-shielding film A
thirty-second aspect of the present invention provides the optical
el ement according to the thirty-first aspect, in which the

| i ght -shi @P8iA§LF¢}empstilay e of vamyl bfiuadniet bérpokedandtac artihe
oxide film A thirty-third aspect of the present invention 5

provi des ¥HETBFEI ¢hIThS exbst radcradnghe @ 1dike ¢ hi pnyoriotontl saspeet ,
in which th tal filmis pade of at |east one selected fromthe
group(xnﬁﬁgtgﬁﬁrgpxmﬂoFﬂ?lQQ?lNiFh?aPRNlQ%ﬁ mrerfgrmaage Of tdred

t he net al i ilmis nade.of at |east one selected fromthe group
consi sti n%f%%?tépaz, WodCati 02YSiPbs, S BPr&Ryeg203when  this

hi Cry- £ o e e SRy B A eV 8T EuBhs SF Fiuiche Greese it

thirty-third aspects, it I's possSl

exposUr e i alks BRA, 2t of {61 £ A GDL 4O LiSooxppsL & LI G, beam

froma wafer 15 onto a sealing ne ormet rh a perFﬁH% %ion

of the simieistslace 4 bhe dAREHEC Y ﬁgee)ngésﬁpee atpkga{fm\f%ve%tae rﬁteioga'

el enent on the substrate's side of the projection cal ™ sys

use of thenditghinshi ebdivBdobthbh1l 81ERES tVWAYesidot UPISSIPLE A e
prevent deterioration of the sealing 20nmenber.
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
film has solubility in water equal to or below 2 ppt and
packing density equal to or above 95%.
According to the optical element of the
twenty-seventh aspect, the anti-dissolution film having
20 the solubility in water equal to or below 2 ppt is formed
on the side surface of the transmissive optical element
on the substrate’s side of the projection optical system,
and it is possible to maintain the optical performance of
the projection optical system without causing dissolution
25 of - the transmissive optical element to the given liguid

interposed between the surface of the substrate and the
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A thirty-fourth aspect of the present invention provides the optical
el ement according to the first aspect, which further includes an
optical nenber joined to a surface of the optical elenent by optical
contact through 25the first anti-dissolution nenber. According to the
optical el enent of the thirty-fourth aspect, the optical nenber
optically contacts the optical elenent through the first
anti-dissolution nenber. Therefore, it is possible to attach the
optical rehDefCELPH y Rekcad t kesépm cal Boekewenmt, applytag ahe
fluoride material as the base nmaterial due to the presence of the
appr opr i At HAt T SAPLSSILAN 6A lHehpBingsshe nasklng dansst posgidl €d o
protect the o%tical |.ement by use of the optical nmenber, and thereby
to maintai’h &P o???ﬁncésoff%?f“%%t il thgst ehfipncorpbraei ryf 10t
optical element.over a l%ﬁ% eri.od of tine Athirty-fifth

[

aspect . of-the pred&npP ISP Yot h heS OpEFEaL eépedste of
di . i - rth t, in_which the first
ontT i o S ek Lo OBLE IR R ek, F ealsoBokG b e Loppredent
nb IS il ca Al .di t
opttcal aonererareepcBetl S 3P pne rrapsfiEtr Retie

anti - di ssoldtiden FEH%MSJ&G%“,‘-”&&“&&P%I}?& ﬁl%rlk)accatiﬂ Sthréagﬁac:ifcal

silicon dioxide. Therefore, it is possi to enhance” bondi

strengt h dex f@fhiNee apt k&l pABHBEL 1By s5€:ieh1as PydEaxy! 1QLPURR the
silicon dioxide surface. Meanwhile, it 1s poss%l e to formthe

silicon ditoxi denifs Itmaatshl ghieenspol babi bikneand ikhapehy &0 tachhave
high filmaquality. Moreover, the optical nmenber nade of silica glass
cahl achi ereopait¢ cabpeliy t25exdel tlent 1 it el 6 esiestsanae s pondi Ag
strength, and favorable transm ssion of ultraviolet light and the
i ke. possible to maintain the performance of the exposure
apparatus because the transmissive optical element does
not dissolve in the liquid. In addition, it is not
necessary to replace the transmissive optical element
15 frequently. Therefore, it is possible to maintain high
throughput of the exposure apparatus.

A twenty-eighth aspect of the present invention
provides the optical element according to the
twenty-fourth aspect, in which the metal anti-dissolution

20 film is made of at least one selected from the group
consisting of Au, Pt, Ag, Ni, Ta, W, Pd, Mo, Ti, and Cr.

According to the optical element of the
twenty-eighth aspect, the metal anti-dissolution film
constructed as the film made of at least one of Au, Pt,

25 Ag, Ni, Ta, W, Pd, Mo, Ti, and Cr is formed on the side

surface (the tapered surface) of the transmissive optical

22



A thirty-sixth aspect of the present invention provides the optical
el ement according to the first aspect, in which the exposure |ight
beamis an ArF | aser beam the optical elenent is an el enent nade of
calciumfluoride, 5and crystal orientation of the surface of the
optical elenment is defined as a (111) pl ane. According to the
optical element of the thirty-sixth aspect, the optical elenent is
applied to the exposure apparatus configured to emt the ArF | aser
beam as t®keneDtexPpdshe eubgfinabeams Theref ahe, pirb jies tHess ohlta 40
achi eve a high resolution performance. Mreover, the optical elenent
i s made o"fY%gF{‘}'rLﬁ’ﬁfJFU@ltih@éf HAddiss elier aforiel appihicabltéhd e xaolsager
havi ng a fhor% wavel ength such as theArF | aser. Meanwhil e, when the
optical et EARhtPEEMNHAES 1 ToPasT Ghireeluer i Heereferept evahn elhement
can achi eye. a favaorabl e transm ssion performance of ultraviolet |ight

and fine durabiTitP L3P hEe (HRELF+ aflABAnT | dift aRELERE | tRe.then

addgti on, i -di lution.filmto be faornmed thereon, or .

I an'lf-)hanurﬁ3 ﬁ%fr?lP ea%:ﬁ)sa;s‘)fgar L{}scucf%r%h?siéﬁbljlgctlé‘ﬂne@)l?% hEP8r 0dbi tidki al
growt h whes [ IS, f+Of i.Lm.form ng surface of cal.cium
fluoride hai%g]gl%hgmcrcésﬁﬁﬂ%érji%%{%ﬁ o ttrrﬂee( SRR aﬁ8?1dl%l°n

Ther ef or ey1 theu BNEL1EI1$8Q Mty ' neon beco extremely
dense and lachi eves a crystdélqﬁeé%‘%%{é?%?gq\ﬁh bveee'{r}@ }nggédgl tet(“?ltel‘s. A

thirty-sexenihqaspect:t@bt e present invention provides an optical
el ement to be used for an exposure apparatus, which is configured to

illuminate a masktwéhbyaniexposuspekitghd £ baaya f grebanst L GERY 13,
pattern on the mask onto a substrate through a projection optical
sy$@em 5 ramv i de § rithey ppseé ca lge Venehituk €o 81 AgSpaea cbelyeep-& i swif ace
of the substrate and the projection optical system Here, the optical
el enent igfRecfes in Whginh $hieekdibeg fad mepgnroic deih ot Al siide mauwrd ace of
a transm ssive optical elenment on the substrate's side of the
projectiéﬁ3&&ﬁﬁﬁﬂ°ne selected from the group consisting of Ta and

Cr.
According to the optical element of the twenty-ninth
15 aspect, the adhesion reinforcing film constructed as the
film made of at least one of Ta and Cr is formed between
the transmissive optical element and the anti-dissolution
film. Therefore, 1t 1s possible to improve adhesion
between the side surface of the transmissive optical
20 element and the anti-dissolution film. As a result, when
this transmissive optical element is applied to the
exposure apparatus of the liquid immersion type, it is
possible to avoid detachment of the anti~dissolution film
from the transmissive optical element and to avoid
25 dissolution of the transmissive optical element in the

liquid. In this way, it is possible to maintain the
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10system A thirty-eighth aspect of the present invention
provi des the optical element according to the thirty-seventh aspect,
in which the light-shielding filmis forned of any of a netal film
and a netal oxide film 15 A thirty-ninth aspect of the present
invention provides the optical elenment according to the thirty-eighth
aspect, in which the netal filmis nmade of at |east one selected from
the group consisting of Au, Pt, Ag, Ni, Ta, W Pd, M, Ti, and Cr,
and the reeafooxadeef pifMt2@ sxpadaind Atpieastisonersekeat edohr omtt he
group consisting of Zr02, Hf 02, Ti02, Ta205, Si O and Cr203.

Accor di ngt § oPPlie TR ¢eahrEl direnteplagry Wne ofahiseitddirte/ - sexdnrtal t o
thirty-ninth aspects, it is possible to prevent irradiation of the
exposur e 31 YR beaht afHeREL| ect Berp§hteof fle égposaseibilght theam
froma wafer ontfo the_sealing nenber formed in the peripheral portion
of the sitfERUFFAcRLEPne QIR s e fabby 6KPOA e @AM B3t Ve -opt i cal
el egent on the St bst rat % s_side _of the projection optical system by
use’of the Iights Hélla RPAFPEAT 9h ths BTREFNY inVEn54esi Previges

5prevent .deterj.qratia f the sealj.ng ne r. A fortieth
aspect oftq}%gpggec%elnteqiegﬂveenn o oprrdol\fg%léé’ngﬁee?ﬁ%%ﬁyéséﬁﬁ% afRsct,
confi gur to. jJd4 umn a i n e sure_light _beam for
transferr%ﬁlng e‘f’ﬂpladf&%nerﬂgrg% t[%‘%;rta%\%({:g\ﬁ?o a%gggstrg?g thFB_ﬁgh_ ﬁe_tal
evlg%llelcqcue'cgfl A

proj ecti Qrhoptd£aboSHsE M £LPnand Lol ot %ftpPégﬁg A

space between a surface of the substrate and projection opff’%;“m
system Heregrbe expesdre pparatals vnel udesra Oel, 7a,0., Nb,0s,
0 ve

anti-di ssol ution menber provided on a surface of a transm Ssi
opl@cal dligmentzan,t KL Gybsindaties ©,5i de of the projection optical
According to the optical element of the thirtieth
aspect, it is possible to select the protective film for
the metal anti-dissolution film to be formed on the surface
of the metal anti-dissolution film that is formed on the
15 transmissive optical element. Therefore, it is possible
to select the most appropriate protective film for the
metal anti-dissolution film based on the material of the
transmissive optical element, the environment where the
transmissive optical element is placed, the type of the
20 given liquid to be interposed between the surface of the
substrate and the projection optical system, and the like.
A thirty-first aspect of the present invention
provides the optical element according to the nineteenth
aspect, in which the second anti-dissolution member

25 includes a light-shielding film.

A thirty-second aspect of the present invention
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15system According to the exposure apparatus of the fortieth
aspect, the first anti-dissolution nenber is fornmed on the surface (a
tip surface) of the optical elenent. Therefore, the optical el enent
does not dissolve in the liquid filling 20 the space between the tip
portion of the projection optical systemand the substrate.
Accordingly, it is possible to avoid frequent replacenent of the
optical elenent, and thereby to maintain high throughput of the
exposur e BppALaeEsthewriddial 6d ensinfcacthediptd talthe emmnt: ydaas 25not
dissolve in the Ijquid, it is possible to naintain an optical

per f or man@8P8F tr hk™ privt e thiteh Léghiteah igid ong didin e Eonmeduef any
exposure ip the optinmal. condition. _Aforty-first aspect of the
present i%geﬁtWSEaérg%fﬂ%saT%eaeQBBéérQx&ﬁﬁhﬁ§FU§‘according to the
fortieth aspect, iLp.which.the first anti-dissolution menber 5

i ncl udes a si ndi el-cﬁé\yé}ry %qlrﬁqm@isﬁﬁc pP &t 1§ vETERTEE 0ADVEHGect

t hesopt i - nt i ns i quid, According to the
expgsureclg%)%gégtggs o?ﬂtghe C%%%?%‘#i rsetﬂ%nsl%rétét, 359 59hResi bR t Fhe
reduce anchptetaeed S i L ilayer-.film_ Therefare,
it is 10 poss?ble%?%ﬂ%ﬁﬁﬂﬁﬁgg 321§%VQ¥§éH%%?%% %ﬁf%%%ﬂﬁﬁﬁqﬁge ot
reaction ahildhd 6 AR slQ LAWY rMgnthheglig 'é’oﬁé‘&g%gtf? At Q8N
interface of a protective layer serving as an anti-dissolutiaon fi'l m
Moreover,Agf Nis, gasi @, ta,fos midhe ahid MrasasenpE &b 0 fQrngt izan of
the anti-dissolution film 15including the multilayer film A
forty-secomehaabped aoflthstpses eyl dWedtsi i BHQY beespt BEneXReIWE

apparatus according to the fortieth aspect, in which the first.
antiP- di ssof utron nMéfiber Tholudes.& myitd,| ayed €ilog.having a
protective function
According to the optical element of any one of the
thirty-first to thirty-third aspects, it is possible to
prevent irradiation of the exposure light beam and
reflected light of thé 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 systembyuse of the light-shielding film. In this
way, it is possible to prevent deterioration of the sealing
20 member.
A thirty-fourth aspect of the present invention
provides the optical element according to the first aspect,
which further includes an optical member Jjoined 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



20 to protect the optical elenent against the liquid and an
anti-reflection function to prevent reflection of the exposure |ight
beam According to the exposure apparatus of the forty-second
aspect, the tip of the optical elenent is not 25corroded by the
liquid. Therefore, it is not necessary to stop operation of the
apparatus in order to replace the corroded optical elenment, and it
is thereby possible to manufacture end products efficiently.

Mor eover, tsinte-thommyit | cdpetepenthef dheipeesenbmibR¥ENLHIN NAS] y
corrosion resistance and a stable optical characteristic, it is 6
possi bl e centeglhis i zehehe apial¢ddy ok lencmr oduatsulgd betranufmictsy ed
by use of the exposure apparatus enbedding the optical elenent of the
present |@aREArdagsolution mépbey-t hTheéradpest, oftthe poesdmtle to

i nvention Erovides t he exposure apparatus according to the fortieth
10 aspect2tFASRhitdt t ARtACESt Rembedi Soimity oavapnBer thkemuae iafalat

| east one felec ed fromthe group consisting_of MgF2, LaF3, SrF2, YF3,
ZuF3, Hf Fo;SRGRS, 2RREY  npraf L ey Fide eRerNadaFra h s ResTATRS e Al 203,
Si 02, Tiqgmehgcz %1f02, Cr203,j;Q$§§ Ta206, and Nb206. 15According to
the expostr® aPpharat HECEF e ol ARRTPREREE, aRE1Tdi569diHhien o
sel ect t L-di sso] uti menher to be .forned on th tical,

el ement . hﬁ%@?%kér efﬁgi% gieés(&gécgsiqgl e PO TS tPh%r%EF%a%B? Sphistee
anti-diss L qgnb b .nat-eri O of the optica

el ement , ?ihgﬁléﬁ\gl r onrrlg%lte \?\)h%g?%ﬁ?héggﬁg%clalme ké?’r%ht alns& pf%%ga!oyt He&

type of tftehtauhda ysadrd Bhafibb!d A% BE 3RAGES DELUREINEBE LY O
ptical systemand the substrate, and the Iike:
fonby-foutihd appeet lofeitdieedf ese€8t hNYGRY Yrriod 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 Si0,, and the optical member is

15 a member made of silica glass.

According to the optical element of the thirty-fifth
aspect, a surface of the first anti-dissolution member
used for the optical contact is made of silicon dioxide.
Therefore, it is possible to enhance bonding strength to

20 the optical member by use of a hydroxyl group in the silicon
dioxide surface. Meanwhile, it is possible to form the
silicon dioxide film at high controllability and thereby
to achieve high film quality. Moreover, the optical
member made of silica glass can achieve particularly

25 excellent water resistance and bonding strength, and

favorable transmission of ultraviolet light and the like.
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25provi des the exposure apparatus according to the forty-second
aspect, in which the nmultilayer filmincludes n layers (n is an
integer) and has a | ayer structure, which is expressed as first
of one
selected fromthe group consisting of (i) LaF3/MF2, (ii) MF2/ Si 02,
(iii) 5MgF2/5i 02/ Si 02, (iv) LaF3/MyF2/S102, (v) LaF3/ MgF2/ Al 203,
(vi) LaF3/MgF2/ Al 203/ Si 02, (vii) LaF3/MyF2/LaF3/ MpE12, (viii)
LaF3/ MyF2/ LaF3/51021 rtivx)s UxdR8/ MygF2/dtaFSE M Sp@2searnd (x)ention
LaF3/ MgF2/ LaF3/ Al 203/ 5i 02. According to the exposure apparatus of the
10 forty-Ro0Y i Aedspet P tiea ngiliemeagye p ciidng ies toheh privtect kseect,
function for _a given time period, and is therefore capabl e of
%bt’ﬁﬁ'&lexaoeﬁi‘bl’rﬁ 1

| ayer/ second |ayer/ other successive layers / n-th |ayer,

prot ect i nig* e

for ten year or.exanple. Hence it is possible to provide the
hi gh- perfogfstrr%%%fé %%88&%% *EppaY & %%i“f?gd%i% ¢kl uki shuandde,

dfathdeamnieranshrhd dgemsiasn Ithqui d

15

I d b .the liquid i [ thod. At th
sare i ment o er RS R AT 0T 88 (HLS St UBFe e o UeS appataLS
haVingIJEZéﬁ@ﬁ%eiﬁph%%%néaﬁgﬁcéegif%sCpWEEQPUt bei ng corroded by

the 20liquid for the given tine perio

ccordi

f th t Al i '
0 e presen AbQ%ﬁQ;Fﬁf&ﬁ{g%b?ﬁ%t#gglQ§ﬂ8§¥£§£ﬁpEﬁ%a£HfrﬁgﬁBéF

the fortieth aspect, Irst anti-dissolution

“Aforty-fifth aspect

g to

i ncl udes ssgédm nade @&)t&%@iéjﬁexﬁ@ﬁﬁeﬁjsb)é%o%l@d I%Jen&ﬁgf OiB8sure

25met hod. According to the exposure apparatus of

apparatus configured to emit the ArF laser beam as the

10 exposure light beam. Therefore, it is possible to achieve

a2 high resolution performance. Moreover, the optical

element is made of calcium fluoride and is therefore

applicable to a laser having a short wavelength such as

the ArF laser. Meanwhile, when the optical element is made

15 of calcium fluoride, the optical element can achieve a

favorable transmission performance of ultraviolet light

and fine durability against the ultraviolet light and the

like. In addition, the anti-dissolution film to be formed

thereon, or lanthanum fluoride in particular, is subjected

20 to 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



forty-fifth aspect, the anti-dissolution oxide filmfor preventing
di ssolution to the liquid is forned on the surface of the-

transm ssive optical elenment on the substrate's side of the :
projection optical systemby use 5 of the wet filmform ng nethod
characterized by high honogeneity and a high filling performance
relative to voids. Therefore, it is possible to prevent infiltration
to and corrosion of the transm ssive optical elenment by the given
liquidimeEpbded bt wedndadle sheiace ob ble usk stibst sat expbdulrtee
projection optical system and thereby to naintain the optical

per f or marfRP dF2 ERE/ prbj bt L 8ncopfigalresy $peml AR imates al hasik wiish
possible to avoid dissolution of the transm ssive optical elenent in
the |iquid® &PFeFen)iobt raearnafart heapefeoriwyce phttlken ©6 the
exposure apparatus. In addition, it is not necessary to replace the
transm sSTVE AR A SBPSAERT S FEGOMHT §. PTRPELAOE OPtike lpsysithie to

mai nit ai n _hi t hr oughput of .t he exposure apparatus. Here, when the
t ra%sm’ ssalt}lv(gggp ?gggpgﬁgn%ﬁﬁ‘ﬁe? ﬁﬁgéu &ngéFEi]?ﬁﬁ‘f?%%ﬁ #gB8rhaFeng a

t hi ish i f ble to. ject th
Cransm SSivs e S an o L A o bR i SV 5 Sftmcr BaZPng

transm ssive optical elenen

(e surfase coa e eabaapem sslore il g2l LDy B UOnEOLRS

the surface of "the transm ssive op enen € “extent

to degrage-dheiont beala Pehhiar mance, of the pr e&sag&nq@sqméﬁg%gﬁxaaem

in order to enhance_adhe5|on betmeen the_ transm ssive o _
el ement andmidier M ithd §86ktlriaank oXisd@id blfMthe projeAriBht ¥psh xbh

aspect of the present invention provides the exposure apparatus
acthrdi ngystdme 5 forty-second aspect, in which the nultil ayer
filmincludes a first filmfornmed by a dry filmform ng nmethod and a
second fil m nadle tdfimany-oxidethoramgee by afwethd i pmekenn nphvehboen
provides the optical element according to the
thirty-seventh aspect, in which the light-shielding film
is formed of any of a metal film and a metal oxide film.
15 A thirty-ninth aspect of the present invention
provides the optical element according to the
thirty-eighth aspect, in which the metal film is made of
at least one selected from the group consisting of Au, Pt,
Ag, Ni, Ta, W, Pd, Mo, Ti, and Cr, and the metal oxide film
20 is made of at least one selected from the group consisting
of 2r0;, HfO,, TiO,, Ta;0s, Si0, and Cr,0s.
According to the optical element of any one of the
thirty-seventh to thirty-ninth aspects, it is possible to
prevent irradiation of the exposure light beam and

25 reflected light of the exposure light beam from a wafer

onto the sealing member formed in the peripheral portion
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According to the exposure apparatus of the forty-sixth aspect, the
first filmand the second film 10 formed on the transm ssive opti cal
el ement on the substrate's side of the projection optical systemare
not detached fromthe transm ssive optical elenent. Moreover, the
transm ssive optical elenent does not dissolve in the liquid filling
t he space between the tip portion of the 16 projection optical
system and the substrate. Hence it is possible to maintain the
optical pefforlranceidé therpropectcbe optipealedsyst@marg) t @ £oMHUE
exposure in the optimal condition. In addition, it is not necessary
to repl ackerapani paAFE oPibiecbte bathert eoenthér sgbently.c’ 20 Bhierefar e,
it is possible to maintain high throughput of the exposure apparatus.
A forty-sidvent PERheetion thePpiesdnt FHE&RM onbproviges tde expasure
apparatus, according.tq the fortieth aspect, in which the first

anti - di sglo]r%FbﬁhﬁgﬂrﬂléfngthJdPudéna %hish PRt e ifavisgraspibiecttioe
fungtion pp Pro eét the o H!cal eleggnt agﬁrnst the liquid and an

ant | - ref T T O f GREETEIHP - Trveht CREf BECLI TG SteIPRT exposure | i ght

b Here, th hin.plate | t bly joined,t f f th
og?rLaI (raleeneng'.E %gér&?héS?%Cﬁﬁs%gg§85ﬁrég%§§a%a§ﬁgt3$%t%ggvgdes ©
forty- t. ft ti | . t t roded
by the TiedPorerpgraTd 1 F SonaitlRaTh o R Spdtaa f o ot
Lhe eXposHf &.aRpaiabus: ficob0gh F0T ERLACE QLA GO QAGY OBt I6aln,

elenment, and it is theréby possible to manu re products

ef ficientdask oHxdvar eavetr s ed g PRt b?@? e@aRNL poh Jhe sRiesant
i nvention has the corrosion resistance and the stable optica

chad act erdrst ito, ihtekpopessidilvet 0 istuali L hzesphe eayat kb ¥naf s@R¢ace
products to be manufactured by use of the exposure apparatus
enbeddi ng & hbeoptbetl acleeaedttiod pirogection optical system. Here,
the exposure apparatus includes a first anti-dissolution
member provided on a surface of a transmissive optical
element on the substrate’s side of the projection optical
15 system.

According to the exposure apparatus of the fortieth
aspect, the first anti-dissolution member is formed on the
surface (a tip surface) of the optical element. Therefore,
the optical element does not dissolve in the liquid filling

20 the space between the tip portion of the projection optical
system and the substrate. Accordingly, it is possible to
avold 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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15present invention. A forty-eighth aspect of the present

i nvention provides the exposure apparatus according to the fortieth
aspect, which further includes a second anti-dissolution nenber on a
side surface of the transmi ssive optical 20el ement on the substrate's
side of the projection optical system According to the
exposure apparatus of the forty-eighth aspect, the second
anti-dissolution nmenber is formed on the surface (a tip surface) on

t he subst¥at @Bt 2B5edexgiogtes obti the ebérentl armhantibe.si de surface
(a tapered surface) of the optical elenent, or in other words, at
portions where® h&C&kyodirs i gimpastamodoeshgot Ppassntthr bugkntion
Therefore, it.is possible to prevent dissolution of the optical

el ement i YHEIFF Ut Y FIHT T Woe P Svakles et sRiehl BAECQ ith pEptitdm tof
the projection optical . 5 systemand the substrate. Hence it is not

necessary 1o°T el ace tHE OBt i TAF o Bheht FetuehtFylutAgn  megber
i bl i i i n:hi { hput of t.h t oo
oS as muogaln an hepponiut L e SpBsUe R

add]tlon, since the o éenent does

it is poss bfL@of:chaitﬂfeaiorbéifkeappéi&ﬁén%oeggfi%fsfﬁa“&?e 0{-%@%._
i opti mal

projection optical systemand to continue exposure in

condi ti on. AccoAdiard y- pbnt kraspect, 9§, Fhe %%%%’thé‘yeﬁ%i ORhe
provi des the exposure apparatus according to the forty-ei ghth aspect,
in which Rachyofitbe dépstt, it is possible to reduce an interface
in comparison with a multilayer film. Therefore, it is
10 possible to minimize an adverse effect of a chemical
reaction which is apt to occur when the liquid infiltrates
into an interface of a protective layer serving as an
anti-dissolution film. Moreover, it is easier to form the
film as compared to formation of the anti~-dissolution film
15 including the multilayer film.

A forty-second aspect of the present invention
provides the exposure apparatus according to the fortieth
aspect, 1in which the first anti~dissolution member
includes a multilayer film having a protective function

20 to protect the optical element against the liquid and an
anti-reflection function to prevent reflection of the
exposure light beam.

According to the exposure apparatus of the
forty-second aspect, the tip of the optical element is not

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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15 anti-di ssolution nmenber and the second anti-di ssol uti on nenber
includes a filmthat is forned by use of an identical material.
According to the exposure apparatus of the forty-ninth aspect, it is
possible to formthe 20 anti-dissolution filns on the surface on the
substrate's side of the optical elenment and on the side surface of
the optical elenent at the sane tinme. Therefore, it is possible to
formthe anti-dissolution filns by a sinple process. 25A fiftieth

aspect ofceheopgrdsept iicalerilicanept pvadesithesexpesube dBRAHIUS to
according to the forty-eighth aspect, in which the second

anti - di ssvrnefentmeebend notodesta reftfalciasritl di sswbukbeor i lgnhayi ng
a protective function to protect the optical elenent against the

li quid. SHAeeeRfiirpl ¢litmernkpdstihe mppaeat ushoént hen fidd icetrr casipact |
the side surface of the transm ssive optical elenment on the

substrat F¥SsFHaRER ! p? opéebilen wptical Spstremtierpsoveded twitsh
the_netal anti-dissolution film which is insoluble to the given
ligbid i RATPLBLE b8t REaR1idtare iR fHeRl bEVL AE shPsPradacdrd tchde

proj ectiaqn system Therefore, it is possible to prevent

0 cal
infiltr atlﬁlaolhg%%)cgﬁa S0 P¥o8i%6n Odf FERBIE 2 sERR2 HPEHEaRTBICSIEMRT by
the |i qui ‘ by .t intain th tical, f ormance of the
o ecti onSaPrEaEed KB A Lat PR RERELE b e to avoi d

proj ection op System

di ssol uti on oprthE%%g%@i ”v%s Cghgak¥ﬁg%%%ntg%gg%h p;a§§%g£ﬂ3$

thereby to maintain t performa f expo

addi 1] on.pidviseBAnIBARRIYe LI LM BEE dICLAZRTN S UE 8RG8

el enent frequently. Therefore, it is possible to 20mai ntain hig

thooughpuispéct e rexpasly ehapPerat Uhti-dissolution member is made
of at least one selected from the group consisting of MgF,,
LaFs, SrF;, YF3, LuFs;, HfF,, NdF3:, GdFs:, YbFs, DyF3;, AlFs,,
Na3AlFe, SNaF-3Al1F3, A1;03, Si0p, Ti0,, MgO, HfO,, Cr,0s, ZxrQy,
Taz0s, and NbzOs.

15 According to the exposure apparatus of the
forty-third aspect, it 1is possible to select the
anti-dissolution member to be formed on the optical
element. Therefore, it is possible to select the most
appropriate anti-dissolution member based on the material

20 of the optical element, the environment where the optical
element is placed, the type of the liquid used for filling
the space between the projection optical system and the
substrate, and the like.

A forty-fourth aspect of the present invention

25 provides the exposure apparatus according to the

forty-second aspect, inwhich themultilayer film includes
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Afifty-first aspect of the present invention provides the exposure
apparatus according to the fiftieth aspect, in which the second
anti-di ssolution nenber further includes an adhesion reinforcing film
formed 25between the side surface of the optical el enent and the
metal anti-dissolution film According to the exposure
apparatus of the fifty-first aspect, the netal anti-dissolution film
is formed on the surface of the adhesion reinforcing filmfornmed on

t he side Buefysies dh fBeant darisyd ss) wadptiscall aybe elstrrdt ore f BRhich
substrate’' s side of the projection optical system and it is possible
to attachl$ heexerabsgnti agi sietrustu ontdyemd cl sebydt olblyeri/r arsyHeSI Ve
optical elenent. Therefore, is possible to prevent infiltration to
and corro%lll%?leéﬁlt"ﬁel?ﬁ’&ﬁ§m/s§r¢é éptiecal of10nel emdrtctind threngitten
liquid interposed between the surface of the substrate and the

proj ecti off ® |‘68PS%§§11§19; odnd lt)hérae%s/btgcfzrral (Atidi Alq e SRz caliii)

Vb
Dosi bl o NeF s T The. DT GPREHCLZBr/ S Hotex BS uF & FABBEF al k205
because ds )the Bt ?hgﬁgt/hl bs;g)l %’feotnr(&lﬂrgm ts:%%gt@gg%g}:hed rom t he

transm ssive OptIC nen

S0 1o S TS A0 0k L TEEORAC

repl ace t transmssive opti *¢al

possi bl e &1y 205pi ﬂgggm?thLgpgngl‘tpatytslcg the exposure appar at us.
A fifty-second aspect of the present i nvention provi des the exposure

appar at us accopndicgdingd hecbi f eingt h I in Lyt on
anti-di ssol ution nmenber further includes %r%rota\ggl ve L?sel m f or thhee

mel@l 25aiditygh 8sokuhi onsfdddn, Hetlee thei1prQt8@d verfihm hgsf ored on
a surface of the netal anti-dissolution film
protective function for a given time period, and is
therefore capable of protecting the optical element
against water as the immersion liquid for ten years, for
example. Hence it 1s ©possible to provide the
15 high-performance exposure apparatus having high
resolution and a large depth of focus by use of the liquid
immersion method. At the same time, it is possible to
provide the stable exposure apparatus having the stable
optical characteristic without being corroded by the
20 liquid for the given time period.

A forty-fifth aspect of the present invention
provides the exposure apparatus according to the fortieth
aspect, 1in 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

32



According to the exposure apparatus of the fifty-second aspect, the
protective filmfor the nmetal anti-dissolution filmis forned on the
surface of the netal anti-dissolution filmformed on the side surface
of the 5 transmi ssive optical elenment on the substrate's side of the
projection optical system and it is possible to prevent damage on
the soft nmetal anti-dissolution filmhaving | ow abrasion resistance
and thereby to protect the netal anti-dissolution film Therefore, it
i s possi Mo tip- £ Df pheweptcitnf ithier ahitan di0s 0L €065 05k 98011 he for
transm ssive optical elenment by the given liquid interposed between

t he surf @oewént hegsdistsodhe: iand the tpeojlecii Dd 0Bt ifean&y Sé&M:nhand
thereby to naintain the optical perfornmance of the projection optical
system PBINmpeverf ithe stpessiblss itwe naipitiadail t ka guesfor rancehef

t he exposure apparatus because the transm ssive optical elenent does
not di ssEARSGTREResS|FEdrdel Ithadtieientiph ppthok lneyessar Pyt ase

repl ace the transm ssive optical elenent frequently. Therefore, it is
posti bl e Ao Pofaiifitai bl kg oG hBather (¢a expbeui e edppay ahagh
Afifty-third aspect of the present invention provides the exposure
appar at u Ogboc%errb%)hbytﬁnghé i etht bEpecPerfRTMnGs tHRl ki we to
anti-dissol.ytjon filmis nade of at |east one selected fromthe group
consi st i S{%%&%é ‘Au,Tthesﬁf,oﬁ%’, J1%[ }ST%?SW%;& LR Trayeninf i1 tpRESPEI ng
to the exposur iLfty-thi.rd aspect,. the netal

anti - di s)é:%l %'tﬁlogn fi i m%%ﬁls %u%: gdtggnts & 551 %%la?f?lﬁﬁgg B¥e of

Au, Pt, Age Nivdd 1YWuPd im’er-go%éad]db&w.bgnf %h@e%ut%a? hee %kgggﬁent

surface (the tapered surface) of the transm ssive optica

onid he substgater s aidamnd dle 0l Oetdon Opii sl syt eMh O FBLHt her
words, at a portion where the exposure |ight beam does not pass

_through. tdherefor@ini thies quosstHl epke reAMATEE SXPOSW & idY EBEion
optimal condition w thout shielding the exposure |ight beam by the

nmetal 1O0eptii-cdilsseyatenn fRlsma resultA fiitf tiys fposchbaspad ot he
present invention provides the exposure apparatus according to the
fifty-seddsdadspeictn oA which riememprod et | yptichm fedrentdret Nt athe
anti-dissolution filmis made of at |east one
liquid and thereby to maintain the performance of the
15 exXposure apparatus. 1In addition, it is not necessary to
replace the transmissive optical element frequently.
Therefore, it is possible to maintain high throughput of
the exposure apparatus.
Here, when the transmissive optical element is made
20 of calcium fluoride having a smoothly polished surface,
it is preferable to subject the transmissive optical
element to a surface treatment for increasing the surface
area of the transmissive optical element by roughening the
surface of the transmissive optical element to the extent

25 not to degrade the optical performance of the projection

optical system in order to enhance adhesion between the
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15sel ected fromthe group consisting of Si02, Y203, Nd2F3, Cr203,
Ta205, Nb205, Ti 02, Zr02, Hf 02, and La203. According to the
exposure apparatus of the fifty-fourth aspect, it is possible to
sel ect the protective filmfor the netal anti-dissolution filmto be
20 formed on the surface of the metal anti-dissolution filmthat is
formed on the transm ssive optical elenment. Therefore, it is possible
to sel ect the npbst appropriate protective filmfor the nmetal
anti - di ssotansonstive bgsedcoh themmiteranll ehet hent1a8$8E83ME on
optical elenent, the 25environnment where the transm ssive optical
el ement isxpiactilmthe type of the given liquid to be int er posed
between the surface of the substrate and the projection optical
system and thé | fRety-sixth Aafsipfetqt f iofft hthepeptestntheipreaeniion
i nvention provides the exposure apparatus according to the
5f ort y- eiRfiR AL d@8Pecthei n S TH X he 3BPSHAE taust i -adi asodin g ont penitére
inc%udes |.ight-shieldi né; film ) A fifty-sixth aspect of the
predent iMeEntT OBRCPREVE TRECEhe e¥PoSHr b & ppdrtat LAy o ddrldt hAgclodetse
fifty-fifth. ect, i vvhicg/g the |igh _thi elding filmis 10formed of
any of aarrg g%%fﬁ%ﬁnafgodmée v %Sk’i g?ai’i“i Gpming fethod and a second
film made of an oxide formed by a wet film forming method.
According to the exposure apparatus of the
forty-sixth aspect, the first film and the second film
10 formed on the transmissive optical element on the
substrate’s side of the projection optical system are not
detached from the transmissive optical element. Moreover,
the transmissive optical element does not dissolve in the
liquid filling the space between the tip portion of the
15 projection optical system and the substrate. Hence it is
possible to maintain the optical performance of the
projection optical system and to continue exposure in the
optimal condition. 1In 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

25 includes a thin plate having a protective function to

protect the optical element against the liquid and an
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A fifty-seventh aspect of the present invention provides the exposure
apparatus according to the fifty-sixth aspect, in which the netal
filmis nade of at | east one selected fromthe group consisting of
Au, Pt, 15 Ag, N, Ta, W Pd, M, Ti, and C, and the netal oxide
filmis nade of at |east one selected fromthe group consisting of
Zr02, Hf02, Ti02, Ta205, SiO and Cr203. According to the
exposure apparatus of any one of the fifty-fifth to fifty-seventh
aspects, dntisrpfdsiclilion 20uhotpoevent préaghat reF1efc tiw, exposwe
l'ight beam and reflected light of the exposure light beamfroma
waf er ont®*Re8eanki hjghbnbennf. or Fede, nthepehiiphplak epokt HeBaehathe
side surface (the tapered surface) of the transm ssive optical
el ement olf ¥hedstiBser s fpag def ofthe heprpicpdctelemabopt i cal syst enby
use of the light-shielding film In this way, it is possible to
prevent deteri 6CAAGH Y the sé&lS nExrewbee. apparatagifof- eitglet h
aspgct of_.the present invention provides the exposure apparatus
acc%r di ngfcfrthfhﬁef’SPfR'ihetaﬁp%ﬁemt%W% %rt'tffféroﬁ?lb?aéleggaﬁe@ﬁt Leal
menber jqQined 5to rface.of the optical_ elenment by optical contact
t hrough t ng Pfgto%ncf#yaqﬁé%&llﬂﬁl& m% Gefore, it i aotdragessaEne
exposure Rar f.the fiftyseighth aspect, the exposure apparatus
appl i es ttﬂog pr Le{%?(?o%tcgg i 24 }Eg%st%é{l%ovﬁﬁlg% ERR P RetBpPEESE Menber
10 achi evigi sxgethentoppbhedl opentant o Merefore,yi el 5,PoRaible to
perform an ‘exposure process of ?’hec]aalquel |rrrr1i£3’rsi§%% Jf/plesw_ﬁﬁ%eﬂoy
mei nt ai niggs @i ki gh per f ellANGE {1 0Fe OVeRaa LoRGRATd 00 PF; LiDRe 1y
10 Moreover, since the optical element of the present
invention has the corrosion resistance and the stable
optical characteristic, it is possible to stabilize the
quality of end products to be manufactured by use of the
exposure apparatus embedding the optical element of the
15 present invention.

A forty-eighth aspect of the present invention
provides the exposure apparatus according to the fortieth
aspect, which further includes a second anti-dissolution
member on a side surface of the transmissive optical

20 element on the substrate’s side of the projection optical
system.

According to the exposure apparatus of the
forty-eighth aspect, the second anti~dissolution member
is formed on the surface (a tip surface) on the substrate’s

25 side of the optical element and on the side surface (a

tapered surface) of the optical element, or in other words,
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A fifty-ninth aspect of the present invention 15 provides the
exposure apparatus according to the fortieth aspect, in which the
exposure light beamis an ArF | aser beam the optical elenent is an
el enent made of calcium fluoride, and crystal orientation of the
surface of the optical elenent is defined as a (111) plane.
20According to the exposure apparatus of the fifty-ninth aspect, the
exposure apparatus configured to emt the ArF | aser beam as the
exposure #tgherbaamscam edchitdvee exin ghr e esbhbiti brapedbesmaree pass
Mor eover, the optical elenment is nade of calciumfluoride and is

25t her ef of e @PBki-cabl efiereafomser Havi ngsa phestibiavel engt breve tas
theArF |laser. Meanwhile, when the optical elenent is made of cal ci um
fluoride, “tREOOPELCH O ERENPPEAR2ACRILEPEE fiay Ghabllé aurdan $rildsinan
perfornangg of ult%a%iolet hi ht and the |like and fine durability
agai nst tneS IR PEIEEST § Fg%lrfdppﬁé:qqu@jf Ghe Ra@ilEicdn on pretigal
anti-dissplution_filmto be fornmed thereon,. or.|lanthanumfluoride in
par?iculagygﬁéﬂsa Fec &d *8 Her%eroepitHBG al L or bt RO WhBRCERE MM RA s

formed onedp (Lbin {or g ewr Lack e al el Tl porhde; had Bg.Lie, .

crystal orientation o ane. ere

ant i - di sseb w0t i ik pRdoL0hereon becaums oxig enely dense aqd

achieves a crystalline structure wth very

sixtieth aspeeionf thacrresendptnvant L9RRHAViHdeS AR te¥RASY 1K e i
k th ﬁnlbeam

apparatus configured to illumnate a mask w an exposure lig

for transfiesrilngnsi At tiey nign $hesideMbsk antid B SYbIHAL §pthaygh a
projection optical system and to interpose a given liquid In a space

beflleen psuféamenck the dihest pabegeand doheoprojcadt | O9sophi Galg St em
Here, the exposure apparatus includes a light-shielding film provided
on a sidecxyeinge ekpastyransim stheveopptimedl condition.

A forty-ninth aspect of the present invention
provides the exposure apparatus according to the
forty-eighth aspect, in which each. of the first

15 anti-dissolution member and the second anti-~dissolution
member includes a film that is formed by use of an identical
material.

According to the exposure apparatus of the
forty-ninth aspect, it is ©possible to form the

20 anti-dissolution films on the surface on the substrate’s
side of the optical element and on the side surface of the
optical element at the same time. Therefore, it 1is
possible to form the anti-dissolution films by a simple
process.

25 A fiftieth aspect of the present invention provides

the exposure apparatus according to the forty-eighth
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20el enent 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 filmis formed of any 25o0f a netal filmand a netal
oxide film A sixty-second aspect of the present invention provides
t he exposure apparatus according to the sixty-first aspect, in which
the netal filmis made of at | east one selected fromthe group

consi sti mMFRECHu, P, wAg,cINi thEa, s¥¢oRd, abtiTiisasdu@iomnéehier
nmetal oxide filmb5is nade of at |east one selected fromthe group
consi sti A®iL¢eeZ2 npted, amt D2d 158205t iSirOf ianthBr 208 .a protective
According_to the exposure apparatus of any one of the sixtieth to

si xty- se%’rfbc%l%%gctté’, PEOte FosERBl oR bl pRbventener adiaata iors bf thiee
exposure |.ight beamand 10 reflected Iight of the exposure |ight beam
froma \A&Tjecg”o(ﬁto the sealing nmenber fornmed in the peripheral portion
of the side suhz%%q:é.t he tagﬁred surface) of the transm ssive optical

el enent on t he Subst rlf'ﬁ%'t_so e SBP e pPBPECATIF Gt FE&l T8y Stembpy
soe o VISP £ Ahng 1) B Ve L RSBl
element on the substrate’s side of the projection optical
system is provided with the metal anti-dissolution film,
which is insoluble to the given liquid interposed between
10 the surface of the substrate and the projection optical
system. Therefore, it is possible to prevent
infiltration to and corrosion of the transmissive optical
element by the liquid and thereby to maintain the optical
performance of the projection optical system. As a result,
15 it is possible to avoid dissolution of the transmissive
opticél element in the ligquid 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 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-dissclution member
further includes an adhesion reinforcing film formed

25 between the side surface of the optical element and the

metal anti-dissolution f£ilm.



Brief Description of the Drawings Fig. 1 is a view showi ng a
schematic configuration 200f a projection exposure apparatus used in
Enbodinent 1. Fig. 2 is a view showng a configuration of an optical
el enent of Enbodi ment 1. Fig. 3 is a view show ng positiona
rel ations anong a tip portion of the optical elenent, and exhaust
nozzl es 25as well as intake nozzles in an X direction in terns of a
projection optical systemshown in Fig. 1. Fig. 4 i1s a view
showi ng posi ti araloxicrlras | obs ambey tdhgdiRrPOr kbR reftdde opti gk

el enent, and exhaust nozzles as well as intake nozzles in a Y
di recti orfiifnt y-ef iesof atshe qir,0) ©od i et Opt baal -yt shivw 014k g 1.
5Fig. 5is an enlarged view of a substantial part in the projection
optical dostresd showhhiensEirfacls ahiichei hbhstiares aigpistsing suppl v
and recovery of a liquid to and froma space between the opti cal
el enent ifpHRd ppj BEEI 61 deptiwalf acyse Enthnd ta amesimers AW vd 0Fpgiclis a
vi ew show ng a configuration of an opti cal
5 element on the substrate’s side of the projection optical
system, and it 1is possible to attach the metal
anti-dissolution film closely to the transmissive optical
element. Therefore, it 1s possible to prevent
infiltration to and corrosion of the transmissive optical
10 element by the given liquid interposed between the surface
of the substrate and the projection optical system, and
thereby to maintain the optical performance of the
projection optical system. Moreover, it is possible to
maintain the performance of the exposure apparatus because
15 the metal anti-dissolution film is not detached from the
transmissive optical element and the transmissive optical
element does not dissolve in the ligquid. 1In addition, it
is not necessary to replace the transmissive optical
element freguently. Therefore, 1t 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 a protective film for the metal

25 anti-dissolution £film. Here, the protective film 1is

formed on a surface of the metal anti-dissolution film.
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el enent of Enbodi nent 3. Fig. 7 is a viewshowing a

configuration of an optical elenent of Enbodinment 6. Fig. 8 is a

graph showing a relation between 15reflectivity and an exit angle in

terms of the optical element of Enbodinent 6 applied to an ArF

exci mer | aser. Fig. 9 is a view showing a configuration of an

optical elenent of Enbodi nent 7. Fig. 10 is a graph

showi ng a relation between 20reflectivity and an exit angle in terns

of the optical Aslcematitn of Eqbodtihrmnteﬂpagpkeeq ato et o F EXCi e

| aser. Flofig 11 is a view showing a configuration of an optical

el enent ofl EabodeAend @spect, the pEpgectlvies fil lgr apdr shbei ngtal

rel ati on between 25reflectivity and an exit angle in ternms of the

opti cal anti-dissolution film'is formed on the surface of the metal
anti-dissolution film formed on the side surface of the

b transmissive optical element on the substrate’s side of

the projection optical system, and it is possible to
prevent damage on the soft metal anti-dissolution film
having low abrasion resistance and thereby to protect the
metal anti-dissolution film. Therefore, it is possible

10 te prevent infiltration to and corrosion of the
transmissive optical element by the given liquid
interposed between the surface of the substrate and the
projection optical system, and thereby to maintain the
optical performance of the projection optical system.

15 Moreover, it is possible to maintain the performance of
the exposure apparatus because the transmissive optical
element does not dissolve in the liquid. 1In addition, it
is not necessary to replace the transmissive optical
element frequently. Therefore, 1t 1is possible to

20 maintain high throughput of the exposure apparatus.

A fifty-third aspect of the present invention
provides the exposure apparatus according to the fiftieth
aspect, in which the metal anti-dissoclution £ilm 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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el ement of Enbodinment 8 applied to the ArF exciner |aser.

Fig. 13 is a graph showing a relation between reflectivity and an
exit angle 8 in terns of the optical elenent of Enbodi nent 8 applied
to the ArF exciner |aser when a filmthickness of a second |ayer is
reduced by half. 5 Fig. 14 is a view showing a configuration of an
optical elenent of Enbodi nent 9. Fig. 15 is a graph showing a
relation between reflectivity and an exit angle in terns of the
optical elehenttBirEnbaapraeit: 9tappl hetlalo ahbtiAdEsexdiuteror agdnm
10Fig. 16 is a view showing a configuration of an optical elenment of
Enbodi nerffondtructed agmj ¢he) il pagepht shbwl agss pekabifoRubetowen
reflectivity and an exit _angle in terns_of the optical elenent of
Enbodi nerftd 13" hppf Fed"r o Pne MR F Tdxcidht Gasks . fanrpg. ongthe &idieew
show ng copfiguration of an optical, elenment of Enbodinment 11.

Fig. 19 %surgpﬁ?%patﬁ%%\ﬁpnegr%d rsé“praf‘%zf%%) [Pt WeENT F BRPBLEIS®Sy ORbd cadt
exi ¢ angl g A r f i.cal el.ement Enbodi nent 11 appli.ed
to %he %r%éei%%ﬁeﬁlt%see%@%fgga& 20 Slls&re: i g&/esl%%ij ﬁg‘géo&ﬁﬂtéﬁ@&ii on

of an optd.£al el &ENRL, Bkhgribggg:%r)tag:za portion where the exposure

light beam does not pass through. Therefore, 1t is

possible to continue exposure in the optimal condition

without shielding the exposure light beam by the metal
10 anti-dissolution film.

A fifty-fourth aspect of the present invention
provides the exposure apparatus according to the
fifty-second aspect, in which the protective film for the
metal anti-dissolution film is made of at least one

15 selected from the group consisting of Si0;, Y,0s;, Nd,Fsj,
Cr,03, Ta»0sg, Nb205, TiO,, Zr0,, Hf0,, and La;0s.

According to the exposure apparatus of the
fifty-fourth aspect, it 1is 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 1is

placed, the type of the given liquid to be interposed
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Fig. 21 is a graph showing a relation between reflectivity and an
exit angle in ternms of the optical elenent of Enbodinment 12 applied
to the ArF excinmer laser. 25Fig. 22 is a view show ng a configuration
of an optical nenber used in Enbodi nent 14. Fig. 23 is a
graph show ng angl e-refl ectance characteristics on an interface of
optical contact shown in Fig. 22. Fig. 24 is a view showing a
configuration of an optical nenber used in Enbodi nent 15. Fig.
25 is a Nehvepowhg auedatiegeifattihen sofb sirr opt i zad ehenpndjesed oinn
Enbodi nent 16. Fig. 26 is a view conceptually showi ng a
first st&Piiral nenara8y uringg Prockskefor an optical el ement 4 shown
10in Fig. 25. c.e.FlQ., 27 is a view conceptually showi ng a second
step in the mafiuf Q%FEVF%dfﬁrhocé%’eF&r Pe BPEi careerBfentnYeshdeR in
Fig. 25. ravid gi g. e28 is a view conceptually showing a third
step 15i BTHe Fahuf 58Eur FRE BT ssEPBR L ERE SopETA T T Frento4 $RGwn
in gig. Ttyv—ed hJE:h s . view.conceptual ly showing a fourth
step in the r%n%Jf%C_ u?gfs g?%rbclensg & EHS %??Egtlaréﬁle%hgsﬂ_lgﬁéﬁﬁ in
Fig. 25 20fd R0ci8a8sVhew;yimifg; & 36HSMRY g, configurati on

A fifty-sixth aspect of the present invention
provides the exposure apparatus according to the
fifty~-fifth aspect, in which the light-shielding film is

10 formed of any of a metal film and a metal oxide film.

A fifty-seventh aspect of the present invention
provides the exposure apparatus according to the
fifty-sixth aspect, in which the metal film is made of at
least one selected from the group consisting of Au, Pt,

15 Ag, Ni, Ta, W, Pd, Mo, Ti, and Cr, and the metal oxide film
is made of at least one selected from the group consisting
of ZrOz, HfOZ, TiOZ, Tas0;5, SiO, and Cr,0s3.

According to the exposure apparatus of any one of
the fifty-fifth to fifty-seventh aspects, it is possible

20 tc prevent irradiation of the exposure light beam and
reflected light of the exposure light beam from a wafer
onto a sealing member formed in a peripheral portion of
the side surface (the tapered surface) of the transmissive
optical element on the substrate’s side of the projection

25 optical systembyuse of the light-shielding £film. 1In this

way, 1t is possible to prevent deterioration of the sealing
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of a projection exposure apparatus used in Enbodi nent 17.

Fi g.

31 is a view showi ng positional relations anmong a tip portion of the
optical elenent, and exhaust nozzles as well as intake nozzles in an

X direction in terns of 25a projection optical systemshown in Fig.
30. Fig. 32 is a view showing positional relations anong the tip

portion of the optical elenent, and exhaust nozzles as well as intake

nozzles in a Y direction in terns of the projection optical system

shown in kegbed30. Fig. 33 is a view showing a schematic configuration

50f an exposure apparatus according to Enbodinent 33. Fig. 34 is a
vi ew show ng a R omfiifgur-adigintlof aapeapt i odl thengite 660" diMed©ion
Exanpl e 1. Fig. 35 is a view show ng an aspect of reflection
when | i ghpreyifdesi tbatevposalkei appblratuisdeccd®Biigg 86 tlse of o h
showi ng residual reflectivity of calciumfluoride when the light is
i nci dent ®PP&CEal Phdal |Tyertiekr subetvudes. an optical member joined

5

10

15

25

to a surface of the optical element by optical contact
through the first anti-dissolution member.

According to the exposure apparatus of the
fifty-eighth aspect, the exposure apparatus applies the
projection optical system which embeds the optical member
achieving excellent optical contact. Therefore, it is
possible to perform an exposure process of the liquid
immersion type while maintaining a high performance for
over a long period of time.

A fifty-ninth aspect of the present invention
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.

According to the exposure apparatus of the
fifty-ninth aspect, the exposure apparatus configured to
emit the ArF laser beam as the exposure light beam can
achieve a high resolution performance. Moreover, the
optical element is made of calcium fluoride and is
therefore applicable to a laser having a short wavelength

such as the ArF laser. Meanwhile, when the optical element
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Fig. 37 is a view showing a configuration of an experinental device
used in Exanple 1. 15Fig. 38 is a view showi ng a configuration of an
optical elenent according to Exanple 2. Fig. 39 is a view
showi ng a configuration of an experinental device used in Conparative
Exanple 1. Fig. 40 is a graph showing results of neasurenent 20 of
steps neasured after the experinments of the optical elenents of
Conparative Exanple 1, Exanple 1, and Exanple 2. Fig. 41 is a
vi ew shovishgmadeordf garaciom of laoridasnitdsd vepbptriadal e béearht can
according to Example 3. 25Fig. 42 is a view showing a configuration
of a testa&fhieeordithg fevexamdle 3fransmissigiy. #Rriformmanesy shdni ng

a configuration of a transmnissive optical element according to
Exanpl e #ltraviolefqlight and thicel §AAR§ iecBnrrddddiivoageingt

Sk E i g SR L Sk S IR

5 anti-dissolution film to be formed thereon, or lanthanum

fluoride in particular, is subjected to heterocepitaxial

growth when the film is formed on a film forming surface

of calcium fluoride having the crystal orientation of the

(111) plane. Therefore, the anti-dissolution film formed

10 thereon 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 through a projection optical system,
and to interpose a given liquid in a space between a surface
of the substrate and the projection optical system. Here,
the exposure apparatus includes a light-shielding film
provided on a side surface of a transmissive optical

20 element on the substrate’s side of the projection optical
system.

A sixty-first aspect of the present invention
provides the exposure apparatus according to the sixtieth
aspect, in which the light-shielding film is formed of any

25 of a metal film and a metal oxide film.

A sixty-second aspect of the present invention
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optical elenent according to Exanple 6. Fig. 46 is a view
showi ng a configuration of an optical elenent according to Exanple 7.
Fig. 47 is a view show ng a configuration of a sanple 101 used in
Exanple 6. Fig. 48 is a view showing a configuration of a sanple 2
used in Exanple 7. Fig. 49 is a view showng a configuration of a
sanple 3 used in Reference Exanple 1. 15Fig. 50 is a view show ng an
experinental device used in Exanples 6 and 7 and Reference Exanple 1.
Fig. 51 iBravgdaph shew myoesutes apprexpénisnerscdndBxgnpkes Ghand 7
and Reference Exanple 1. Fig. 52 is a view showi ng the
state of Yhe-gahpretonsrarter inhehésghethaemetal 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

5 is made of at least one selected from the group consisting
of Zr0,, HfO;, TiO;, Tay0s, Si0, and Cr,0s.

According to the exposure apparatus of any one of
the sixtieth to sixty-second aspects, it is possible to
prevent irradiation of the exposure light beam and

10 reflected light of the exposure light beam from a wafer
onto the sealing member formed in the peripheral portion
of the side surface (the tapered surface) of the
transmissive optical element on the substrate’s side of
the projection optical system by use of the

15 light-shielding film. In this way, it is possible to

prevent deterioration of the sealing member.

Brief Description of the Drawings
Fig. 1 is a view showing a schematic configuration
20 of a projection exposure apparatus used in Embodiment 1.
Fig. 2 1is a view showing a configuration of an optical
element of Embodiment 1.
Fig. 3 is a view showing positional relations among
a tip portion of the optical element, and exhaust nozzles
25 as well as intake nozzles in an X direction in terms of

a projection optical system shown in Fig. 1.
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Fig. 53 is a view showing a configuration of a transm ssive optical
el ement according to Exanple 8. Fig. 54 is a view showing a
configuration of a transm ssive optical elenent according to Exanple
10. 25Fig. 55 is a view showing a configuration of a transm ssive
optical elenment according to Exanple 11. Fig. 56 is a view
showi ng a configuration of a transm ssive optical el ement according
to Reference Exanple 2. Fig. 57 is a graph show ng angl e-refl ectance
5 characteri stil@s #heéf #iGghev fshopw ingeeb st isnadcrdéntiomst hmong
transm ssive gptical elenments according to Exanple 10 and Reference
Exanpl e ZPDELR PRUTBREG T picoRP bl cahes PreRE F et Entrddinsenne 220 e sNow,
preferred enbadi nents of the present invention will be described with

referencé®d% a&c&Bﬁﬁ:}ﬁyPﬁé “dredntRgd. T (Bt hentin )t X sjfeéhicon
CXPOSUI e FARELEL LS, 2ERALAAND L0, 0oy EIROdl NG of thi s nvention
exposr ¢ appar Sts Spblyl AceLRa BPdSAd PepBat RBEABY 1AdcBAang * o
Enbodi rrer’cthel-pJ:Ejie%tti%nbeoﬁ'Q_rnglt wstaé}nxgﬁo%g hﬂgo‘é@'g. 1, which
illustrates aspects of supply and recovery of a liquid to
and from a space between the optical element in the
projection optical system and a wafer W.
10 Fig. 6 is a view showing a configuration of an optical
element of Embodiment 3.
Fig. 7 is aview showing a configuration of an optical
element of Embodiment 6.
Fig. 8 1is a graph showing a relation between
15 reflectivity and an exit angle in terms of the optical
element of Embodiment 6 applied to an ArF excimer laser.
Fig. 9is a view showing a configuration of an optical
element of Embodiment 7.
Fig. 10 1is a graph showing a relation between
20 reflectivity and an exit angle in terms of the optical
element of Embodiment 7 applied to the ArF excimer laser.
Fig. 11 is a view showing a configuration of an
optical element of Embodiment 8.
Fig. 12 is a graph showing a relation between
25 reflectivity and an exit angle in terms of the optical

element of Embodiment 8 applied to the ArF excimer laser.
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20 coordinate systemas illustrated in Fig. | will be set up in the
foll owi ng expl anati on, and positional relations of respective nmenbers
W Il be described with reference to this XYZ orthogonal coordinate
system In terns of the XYZ orthogonal coordinate system an X axis
and a Y axis 2b5are set parallel to a wafer Wwhile a Z axis is set in
the orthogonal direction to the wafer W In terns of the XYZ

ort hogonal coordinate systemin the figure, an XY plane is actually

set to a paral IElg pl age t9 a horbapantshopiage ahided At/ 8%itsidet set
in the vertical direction. As shown in Fig. 1, the projection
exposur e appheativity accordi rgittoankile enhadieents oF phevbged it h
an illumnation optical system 1l which includes an ArF exciner |aser
as an exposekenkti ghtEsbafémendn8oppridaled tbeghat ar F( axkdmegeniazen) , a
field stop, a condenser lens, and the |ike. Exposure light (an
exposur e Thgfht2 Béaf) thickng ssonsiasiesgrst lalverays of edupead ey bedrfs
having a wavel ength of 193 nmis emtted fromthe |ight source, then
pas8es t hrough it i} f uAPnat i Hhe¥psheaing sz efer fdwd naterabyof an
illumnates_a pattern faqrne a,reticle (a mask) R The |ight

passi ng fﬂ?%ﬁﬁ%ﬂtﬁ eF@?ﬁbfﬁgﬁggéo?bﬁﬁﬁgdgand 15 proj ected onto an
exposure regi on.. t er, (a_substrate) Wcoated wi,th a

phot or esi st at@éi'enggrg?%cﬁioﬁrﬁﬁgni??%%%?%n553r5g§if§”§ePeFHefP4 or

1/5, for Sxamplelvhlyougl ¢ Ipf&f'et%gglgpw%'er%yst(fo B vBheR s

rendered tel ecentric on si des on - one Side §

20W . cleméRE&E %Eé@ilﬁéﬂ?ﬁyraﬁ)ﬂli@& ddtrd fﬂgiﬁ'%ogliggglg%ﬁiaagle% to

use a KrF exciner |aser beam (having a wavelength « , an 'F2
| agser beam (haviig a1 @ayel engdhew! skl iWy »a aBohzhighe fIiYWR a, FeLEUrY

| anp (having a wavel ength of 365 25nm), and the IiKe. Meanwhile, the
reticle Rpisicel achedetrt @ fF Bnisd®iment 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 rel.ation 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 1is 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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stage RST, and the reticle stage RST incorporates a nechanism for
finely noving the reticle in the X direction, the Y direction, and
the direction of rotation. Positions of the reticle stage RST in
terns of the X direction, the 5 Y direction, and the direction of
rotation are nmeasured and controlled in real tinme by a reticle |aser
interferoneter (not shown). Meanwhi |l e, the wafer Wis fixed
onto a Z stage 9 by use of a wafer holder (not shown). The Z stage 9

is fixed 10 ontig.an AKY sitsage 1GrewH i HEditP ta{,a?' ~abengckhe LY
pl ane that is substantially parallel to an inage ane of the

projectio@h@pabtatisyskenbﬁLanahdtemmhm&lsfaoﬁﬁﬁablpaahtb@& GAown
position in the 2 direction) and a tilt angle of the wafer W

Posi tionsif Fiie 22stage 9 in ternms of 15 the X direction, the Y
direction, and the direction of rotation are neasured and control | ed
inreal tine byi¥ wetér iBagerviaveshordmest ez ¢3ngppinyiaiy en nofalkine
mrror 12 located on the Z stage 9. Mreover, the XY stage 10 is

pl ated orPRL b%@g RemR&E 65ﬁ¥idﬁ?é%m?6déBﬁPFoﬂ5the X 20direction, the
Y direction, Eﬂ he glrectlon of rotation of the wafer W

Amai n control <y& rﬁ A Pn& Ui f M%?%w%jEEPﬁ6HW§ﬁRkﬂﬁe0f an

t t f_th t t f the X
rFecti oS T heTy ot PR R T b Fhat T e B5aF RS dif ‘of rot ati on based on
t | th.th t.i cl
ntorforon VaFlieggpem?g Qrf QEa§§£§§ Bl reP%%léf %\f&rfFaﬁgﬁPts a

i nterferoneter I cal n con

control slrgraahah%ﬂaftecd@ﬁh@fymwgofcppra% g?zt' Rablcgflieﬁ{[e!lncé 9 2hags

RST, and adjusts the positions of the reti y nmoving the
retocl e simgeidRST25.

Fig. 27 is a view conceptuaily showing a second step
in the manufacturing process for the optical element 4
shown in Fig. 25.
Fig. 28 is a view conceptually showing a third step
15 in the manufacturing process for the optical element 4
shown in Fig. 25.
Fig. 29 is a view conceptually showing a fourth step
in the manufacturing process for the optical element 4
shown in Fig. 25.
20 Fig. 30 is a view showing a schematic configuration
of a projection exposure apparatus used in Embodiment 17.
Fig. 31 is a view showing positional relations among
a tip portion of the optical element, and exhaust nozzles
as well as intake nozzles in an X direction in terms of
25 a projection optical system shown in Fig. 30,

Fig. 32 is a view showing positional relations among



5Moreover, the main control system 14 adjusts the focal position (the
position in the Z direction) and the tilt angle of the wafer Win
order to align a surface of the wafer Wwith the i mage pl ane of the
proj ection optical system PL by applying the auto-focus nethod and
the 10 auto-leveling nethod. Specifically, the main control system
14 adjusts the focal position and the tilt angle of the wafer Wby
transmtting a control signal to a wafer stage drive system 15 and
driving thee Ziptgetfoniah thiecombi enlst bemedt | wndpghamsibnotnles
addition, the main control 15 system 14 adjusts the positions of the
waf er W iaf vierlds agf inhekg dpeadeisohp &hHe MM migteidn dm tamms beé the
direction of rotation based on nmeasurenent values which are neasured
with the REFEFCTheRr OPhilcelersofidtaft aAlBOWSpéa| Filgal 132 t he main

control system|14 ag&usts the positions and the 20 direction of
rotation of théidafar YWy THEnSHITING 2 SORBA L GGl L 9erahéonaf er

stage drive system 15 and _driving the XY stage 1 i th the wafer
stgge dHQMa%%s?%%?igFe apparaté%“aqﬁ%rg%ﬂg gP %ﬁgﬂéhQﬁn?h%3nain
control syste 2 guenti all .respective.shot .r.egions on the
waf er VVstemeEééfOQ%Fpggi%ig%l% n%ﬁ%%%&@éf%yc??gﬁ%Hfﬁﬁﬂﬁ é’Pcaﬁtrol

signal ! @ie- #AM el onkage Adotsy Sypl e dRaapddylving the XV stage 10
m

with the wafer stage drive syste 5. Specifically, the main contro

system 14 repeglg ansopey af ivfed OshE¥PRS AY A sRAILEIJE | YBEE. Of 1 Lhe
reticle R 5 onto the wafer Win accordance with the step and repeat

nmethod. when 1{ldhs REOL@CHINRM LXROSHE Bc apRaFALBS iadopts the |iquid
i mrersion method in order to virtually shorten an exposure wavel ength

antb t o i nproveFigsoBatiemn diefsh dhodheg Ads pioheCtd PDe €XPOSHREOF
apparatus of the liquid inmersion type adopting the liquid inmersion
nmet hod, &agicdem |flgwdidefwhes Bhgphtehbet seemcadsutf anea ofat btumaf er
Wand a transmi ssive optical element 4 on the wafer Wside of the
proj ect i A Usptidal sehystsamtrL at | east during the transfer

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 Comparative Example 1.
Fig. 40 is a graph showing results of measurement
20 of steps measured after the experiments of the optical
elements of Comparative Example 1, Example 1, and Example
2.
Fig. 41 is a view showing a configuration of a
transmissive optical element according to Example 3.
25 Fig. 42 1is a view showing a configuration of a tester

according to Example 3.
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15 of the pattern image of the reticle Ronto the wafer W The
projection optical systemFL includes a |ens barrel 3 for housing
mul tiple optical elenments nmade of silica glass or calciumfluoride,
whi ch collectively constitute the projection optical systemPL. In
this projection 20 optical systemFL, the transm ssive optical
el enment 4 located in the closest position to the wafer Wis nade of
calciumfluoride, and surfaces (a tip portion 4A on the wafer Wside
and a tapered $hF-ace348 g see VRiey Lhywdfigt e toahsgussitieowpdFcal
element 4 are only allowed to contact 26the liquid 7. In this way,
corrosi ont BHASBE RER V@ePEdtic¥ ¢hempbhsabgoraling numlcEvinpkeak -ar e
avoi ded. . Here, the base material of the transm ssive optical
el ement 4 showh %% Ftg. 1% i3 ¥a§¥ ofPeUlBPud f FoRElgB8radi®rcrott &
orientation of a filmformn S%Lface of the calciumfluoride is

0

defined as #1137 1gFan®t! FUenE FCRRGNdA UM T kR TaRS ( RyF2)

filmFl and a si.ljcop.dioxide (Si02) filmF2 collectively serying as
an 5annti - di ssol U%Jtligjdn 7 %ersarae of red "L e 3i HOB&HEY r‘?et&,@rbno hé‘%

waf er W si.de: t ransm ssive. optica nt. 4, or a portion
wher e th?%ﬁh@éﬁrggﬁ%ﬂg {% ;Qaéédefé&%rﬁgogéh#xgb%%e 6o'f the vacuum 10
vapor depositi ret hod, Sl L r .Sl i:0x] de-(91.02)
filmF3 is for(]?rr,ri:L thlgér)e(l)ﬁ %ya‘ﬂg%&’ogﬂgw%%t Pifl ﬁnglgﬁ%gr%gdeﬁe%o%f 2h

Meanwhi | &p i 20t 8l efleh t2)adddFa fivg (£4) Eg8RYIRY 7as a netal
anti-dissolution film (which also ?unctl ons as an 15 adhesion

reinforcing filriy.i 870 nedien thewtapes ebsti §@ELt #8n0d s theampie
transm ssive optical elenment 4, or a portion where the exposure |ight
do&8 not passed hinuBkampyeuse of the sputtering nethod. In addition,
a silicon dioxide (Si02) filmF6 serving as an protective filmfor
20t he nmetal anfigdi $§8ol uita hewi $hovangrataotileufat whorf eheample
anti-dissolution film for protecting the netal anti-dissolution film
is formed o ed stpfBEemgilet e metal anti-dissolution film(the
anti-dissolution film F5 by the wet filmformng nethod
si mul t aneous| y Fidt-h4 P of et FARW2SBPWERE 3iqanoi e dki e (Bir023pilem
F3. HereﬁtggégEiglReference 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.
FPig. 52 is a view showing the state of the sample
20 3 after the experiment.
Fig. 53 is a view showing a configuration of a
transmissive optical element according to Example 8.
Fig. 54 is a view showing a configuration of a
transmissive optical element according to Example 10.

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

transmissive optical element according to Example 11.
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anti-dissolution film(the anti-dissolution film F5 to be formed on
the tapered surface 43 of the transm ssive optical elenment 4 has
solubility in pure water equal to or below 2 ppt and packing density
equal to or above 95% Moreover, nean reflectance of the
anti-dissolution film 5 fornmed on the tip portion 4A of the

transm ssive optical elenent 4 is equal to or bel ow 2% when an exit
angl e of the exposure |ight beamis set to 50 degrees. The
transm ssi ve oftidcal &l éferd FishownhPriRgg.a 2cpyfiiguriadtcancet a
manuf actured by the follow ng steps: 10 (i) a masking seal is

at t ached WP R 8P bVGor PPEACAA oRlERENAf BECRLSiidey oftot hReference
transnisigve optical elenent 4, or the portion where the exposure

| i ght pa Rhfofigh, so as to avoid attachnent of the netal

anti-dissolutigg fiI@HFSimhich i S sypposed to be fornmed on the
tapered 15surfacé 437of the frafdsiiPdsi V@Ot ald™ Kreheliestanke

porgion re.light. S .not pass.through,; i.i) The
tan% al um : ia‘%%??ﬁ??gqgég]&e{lggJigﬂh‘q'tehfercflﬁi %k%%%lsu%fl%oﬁnﬁﬁfi%ﬁ Pie
t aper ed { SSi (e e b se . qf
t he sput t%g{él‘ %g%nnést%lh%s%ggf%é?n{] %%ﬁezlér/%g?rg?; fn‘laélqlel}s]g‘g% ﬁgﬁ%ﬁ%emlgal SO
functi onizi ase tbecadResi@mgi forcing film F5  (iii) The masking
seal attached to the tip portion 4A on the wafer Wside of the
transm ssive optical elenent 4 is peeled off; 25(iv) The nagnesi um
fluoride (MJF2) filmFl in the thickness

Detailed Description of the Preferred Embodiments

10 Now, preferred embodiments of the present invention
will be described with reference to the accompanying
drawings.

(Embodiment 1)
A projection exposure apparatus according to

15 Embodiment 1 of this invention will now be described with
reference to the accompanying drawings. Fig. 1 is a view
showing a schematic configuration of a projection exposure
apparatus applying the step and repeat method according
to Embodiment 1. It is to be noted that an XYZ orthogonal

20 coordinate system as illustrated in Fig. 1 will be set up
in the following explanation, and positional relations of
respective members will be described with reference to
this XYZ orthogonal coordinate system. In terms of the
XYZ orthogonal coordinate system, an X axis and a Y axis

25 are set parallel to a wafer W while a Z axis is set in the

orthogonal direction to the wafer W. In terms of the XYZ
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of 15 nmand the silicon dioxide (Si02) filmF2 in the thickness of
300 nmare forned at the tip portion 4A on the wafer Wside of the
transm ssive optical elenment 4 by use of the vacuum vapor deposition
met hod,; (v) The silicon dioxide (Si02) films F3 and F6 in the
5t hi ckness of 130 nm are sinultaneously forned on the tantalum (Ta)
filmF5 serving as the netal anti-dissolution filmthat is formed on
the tapered surface 4B of the transm ssive optical elenment 4 and on
the silicBAtBreRde (StoJitetm F2stemmid ahet Hd dume pont iXon plUdhdA
on the wafer Wside of the transm ssive optical elenment 4 by use of
the wet f+FrRFbPALAY FBLHEA, 2 BRI 2htaltdbake| hie F3carid &6t at o heat ed
and sintered. at %?0%6 and (vi) The silicon dioxide (Si02) filmFé
formed on"Ph&St &Ml Ui RS f 1 FnESSerd fgistHoneiapl ggrection.
anti-dissolutiqﬂsf%%n1fun joné af thgﬂg{otective filmfor the netal
anti - di ssol ution Filr‘ﬁ%?cﬁtp]r%t ¢t FRG R $et LPP SR HI B GRRATATEYS | m
Meagwhi | e : er. whi.gh. is easily available in |l.afge quantity at
a sgnicon ﬁggéglﬁgﬁuﬁﬁétJﬁphg ﬁ?%%?d%?engo tRe PRI GEsdtt Yy 1
liquid 7.; : r r C i.0s yery .| gw quanti of
inpuritieétggglPgﬁgﬁggeggﬁgkggbegP%ge?b %xﬁ%HTQ1alPﬁﬁé¥$yn £8 dtean
the surfaggcoOhetrhg ddderaW an exposureFh9gnt | o@rcY%eWa?Ah% ﬁg:al
he tapere

positional relations anong 25the tip portion 4A and
surface 4thoagtheowaf8homogenizer), a field stop, a condenser lens,
and the like. Exposure light (an exposure light beam) IL
10 consisting of ultraviolet pulse beams having a wavelength
of 193 nm is emitted from the light source, then passes
through the illumination optical system 1 and thereby
illuminates a pattern formed on a reticle (a mask) R. The
light passing through the reticle R is reduced and
15 projected onto an exposure region on the wafer (a
substrate) W coated with a photoresist at given projection
magnification B (B 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 1-line from a mercury lamp (having a waveleﬁgth of 365

26 nm), and the like.

Meanwhile, the reticle R is retained on a reticle
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Wside of the transm ssive optical element 4 in the projection
optical systemPL, the wafer W and two pairs of exhaust nozzles as
well as intake nozzles configured to interpose the tip portion 4A and
the tapered surface 4B on the wafer Wside in the X direction.
Meanwhile, Fig. 5 4 is a view showi ng positional relations anong the
tip portion 4A and the tapered surface 4B on the wafer Wside of the
transm ssive optical elenment 4 in the projection optical system PL,
and two paFfgcofR¥khaddtd nbhe| azetkcihel Ist@od nR&Re Tozerpsretrsi qur ed
to interpose the tiP J[_gor,ti on 10 4A and the tapered surface 4B on the
waf er W sTHERPRISHe: 95 f ietY 819V itHe thect ekt F bR ex pbsuF diametriatius of
includes a liguid supply device 5 for controlling

t hi nmbodi t.. }

sulprs)l ; o?g%%\rgxnfiilﬁﬁc&l?o%m&néi PR 3ethboRf getidd o f oPasdritiran s i ng
di sch f.the liquid 7 15 liguid |y device 5 includ

ank (not® SHom  TERCtRe? FRADI BT, 12 HRGRF T puil X ROt SR, e

t enger at uy e | .devi (hot . .sho and the li.ke. Moreover, a
shggvvn i nu%i %?P?%F:Egr?néx\ég&gtth%ozdz %e(VZ\EL%OﬂaQ/?nﬁogﬁtélognﬁgteealetaisﬁlre

portion akeag thetkXididection pf the i portion,4A,and ;the
tapered surface 4B on the wafer V\?si de :ingé cg%ﬁec%edgtggl?%% Iilqausledr

suppl y devheer$etrbn@udt asdppsNofdbe 21, and an exhaust nozzle 22a
having an el ongated tip portion along the -X direction of the tip

portion 4A andMdunilapee pdciserbacer4B 08 thgcwobero VW s da d §e a 9,
connected 25thereto through a supply tube 22. Meanwhil e, as” shown in

Fig. 4, amsexhauswafezzheldda hayvtnghewinpl ongeied kikpgePorid an @l png
the +Y direction of the tip portion 4A and the tapered surface 4B on
t haOwaf eroviigiate XiYss t egret® exbrt Ol g ee i tyita astgdpky odevi he By thraaugh a
supply tube 27, and an exhaust nozzle 28a having an el ongated tip
portion 5FREbngst hebsagitdedtivrrarat helt fp portiinegedplame tofe the

tapered surface 4B on the wafer Wside is also connected thereto
t hr ough PSUpPFyiPtbeCPB8ictle FY§lhre sBppl yarevicer Brabf ust s fioral
tenperature o{.the uid 7 by.use of the tenperature control device,

and suppl¥e&3* ﬁ8n16|°—‘!t%9%é}:é?ar P cOREroIT e FE R b it & ithie aReHE W
[rom ot | gast, g g0aet Sazale al of Ble SXIBMSL U0TE g glo. 22
gl]j%gtzzi,nt ?t;}r? ??ﬁégsegﬁroglégf’%ge t?”B&?E%‘cWi%an atrbcia Hl(gujigrgcitio%etoé 0
rotation are measured and controlled in real time by a
wafer laser interferometer 13 applying a movable mirror
12 located on the Z stage 9. Moreover, the XY stage 10
is placed on a base 11 and configured to control the X
20 direction, the Y direction, and the direction of rotation
of the wafer W.
A main control system 14 included in this projection
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 zreticle laser interferometer.
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15 as the tenperature inside a chanber in which the projection
exposure apparatus of this enbodi nent is housed by use of the
tenperature control device, for exanple. The liquid recovery
device 6 includes a tank (not shown) for the liquid 7, a suction punp
(not shown), and 20 the |ike. Mreover, as shown in Fig. 3, intake
nozzl es 23a and 23b each having a tip portion spread in the -X
direction of the tapered surface 4B are connected to the liquid
recovery %Retééicatlinoughha meciavecyntulbd 28ysaad i1t akeanemikes 24a
and 24b each having a tip portion spread 25in the -FX direction of

t he taper@rstptacel @B ar €@l $beconaebtpdsthei etorphratgl ainecmkery
tube 24. Here, the intake nozzles 23a, 23b, 24a, and 24b are

di sposed THttheerlme? Rat aadeadprehd e pofdit isiepes thet atitiecte an
axi s that assgs tgrou h the center of the tip portion 4A on the

waf er W st ane ypé‘%éﬂrbq thet hetkcde staga®Tte, 5 as shown in
Fig. 4, intake_nqzzl.es 29ghand 29b eacP h vin% a tip portion spread
inthe -v direfS 6Pt h faféred SUrFAR cohnegd 8§ teo e
liquid recovery devigce 6 rough .a.recqvery tuybe 29, and intake

nozzl es g%oaa/‘g%opggblcgggh (#al\?i ﬁgsé%ﬁ'oﬁl por t3¥1§n%s§r1§§(‘fqerI’c)héanF\Fhe
directio e.ka e face 4 re also.connected theret

t hr ough ngg%d%g %Qtageggg.gﬁggé,%tﬁg ?ﬁ g%e%ﬁo?%ﬂg§ §9§Prféﬁfeéﬁg,

and 30b arge djasmmdw&@htbﬁer@mgé e @t%%rgégjieg%

fa S
relative to an axis that passes through the center-o 9ﬁEI§F§q%%r ion

4A on thesyeten WisiHe afyh lpi sgpairad | glithe fh& s A¥kSod and tHe
|l iquid recovery device 6 recovers the liquid 7 fromthe wafer W

t hiough auteasévene nigntekichodzz| spadi Hifcd heyj ntake mozz! esn23a.1
23b, 24a, 24b, 29a, 29b, 30a, and 30b through at |east one recovery
t ube out safstéme ROredjiuety thlefFil PosPOjioandnd0the tilt MNextle
met hods of supplying and recovering the liquid 7 will be described.
Wien t he afaftére weife mifved srepansétingaadiorttodns {ghel- 2o di wedleiron)
of an arrow 25A indicated wwth a solid line in Fig. 3, the liquid
suppl y defzge sdrive system 15 and driving the 2 stage 9 with the
wafer stage drive system 15. Inaddition, themain control
15 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
contreol 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



25supplies the liquid 7 to a space between the tip portion 4A as wel |l
as the tapered surface 4B on the wafer Wside of the transm ssive
optical elenent 4 and the wafer Wthrough the supply tube 21 and the
exhaust nozzle 2la. The liquid recovery device 6 recovers the liquid
7, which is supplied fromthe liquid supply device 5 to the space ' 5
between the tip portion 4A as well as the tapered surface 4B on the
wafer Wside and the wafer W fromthe wafer Wthrough the recovery

t ube 23 anhtheli stigialnoze| ebe23@ fand 2Bbgel Artivies Lpseent he lamgui d
7 flows on the wafer Win a direction (the -X direction) of an arrow
25B, wher®byV 10¢ heh e pat e thaed sueleh wild Wwdfee walfleand tielye travsmisysitean
optical element 4 is stably filled with the liquid 7. On the
ot her hand® - wiRfthelaateéy: whe modadcsnéprilss vish e did ecbieart { tae +X
direction) of an arrow 26A indicated with a chain line in Fig. 3, the
liquid sUPpTyRtLorceCs eE5BQSHNT L M 195w HngdeoofhEhgpaes tsdianden
the5tip pq{Eion%4A ai mehl.as t he tapered sg%fgge 43 on the wafer W
side of tHE ?rahEnYsEfe opli A5COH WYt R ReS hBPe RN ERPSEGh
the supply.dybg 22 and the exhaust nozzle 22a. The liquid recovery
device 6 recovers the liquid 7, which is 20supplied fromthe Iliquid

supply device Bptq Isl_nsjae%9%nbs£§g§%§e2§p%%gapﬁ@té@%géﬁ?ﬁ g'g' |, ;38

the tapered surface 4B on the wa e wa gh the

recovery itrher 24080k {164 i 8kacRogz s, 2¢a 99%1?0‘&{)%%15 %):(% BL3 6R5%

the liquid 7 flows on the wafer Win a direction (
wavelength and to improve resolution. Here, in the

10 projection exposure apparatus of the liquid immersion type
adopting the liquid immersion method, a given liguid 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 traﬁsfer
15 of the pattern image df 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. 1In this projection
20 optical system PL, the transmissive optical element 4
located in the closest position to the wafer W is made of
calcium fluoride, and surfaces (a tip portion 4A on the
wafer W side and a tapered surface 4B (see Fig. 2)) of the
transmissive optical element 4 are only allowed teo contact
26 the liquid 7. In this way, corrosion and other defects

of the lens barrel 3 made of metal are avoided.
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25direction) of an arrow 2613, whereby the space between the wafer W
and the transm ssive optical elenent 4 is stably filled with the
liquid 7. Meanwhi | e, when the wafer Wis noved stepwi se in the
Y direction, the liquid 7 is supplied and recovered along the Y
direction. Specifically, when the wafer Wis noved 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

t hrough the supgitg t Gbe Pasgndathe iexhadisthaozrzérs@ias iTire obitduiad.
recovery device 6 recovers the liquid 7, which is supplied fromthe
liquid Rtpptyt dgarvte 18 Féathé spaaeibafineean ctive filpopdrdd omndA as
well as the tapered surface 4B on the wafer Wside and the wafer W

t hr ough torﬁay?fegﬁv&rﬁetr’tﬂ?etk&naﬁg thefi hlakde® Hvhy e§ UZFa cando POlEhe n
this case,_the Ii§fid 7 t he exposure_ region in a direction

fl .
(the -Y diteetbn %?r?fg_gﬁsﬁggbﬁﬁgléf fhet &by Phe"&pacobepween t he
thell i quiitpoied AN SRERL V& DR £ SSTRE. P8 it St Sindvelr |
t i i i 8] igu d. | y_devi 5 i, 20
The 1 qui &P Tn sumn 4 Re ke LPey SR e e Pr SO RG 158,
The 1i quid 1ecavers 4evh e & HEQONPLR il | AV Tn MG 1 § SYRR! i ed

fromthe liquid supply device 5 to the space between thé tip portion

4A on the maher t\Whsisde Aty d i ved e Weddi ough Jihe gjsse@\i%ngg% 30
and the 26i ntake nozzles 30a and 30b. In this case, the liquid 7
fl ows on tithe exposure IeéghanphBskhie thtdidlectbPnusdhgtebie vacuum
10 vapor deposition method. 1In addition, another silicon
dioxide (Si0:) 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 functions as an
15 adhesion reinforcing film) is formed on the tapered
surface 4B of the transmissive optical element 4, or a
portion where the exposure light does not pass through,
by use of the sputtering method. 1In addition, a silicon
dioxide (Si0;) film F6 serving as an protective film for
20 the metal anti-dissolution film (a protective f£film for the
anti-dissolution film) for ©protecting the metal
anti-dissolution film is formed on a surface of the metal
anti-dissolution film (the anti-dissolution filﬁ) F5 by
the wet film forming method simultaneously with formation

25 of the silicon dioxide (S10,) film F3. Here, the metal

anti-dissolution film (the anti~dissolution film) F5 to
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t he space between the wafer Wand the transm ssive optical elenent 4
is stably filled with the liquid 7. Here, in addition to the
nozzl es configured to supply and recover the liquid 7 along the X
direction and the Y 5 direction, it is also possible to provide
nozzl es for supplying and recovering the liquid 7 along oblique
directions, for exanple. Next, methods of controlling an
anmount of supply and an anount of recovery of the liquid 7 will be
descri bede d9rEeg. o8 theatabeweshewmiptheiBtafetbé suppkyiing iand
recovering the liquid 7 to and fromthe space between the opti cal

el enent @Q%h%@it@@?ﬁ@ntthé piesj sotlivgni bpty cah ByseewrPerardudie twaf er
W As shown when the wafer Wis traveling in the direction
(the -X dif @cqn}r%‘ﬁ) prt Gn ﬁécé?lrrtﬁNd?Sﬁl‘%YleeqLiQ]hlde Psapevied S¥.om

t he exhayst qg%zke 21a ro%i n the direction (the -X direction) of
an arrow hd“ 7 s"FBEoVE ﬁqiquﬁaQ§nEﬂ%aqRE%T%§S§8éu5ﬁ@n2§B1m|1

order to i t anmpunt , of uid 7.to . fill the space
bet ﬁeen t%@hg% |€%ﬁt&$n§n%§%cﬁrt32%na% ?]%u &}\%fte ARGRYEALWReRPLRE Aaf er
w tra ap | s), and_an_anpunt
relczveryve%c;é &mys gngﬁha |qU| Q'¥§¥é“ég$!é@ﬁ%?.aﬂb?éggeﬁng ffe OF
amount ofm@p@woyuranqlrg@& amunt ; of <L C%ersng\éoetggg‘geegge liquid 7 are

adj ust ed based on a traveéling speed v of the 510 (the wafer

W. Specifical tfie theraimuwdi e spopkylVeiapdnthe éHBWﬁt i Fig. 2
recoveryVo of the liquid 7 are calculated by the follow ng f&rmil a
1. (Formils A9r VimsVesck wathufactured by the following steps:

10 (i) a masking seal is attached to the tip portion 42 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;
(i1) The tantalum (Ta) film is deposited in the thickness
of 200 nm on the tapered surface 4B of the transmissive
optical element 4 by use of the sputtering method to form

20 the metal anti-dissolution film (also functioning as the
adhesion reinforcing film) F5;

(1ii) The masking seal attached to the tip portion 4A on
the wafer W side of the transmissive optical element 4 is
peeled off;

25 (iv) The magnesium fluoride (MgF,) film Fl in the thickness

of 15 nm and the silicon dioxide (Si0;) film F2 in the
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Here, D denotes a dianmeter (nm) of the tip portion 5 4A of the
optical elenment 4as shown in Fig. 1. Meanwhile, v denotes the
traveling speed (nfs) of the XY stage 10 and d denotes a worKki ng

di stance (nm) of the projection optical system PL. The speed v for
noving the XY stage 10 stepwise is set up by the main control system
14, while the values 10 D and dare preset. Accordingly, the liquid 7
always fills the space_between the optical elenent 4 and the wafer W
by cal cul @I AR &RT agj 490 R eRE &PeuRd At Suppl Yivi Pant iohe 4dnount

of recovgﬁz Vo of e.&%guid based on the fornmula 1. 15Here, the
wor ki ng di 5% 1 "o 145 Ofr EE&FFBHSUﬁﬁS&é’ie SPHIGH Iple g efebabl y

t i_bl t taipn.the liquid 7 stably bet
The opt§ e ot EneRE " Tasint Refia 1% Sk ot anie i e varking
di st f ' [ LCcalg - tem PL b t .
20appr oxi et of e RuAl T 2 herue” s SO B e 'Y Re %) bRt 1R

expgsure_ﬁﬁ%ﬁéé@ %ff t:hB@ gﬁg%émgﬁmqn’ltiaﬁ%ﬁo}ﬁpnfis% :.rSSeE) U(FII{ g\é%]g}l m

di ssolution of the optical ment because

|s formedandhensuriage of rihg opkbcal-gkemggt. lgeretgre, gathe
optical elenment is prevented fromdissolving in the liquid filling

the spacenrbeiveessbbettiop poilhortft the proheal i QBld cahpsygkem
and the substrate. Asa result, it is not necessary to replace the

optical elwnimte f4Bquenthy apdnkihniiss ipesTgdecd D @Béntaknahkgh on

t hroughput of the exposure apparatus. Mreover, it is not necessary

5 to stophspeiaticom dfoxhdeekPpoSur €iappa? Starsnddaarides ttip pepkaea t he
corroded optical element, and it is thereby possible to nanufacture
ent pr odfét snefheciaheryW siideaddi thersrahenbpsival opt émeit e lemsnnot
dissolve in the liquid and it _is thereby possible to maintain an
optical “8YpePe ShdhGevwst fhénprofBERg Gteoped cand Edteanthiseftdmst | s
possible to stabilize the quality of the manufactured end products
and to cdnt itk BXpdsar 8epi echérishtd iufeeeddati 860°C; and

(vi) The silicon dioxide (Si0;) film F6 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 film for protecting the metal
anti-dissolution film,
Meanwhile, pure water which is easily available in
large quantity at a semiconductor manufacturing plant or
20 the like is used as the liquid 7. Here, the pure water
contains very low quantity of impurities and is therefore
expected to exhibit a function to c¢lean the surface of the
wafer W.
Fig. 3 is a view showing positional relations among
26 the tip portion 4A and the tapered surface 4B on the wafer

W side of the transmissive optical element 4 in the



Mor eover, according to the projection exposure 15 apparatus of this
Enbodi ment 1, the netal anti-dissolution filmthat also functions as
the adhesion reinforcing filmis formed on the tapered surface 413 of
the transm ssive optical elenent 4 on the wafer Wside of the
projection optical systemPL. Therefore, it is possible to attach 20
the metal anti-dissolution filmclosely to the transm ssive optical

el ement 4. Meanwhile, since the silicon dioxide (Si02) filmis forned
on the swfatecdionhepmétall asnytsitedi $I0| uthicomaffidimi,i tanics tpes piallres t 0
prevent damage on the soft netal anti-dissolution film having | ow
25abr asi oIt reshawanceoand eishesebie 1tlo apr dtrdcdk¢ heonel @k configured
anti-dissolution filmTherefore, it is possible to prevent
infiltratfOnteeaRESEorPSsitdl pontHon rihsiidsive oppecal eberfente 4
by the liguid 7 interposed between the surface of the wafer Wand the
proj ecti off §pt FE&IW%QEFMPF{‘E At her by s Lrdi-nt Meantthd lopt Féal-
pergornan e, of the 5 Q{o'ection ogtica em PL. Moreover, it i

t t
18 g View sho plé)rq FrahkLopp tsgslm eal&%%rg{lgsltipl >

possible to maintarn th
because tgg}{{ S '§§Aa qg%} |_element 4 does n di ssolve in the
liquid 7. 1n a%giﬁon, ﬁih S a?%tr%%cse%rs 75t roerb&;]ceewtaifeer W s1de
transm ssi ti - f.r. ent Therefore, it.is,.
possibIes%%qﬁg?n%%?ﬁsﬁéggggﬁréggﬁgﬁgLo l%#%ﬁgrgj%%tf%% §%5§8Féon

apparat Usptical sy dR@NOERY {48 tal o%nékﬁgﬁgfq{c%ii)gsfaﬁg Weiﬁ.

formed on the tapered surface 4B of the transm ssive optic el énent

4, or in fhery 8%z Ale & PO AN IS i nt2 A SXRRS UL %bghatiolaeam
| L does not pass through. Therefore, it is possible to continue

exposur e 4m drhe wapd inmpecodihir0acwi tBouh shieldirag Wheieepesuige

i ght beamIL by the netal anti-dissolution filmformed on the
surface of diheedtaosm sShoepoptecdlical emprisukre ApdMeanubi be, tais
refractive index n of pure water relative to the exposure |ight beam
havi ng t Ienkedahengt hiacéudegs20@ nrhiisiiapproxemiy el geetjual G0 Fo44,
whereby the ArF excinmer |aser beam having the wavel ength of 193 nm
becormes |9 t¥resi8HoFERPLlgNCfhEhRal éAUWE drand athbguipdrdecovery

device 6 for controlling discharge of the liquid 7.

15 The liquid supply device 5 includes a tank (not
shown) for the liquid 7, a booster pump (not shown), a
temperature control device (not shown), and the like.
Moreover, as shown in Fig. 3, an exhaust nozzle 21a having
an elongated tip portion along the +X direction of the tip

20 portion 42 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 a supply tube 22. Meanwhile, as shown in

Fig. 4, an exhaust nozzle 27a having an elongated tip
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25i s reduced to 134nm In this way, it is possible to obtain high
resolution.In addition, a depth of focus is nagnified by about n
tinmes, i.e. about 1.44 times as conpared to the depth of focus in the
air. Accordingly, when it is only necessary to secure the sane degree
of the depth of focus as the case of using the exposure |ight beam5
inthe air, it is possible to increase the nunerical aperture of the
projection optical_ systemPL and thereby to inprove the resolution as
well . por K%?e%%%?g the p¥ofeEEF&AOBXpdstibe Sppaparts ool 4Bhiead

Enbodi nent, 1 |nclu%§ % wo pairs of exhaust nozzles and 10 i nt ake
nozzl es WHEhH- &8t tﬁHFI?9%nﬂ§f%ﬂqh?tWﬁ?%@cWr%%@?ohsaﬁanpﬁcﬁﬁé Y

di i bl fill h b h

reet Lok EER LRI Ll MO il e S Py 1
f he

v 11 4 SRR S ook SRS 9B, Al ea o roct Lo o

vwafgr, it315nPees bh&{0 &t NSE Hf Icﬁ% %%? ll\%lr gﬁtaﬁg%then?gpfaﬁgd

attached onto the wafer by using eover, since

liquid i 590 2sé efin ton a9 W@J‘fé?”@%ﬁéé‘f bé/lé’o 2:? Aﬂ&H‘chSHRQEXto

device, the tenperature of the surface o the s set

const ant trermegat Br supAcer dupgl v .i t e PPsghbke sh%pﬁrfv&@hce 5
degradati on of alignment accuracy attri butable to ther mal expansi on

of the wafejusasisetei ndnperotuse of emposurguidher efongse idfi ghe
25possi ble to prevent degradation of alignnment accuracy attributable

t o t her mlerexgpambion of comd nwelf er @vencehen and supplies the

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

least one exhaust nozzle out of the exhaust nozzles 21a,

22a, 27a, and 28a through at least one supply tube out of

the supply tubes 21, 22, 27, and 28. Here, the temperature

of the liquid 7 is set to substantially the same degree

15 as the temperature inside a chamber in which the projection

eXposure apparatus of this embodiment is housed by use of

the temperature control device, for example.

The liquid recovery device 6 includes a tank (not

shown) for the liquid 7, a suction pump (not shown), and

20 the like. Moreover, as shown in Fig. 3, intake nozzles

23a and 23b each having a tip portion spread in the -X

direction of the tapered surface 4B are connected to the

liquid recovery device 6 through a recovery tube 23, and

intake nozzles 24a and 24b each having a tip portion spread

25 *in the +X direction of the tapered surface 4B are also

connected thereto through a recovery tube 24. Here, the
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there is a tinme difference between alignnment and exposure as in the
case of alignnent in accordance with the enhanced gl obal alignnent
(EGA) nethod, for exanple. Further, according to the projection
exposure 5 apparatus of this Enbodinent 1, the liquid flows in the
sanme 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 w thout accumul ating
the |iquibnhbakeheoi@érpoddae 28Qi on4 & rmauld &t 4% ya teldive ddee & und ate of
the transm ssive optical elenent. |ntheabove-describedenbodi nment,the
anti - di sSRRREENCHET M 2 FIotER dnigitesifam $hapeisdee [MgERE to an axis
andsiIicondioxide(3i02%.Instead,the 15 anti-dissolution film may
apply at FReaktPanaest thassEndia |amrtele ¢LaFse, tipr paritdwnf doode

(srF2), yttritn?fluorlde (YEF3), ruthenium fluoride (RuF3), hafnium
fluoride (1 PALeHERY AP AR ifoPRrde LARIFEY, tRadorkAPum ¥pabrhdd e,

&IE3), bi £ id YbF3), d i 20 fl id F3
b hum 39 S RS 0 JRF R kS T XEhGRe] b it AT et %Aﬁgs) |
un | 3y, "eryBIPLE (RASASEGT HcHiBIa T ol
SO0y TN EE BOLEDRh, SPrd PNl 18 (e bh B RO e rete

(G203), ik eaebulthoxt decdLhlckod! @8t 2him Pant axi-de (Tashal, and ¢
) I'n escribed

25ni obi um pent oxi de (Nb205). Moreover, e above-

enbodi mrenth rdhen Atd sl lyid fi ' I [
(MyF2) and Iéi??gon%%ﬁﬁiy(ﬂgﬂoéz))a9i'sg¥rg??rggag%t ng%{SiU%%a aéq{er%g%t by

use of thes¢@CKAHT MaPar tdgp%irttii@h oty dnsteadiyt8€rection of
anti-dissolution filmmaybe formed by use of at |east one of film

folléi ng netdadpatdd afunteconpean assostednwaperd dapesichi eArsayhod,

a gas cluster ion beam assisted vapor deposition nmethod, an ion

pl ati ng rethadovanyi bnbeedf.sptetcer i g aretrhtodse anoraghesr pAaspabberi ng

nmet hod, a bias sputtering nethod, an electron cyclotron resonance

( ECR) 30a, and 30b are disposed in the manner that are spread
into fan shapes relative to an axis that passes through
the center of the tip portion 4A on the wafer W side and

15 is parallel to the Y axis.

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

20 recovery tubes 23, 24, 29, and 30,

Next, methods of supplying and recovering the liguid
7 will be described. When the wafer W is moved stepwise
inadirection {(the -X direction) of an arrow 253 indicated
with a solid line in Fig. 3, the liquid supply device 5

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

47 as weli as the tapered surface 4B on the wafer W side

60



10 sputtering nethod, a radio frequency (RF) sputtering nethod, a
thermal chem cal vapor deposition (thermal CVD) nethod, a plasma
enhanced CVD nethod, and a photo CVD nethod. When formng a fluoride
as the anti-dissolution film15 for the optical elenent, the optimnal
optical filmform ng nethod may be the vacuum vapor deposition
met hod, the ion beam assi sted vapor deposition nethod, the gas
cluster ion beam assi sted vapor deposition nmethod or the ion plating
net hod. Hofievke, timardsiigs Ofemagragaumdismehde s(MiR) 20 wakdr w
yttriumfluoride (YFa), it is possible to formsuch a filmby use of
t he sput tEr¥eigghetimaéuppl t hebreantame thehexh § 08 Bimgz ANe AXigle fridan as
the anti-dissolution filmfor the optical elenent, it is possible to
apply al I1i%eld| Faregemnivndemdideods reicoes rabdvne. 135vhire dvemh iwhren s
calcium fluoride having a crystal orientation of (111) plane is used
as a bas@URREtedl Lgom tHee oplavdld elvarshy , detMécents -th ssbkusipemef i | m
to pe fornmed thereon, or |anthanumfluoride (LaF3) in particular,
ach? eves BfSt e R R axt B Rft ot P viHe R Wéisdsi Bed the habelredt spmifage
surface thereof. In this case, the 5 anti-dissolution filmthus
formed becorfEs B3 réety Yehtecarddcbhst FaficesWa Erpsy shie Wafer W
structur ith ve few defects. Furtherpore, in the
proj ect i gcnhv!e&%%%u#%eaﬁsgpgte@’ g%’(?oer d%‘ghgal?cg EnDoth heke 202ehesmeca
filmcon as e film e .of tantal Ta) _is,used _as the
net al anﬁ%&dicés?gl utji-%:l_pl?i%?mc%tsﬁé ;{%%l -lg'l%uslo ufi %in%‘%f‘l %ﬁ’ %Pﬁsf“élg&,r it
i s possily ent ; - L j e of _a

€nt D JUSR A 1B alrfd m&?f@rggyg{if%@ﬁ?iagﬁéﬁzg{egl wBrrfby

| east one of gold (Au), platinum (Pt ver

tungst en Wy spRald BitwdPdhe daMBLYPASRUIMEMD) anbint 3D EFk) caand

chrom um (Cr). Meanwhi | e, the projection exposure apparatus
accor di ng temdmbodi trents thappl i €61 ébewadheshen 1riejyforeing film
constructed as the filmmmade of tantalum (Ta). Instead, it is
"possi bl e to apphytbhbe @ohediaond f eihdotbiengafer W is moved stepwise
in a direction (the +X direction) of an arrow 26A indicated
with a chain line in Fig. 3, the liquid supply device 5
15 supplies the liquid 7 to the space between the tip portion
4A as well as the tapered surface 4B on the wafer W side
of the transmissive optical element 4 and the wafer W
through the supply tube 22 and the exhaust nozzle 22a. The
liqguid recovery device 6 recovers the liquid 7, which is
20 supplied from the liquid supply device 5 to the space
between the tip portion 4A as well as the tapered surface
4B on the wafer W side and the wafer W, through the recovery
tube 24 and the intake nozzles 24a and 24b. 1In this case,
the liquid 7 flows on the wafer W in a direction (the +X

25 direction) of an arrow 26B, whereby the space between the

wafer W and the transmissive optical element 4 is stably
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20fil mconstructed as a fil mnade of chromum (Cr). Mor eover ,
the projection exposure apparatus of this Enbodi nent 1 applies the
protective filmfor the netal anti-dissolution film(a protective
filmfor anti-dissolution filn) constructed as the film nade of
25silicon dioxide (Si02). Instead, it is possible to apply the
protective filmfor the metal anti-dissolution film constructed as a
filmmade_ of %‘# | east one of yttrium oxide (Y203), neodym um fl uoride
(Nd2F3), Throdt uft bRi &8e(drig®d Tant al um pent oxi de (Ta205), ni obi um
pent oxi de ( Nb2Q5) i.t.ani um di %xi de % TiO2 ) , zirconium dioxide
(Zr02) , haf ni Ume8 il éf’g}e(li figoya LgkaW | Lih MR RAnShEaRE §2.42080e |1 n

ot her words,; Jt .i.s possibl.e to select the praotective filmfor _the

net al antxfj}ci&irlsesco lucfrlp'oﬁcsr}el Ilrﬁqul']héﬁeflgr guPplied BBdsFBraVEseSePeen ot he
nost appr. i rQt. iV i he tal,anti-dissolution film
(the pr ottg%ir iY\ellEeﬁﬁglc%leo%' fg%)rgét#i?%én)%lliﬁf SEBPUL TR 13T %ﬁésc'eﬂogﬁdt he
matseri al rs 4SS opt i;cal, el.e enyi_ronnent re
the t ransS(r?rCITeslcglg%\te;se(IE olg??g?§§F§%% (:Egl pl gc({e%%]é%ﬁégﬁglpggyo " Ehe M %lﬁd

i nt er poseddietaeea whensaréaceqof 1hbei neregial, apdet he Rt Qi 664199
optical system and the like. 15 Meanwhile, in the projection

exposur e dappiaratusuefp tihi s HidadigEnd 71 htlbe g |tih<é0@,ug' QX% d8pEShb92)
filmserving as the anti-dissolution filmas well as e protective
filmfor arive tied adxlmamb & £ dhesallet 20m f i ITtkd 9 ifarined dyo wsey Ofietrhe et
filmformng nethod. Instead, it is possible to 20formthe film by
use of a®&drgchbiviems dhei hggmethdd wuthh ass tshepspdd driong thet hoguid
Mor eover, the metal anti-dissolution film (which also functions as

t ¥ adhesVeP reidgBiernd £P| i eanacke bertotesut ithee fiimmbortibe Abt al

anti-dissolutiagn filmare 25formed on the tapered surface of the
transnis?ﬁv@e&ﬂtﬁéthe tapered surface 4B on the wafer W side and

the wafer W, through the recovery tube 29 and the intake
nozzles 29%a and 29b. 1In this case, the liquid 7 flows on
the exposure region in a direction (the -Y direction) of
15 an arrow 31B, whereby the space between the wafer W and
the transmissive optical element 4 is stably filled with

the ligquid 7.
On the other hand, when the wafer W is moved stepwise
in the +Y direction, the liquid supply device 5 supplies
20 the liquid 7 through the supply tube 28 and the exhaust
nozzle 28a. The liquid recovery device 6 recovers the
liquid 7, which is supplied from the liquid supply device
5 to the space between the tip portion 4A on the wafer W
side and the wafer W, through the recovery tube 30 and the
25 intake nozzles 30a and 30b. 1In this case, the liquid 7

flows on the exposure region in the +Y direction, whereby
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el ement of this Enmbodinent 1. However, it is also possible to form
only the nmetal anti-dissolution film (the anti-dissolution filn).
Alternatively, it is also possible to separate the adhesion
reinforcing filmfromthe nmetal anti-dissolution film In other

words, it is 5 possible to formthe adhesion reinforcing film and
the netal anti-dissolution filmseparately, or to formthe adhesion
reinforcing film the netal anti-dissolution film and the protective
filmfor the spetcd bantieai thel whifen Widma sepatabaki skARw bhermre,
in the projection exposure apparatus of this Enbodinent 1, the
transnm ssihementi éall selséradrity 4 1 bratedithosest Itigpiihe nafer Wis made
of calciumfluoride, and the adhesion reinforcing film the netal

anti - di ssol ut i 88rfe/| fn(addi bhon-tdi sbelnb zphebidon figuded i sheply
protective filmfor the netal anti-dissolution film(the protective
filmfor aHd LERFLF sEbeutienifli Pnplane tben¥ddémertid oraperded surt ace
thereof. Jnstead, it . is also possible to formthe transm ssive

opt? cal &Herfenti ARt oddt & cf bSRsPOSE it whp eP AN ausO 2 L e asdeT
silica, and ng}%hen to formthe aforenentioned filnms on the tapered
surface théreoft?9 209 FEGAMRTEY m%’teheléBB\}Q- désériotet ehbédieent
t he space;. e he_ surface of the wafer and the optical el enent
made of giébrg%%\%??%brlfgé: and Forfred on the wafer's 25side of the

Dr 0] 4101 0Pt kgl SxSEU:So kI Lt at Enthgal LWL dAERL, LS
an amount of recovery of the liquid 7 will be described.
10 Fig. 5 1is 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 2la flows in the direction (the -X direction) of
an arrow 25B and is recovered by the intake nozzles 23a
and 23b. In order to maintain a constant amount of the
liquid 7 te £ill the space between the optical element 4
20 and the wafer Weven when the wafer Wis traveling, an amount
of supply Vi (m*/s) and an amount of recovery Vo (m®/s)
of the ligquid 7 are set equal. Morecover, the amount of
supply Vi and the amount of recovery Vo of the liquid 7
are adjusted based on a traveling speed v of the XY stage
25 10 (the wafer W). Specifically, the amount of supply Vi

and the amount cf recovery Vo of the liquid 7 are calculated
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partially between the surface of the wafer and the optical el enent
made of calciumfluoride and fornmed on the wafer's side of the
projection optical system Moreover, although pure water is used as
the liquid 5 7 in the above-described enbodi nent, the liquid is not
limted only to the pure water. It is also possible to use another
material (such as cedar oil) for the liquid 7, which allows

transm ssion of the exposure |ight beam and has a high refractive

i ndex as biuchhasfipbssivbing, fandhulld tenmi ns stable against the
photoresi st with which the projection optical systemand the surface
of the wafrrmipkacbated. (Enmbodi ment 2) A projection exposure
apparatus is confi%yred as 15 simlar to that of Enbodi nent 1 except
that a magnesi Ui V@G iRie” (*pF2) filmis formed at the tip portion 4A
of the optical elenent 4, or in other words, at the portion
contacting t helfr§ui & ARt ehedsPhgMetedy died HntFh @i §5BI BErdA obi | m
by use of,.the vacuum vapor 20deppsjtion nethod. . According to

t heéjpr oj ect P%nt%§po§sﬁ%£gpeda%?8§ %?St%%wﬁrﬂﬁbgilﬁen% -2, Mepgwhile,

si ngl e-1 [ {idi uti.on filmjs formed on the surface of the
opti cal g%lgﬁglg}tt,%%alﬁg%i t%]??‘é’etlﬁ@rgeﬁ?eﬁé;szf%lsé P E)]P%\)&ﬁtStcﬁ%%&ouFF@n of
the 25o0pty I L LS j to reduce the, .
ntertace aercomared T e EhFay P P B EpapErasn pheigar

possi bl e dyos dMiph] ze ral 3P¥eLSE &fdf fok 1ald Ehegkfgftﬁg{eo 13 S@Sg}&%‘e

reaction which is apt to occur when the I7 qui trates Into the
i nterface Oketthappbot eabiMgihayshtsenvingan the anth-diagolytiQn

film Mreover, It Is

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 ligquid 7 stably between the optical
element 4 and the wafer W. For example, the working
distance d of the projection optical system PL may be set

20 approximately equal to 2 mm.

According to the projection exposure apparatus of
this Embodiment 1, it is possible to prevent dissolution
of the optical element because the anti-dissolution film
is formed on the surface of the optical element. Therefore,

25 the optical element is prevented from dissolving in the

liquid filling the space between the tip portion of the

64



S5easier to formthe filmas conpared to formation of the
anti-dissolution filmincluding the nultilayer film In
addition, by formng the single-layered anti-dissolution film such
that the refractive index of the optical elenment beconmes equal to or

| ower than the 10refractive index of the liquid in the case of
soaking the surface of the optical element into the liquid, it is
possible to obtain the sane optical performance as that of the

opti cal elempactinolepfigal ey sdtidnayehef $hivst ¢ Erbodi AN r3)suhFA
proj ection exposure apparatus is configured as simlar to Enbodi nent
1 except ithatlst heotr amsoesseve opti cadp bdeaerithel op tindiif | ed eaerghown
in Fig. 6 and as described below. (i) The magnesium fl uoride (MF2)
filmFl ikredrerblitanfet 26 possgeritd ¢ nAilofatimehéghi thkoekemert 4
on the wafer Wside, or in other words, at the portion where the
exposur e 9% §e BERATHS éPRATuLh, dBeeeYared bfl g hetshagkesiaayer ed

ant%-di ssolution filmby use of the vacuum vapor deposition nethod.
25(?i) THE t%‘?ﬁ%ﬂiﬂ?fﬁi{OPi Prh S8RV ISP ORI T h P RBRERTEA L8i REGRE @

f||n1F4lf%gfgg§dtRQ Eggr% %%T%%é?ggf“ﬁiéﬁknt, and it is thereby

possible to manufacture end products efficiently. In

addition, the optical element does not dissolve in the

liquid and it is thereby possible to maintain an optical

10 performance of the projection optical system. Hence it

is possible to stabilize the quality of the manufactured

end products and to continue exposure in the optimal
condition.

Moreover, according to the projection exposure

15 apparatus of this Embodiment 1, the metal anti-dissolution

film that also functions as the adhesion reinforcing film

is formed on the tapered surface 4B of the transmissive

optical element 4 on the wafer W side of the projection

optical system PL. Therefore, it is possible to attach

20 the metal anti-dissolution film <c¢lesely to the

transmissive optical element 4. Meanwhile, since the

silicon dioxide (S1i0;) film is formed on the surface of

the metal anti-dissolution film, it is possible to prevent

damage on the soft metal anti-dissolution film having low

25 abrasion resistance and thereby to protect the metal

anti-dissolution film. Therefore, it is possible to
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of the transm ssive optical element 4, or in other words, at the
portion where the exposure |ight beam does not pass through by use of
the sputtering nmethod. The adhesion reinforcing filmF4 is used for
i mprovi ng adhesi on between 5the tapered surface 4B of the
transm ssive optical elenent 4andthenetal anti-dissolutionfiln(the
anti-dissolution film F5 to be described later. (iii) Anmetal film
made of gold (Au) is forned in the thickness of 150 nmon the surface
of the adhesvemt ibOfiktnéodonngofdddndch Bssidhe oetale aphhsaiissalwd i on
film(the anti-dissolution film F5 for preventing dissolution in the
liquid 7 dyticeloé¢lehenspdtbering heghad. 7 {nvrhosiek perwdicaxitde
(Si02) filmis formed on the surface of the netal anti-dissolution
film(theswntacedieEoteivwnferWiand)tis msof hetpoot eptilve If islymthedn f or
the metal_anti-dissolution film(the protective filmfor the
anti - di sSotu@iShthrrfPY 6P Pprdbhbainnghe P etal renfonnasobutf ainef i | m
(thg anti-dissoJution film. by use of the sputtering nethod. Here,
t he® met al®* 2b° aht PRdPRESICEH %’sfqef%]ilr he Mt¢0eEsof it L6NPPEFHPYS to
be formed on the.ta ert[ei,g surfgce 4B of t eaflransm' ssive opti cal

u

el ement 4 halesBFEBC iy i REpOPETRRCS @ St §¥81° DI DwARPEpE T
%qo' ection

xposur e Roatat ittt SR E IR0 maRC 5 K nE LRBERC £1 HY%S f brited
on the syiface of ithenadheshon 7 ei nfoLaing fid mthat Jog formed on, the
to replace the transmissive optical element 4 frequently.

10 Therefore, it is possible to maintain high throughput of
the projection exposure apparatus.

Furthermore, the metal anti-dissolution film is
formed on the tapered surface 4B of the transmissive
optical element 4, or in other words, at a portion where

15 the exposure 1light beam IL does not pass through.
Therefore, it 1s possible to continue exposure in the
optimal condition without shielding the exposure light
beam IL by the metal anti-dissolution f£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 1s approximately equal to 1.44, whereby the
ArF excimer laser beam having the wavelength of 193 nm
becomes 1/n times shorter on the wafer W, or in other words,

25 is reduced to 134 nm. In thisway, it is possible to obtain

high resolution. In addition, a depth of £focus 1is
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tapered surface 43 of the transm ssive optical elenent 4 on the wafer
Wside of the projection optical systemPL. Therefore, it is possible
to attach the netal filmclosely to the transm ssive optical el enent
4. Moreover, since 5 the silicon dioxide (Bi02) filmis formed on
the surface of the netal film it is possible to prevent damage on
the soft netal film having | ow abrasion resistance and thereby to
protect the netal film Therefore, it is possible to prevent
infiltraMainiblafdsoralogidn noftihest ransn sshoet 10 4opt ¢ takselaanent
4 by the liquid 7 interposed between the surface of the wafer Wand

t he proj APt Feafheyderhpef Bpdushéneblyetaimmi nhacnrthegdpti cal
per formance of, the projection optical system PL. Mreover, it is
possi bl e T it &i Entlﬁenﬁéfeﬁélaﬁé’n%ié DPCYRE PR®|Eite sl Espor éhels
apparatu§h%§ aus fth% trgqﬁﬂissive ptical elenment 4 does not

di ssol ve 1 A" 7° 1 &FAT PONIS 1R f SRR driyp o PeéR ace

thextransm ssi.ye ical elenent 4 frequently. Therefore, it is

posgible%g% ﬁ%%nfhﬁ% hf%hlfhﬁgﬁ%%bﬁﬁeogxﬁh%n FBfaEt iif expBeareal

apparatu od} . . A projection _exposure_apparatus is

configurg?%%¥§?21 %ﬁﬁp%lé%%B%?E%ﬁP ﬁpgégg%tsyﬁﬁﬁghgéngggu PEGSY de

(MoF2) Fldmoig ol ar WRY aleddie i fy POLLLQR 44 and Lhe i de surface
ion) 43 of t i

portion (the tapered portio e optical 25elenment 4, or in

other words, adMotR@®wWRAF ! itdRSpeeALRAALIJII bhS s Wit ph Bt R f this
anti-dissolution filns. According to the projection exposure

appar at uEndfod henErnbadidiBide # £ htehewand 4 1 € SSOleldt 1% f nlo¥s, 187 € sfher med
on the surface on the substrate's side of the optical elenent and on
t he0 si de isurdlaz e nofz zless ophiical &Fenenttualsl wndnivierdtsed henelyhe X
possi ble to prevent dissolution of the optical elenent. Further, the
anti - di ssdlna¢ohori bivsl dime tlhen¥d dirediel sur f aBecomrdieylsubst tatie' s
side of the optical elenment and on the side surface of the optical

el enent BPSEE b & ifdehti bk rftas¢ abetreeor dilngl yafietr afdi she
possible to formthe anti-dissolution filns at the same tine, and

t her eby t®%i57dd t BECRAPE- GitedvlutT bR f Fhas 1Bjuvd i peviegsthe

Enbodi nent_5)
( wafeg in the +X direction, the -X direction, the +Y

15 direction or the -Y direction.

Meanwhile, since the liquid flows cn the wafer, it
is possible to rinse off a foreign object that may be
attached onto the wafer by using the liquid. Moreover,
since the liquid is adjusted to a given temperature by a

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

25 possible to prevent degradation of alignment accuracy

attributable to thermal expansion of the wafer even when



A projection exposure apparatus is configured as 15simlar to

Enbodi ment 1 except that the transm ssive optical elenent 4 is
nodi fi ed as described below. (i) A silicon dioxide (S102) filmis
formed at the tip portion 4A on the wafer Wside of the transm ssive
optical elenment 4, or in other words, at the portion where the 20
exposure |ight beam passes through, as a first filmby use of the
sputtering nethod which is a dry filmform ng nethod. (i)

Anot her siliéxen gliaoxine ¢EFHRYehickembeswbennedigin@tubhacexphsthe

first filmas a second filmby spin coating 25which is a wet film
f or mi ng reet hodthe(dds9 oFheligpeeed Surdamer dBnoé wieh thansahssiced
optical elenment 4, or in other words, the portion where the exposure
| i ght bedhdoes adldpasstt NEsIgh nstihodli sfied wixtamre ¢2000 gri nd
stone, for exanple, to increase surface roughness and the surface
area thereof. Y Rap&EPrdbingrfarve UB subjettetion taepsanface
treatment_of polishing with the grind stone, a silicon dioxide (Si02)
filtmis 8t B4S R T ahP i SdFEREAGEET dxi der g i} ey dsplavweoani ige
which is star}nee Vc\Ftrefé I rrélflorrri n%sget hod.. Accq_crdi ng to the projection
exposur e HEPFaratiEE B8 i (1S CRTSSdirth SSrorRI SR iPdoh NG BREEE -
(8102) fifﬂggéf%géneq_at. he tip.paortion_on the er Wsid E t he
transm ssive optical e éH%n ?Sﬁmd;$i Otﬁ?ﬁ%ﬂ%ﬁgﬁ Sf%%ﬁykﬁo? &t on
optical systemshalrd sqhoga ede 6! 08stnd ¢ dhe WP Rl ne, fhLst
filmby use of the spu?terlng met 6%. © Q?E%e o¥°thd 1iquid
recovery device without accumulating the liquid on the
10 exposure region immediately below the surface of the
transmissive optical element.

In the above-described embodiment, the
anti-dissolution film applies magnesium fluoride (MgF;)
and silicon dioxide (S10,) . Instead, the

15 anti-dissolution film may apply at least one of lanthanum
fluoride (LaFs3), strontium fluoride (SrF;), yttrium
fluoride (YFs), ruthenium fluoride (RuFs), hafnium
fluoride (HfF4), neodymium fluoride (NdF3), gadolinium
fluoride (GdFs), ytterbium fluoride (YbFs3), dysprosium

20 fluoride (DyFs), aluminum fluoride (AlF;), cryolite
(NasAlFs), chiolite (5NaF-:3AlFs:), aluminum oxide (Al1,03},
silicon dioxide (S1Q;), titanium oxide (TiO;), magnesium
oxide (MgO), hafnium oxide (HfO;), chromium oxide (Cr;0s3),
zirconium oxide (Zr0:), tantalum pentoxide (Ta,0s5), and

25 niobium pentoxide (Nb,0;s) .

Moreover, in the above-described embodiment, the
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16 Meanwhile, the silicon dioxide (Si02) filmis formed on the
surface of the first filmas the second filmby spin coating.
Therefore, it is possible to attach the first filmclosely to the
transm ssive optical elenment made of cal cium fluoride, and thereby
possible to utilize the 20first filmas the adhesion reinforcing

| ayer to attach the transm ssive optical elenent closely to the
second film Moreover, the second filmis fornmed by use of the
wet fil m¥orhi &S Aol Hédoshdddet erdded bynddinhs homp§éneirtideantgr hi gh
filling performance relative to voids. 25Therefore, it is possible to
prevent i3d PrdGBhIL8%4R¢ E8iPokilchistmereor thissabsdiond epemealt

el enent the ljiquid interposed between the surface of the wafer
and t he %&ﬂ%ﬁﬁi%%q%%?i%%FuB sVeaRPBy 9ERF et 9 mghe Heodoi dEnatead.,
consequeqﬁﬁao%tqughgatiQF.of £h§ second filminto the voids_on the
first filmS PR this ey, YHtCT st boR iy && §orBefaPytss ® ahé toperesl

perd or ma the, proj LQn ical system_Moreqver, since bath
of 5[ he f :E)(rhget q%fl I%%ﬁd%ﬁ%gggcgﬁghpidl%moélr e Cfieansﬂ?rbg%?ff‘ oxF L E8fo2)

films, b@%@dEJ&Eﬂ@§i9§$MQE€tﬁgﬁ,f%;&58Téi@%E%?gggnqge%heaggyg%g&ing

met hod and 't he second filmftorned Spin coa I's

strengt hengd r aBGosh diod Rgﬁ:ﬁ%,pgﬁsﬂégl{ slfacei%\t%@gkahwe hoth f B%Q{%he

nore firmy. As a result, it is possible to a separation o

first filspuanesthegsesonddfidmdsomibs §papepi-ssigvReQRbICAL Bhguent
and to avoid dissolution of the transm ssive optical element 1 n the

liquid Isputhieridé wayhod) 415 qlosstbbe dywcI®ERbAI FetbgaRBEl PEARNCE
of the exposure apparatus. In addition, it is not necessary to

repl ace tstraltrensmg sgiekdaght | ealr ad 2ot efuequent (RF) Thesefoeeint s
possi ble to maintain high throughput of the exposure apparatus.

20Mor eov@&ethath tapbredaduehapécafl vhporrdennsssive ophecakletenent ,

which is located closest to the wafer, of the projection optical
system i §FATShed RLLFTR LDV GEANE VS drrLhdBr eRdnpl ©hake | G¥Pease
t he surf%%%h&&yghness and surface area thereof. On the tapered

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 element, it is possible to apply all the
film forming methods cited above.
25 Moreover, when calcium fluoride having a crystal

orientation of (111) plane is used as a base material of
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25surface thus polished, a silicon dioxide (Si02) filmis formed as
an anti-dissolution oxide filmby spin coating. Since the
anti-dissolution oxide filmis formed by use of the wet filmformng
nmet hod characterized by high honbgeneity and a high filling
performance relative to voids, it is possible to prevent infiltration
to and 5 corrosion of the transm ssive optical elenent by the
l'iquid, and thereby to maintain the optical performance of the

proj ect i I dpEPEdICady sgbaMeAs  a Freeubht li-tdijss plostsidh e ftidravobdbe

di ssolution of the transm ssive optical elenment in the liquid. In
this way,T9¥m¢<d o3t e Aol anfhgam & notrhdepehs By mimcpaotithdar,
exposure apparatus. |In addition, it is not necessary to replace the

transni s< l%%??c%#%F@ﬁﬁﬁfcaP‘F@dugﬁﬂ“SFh ThErefePe,s jited 9peEssiiBie to

mai nt ai n hi gh. t hroughput of the expqQsure apparatus. Here, in the
proj ect i of]no%gl(b%%ur e%%%%?%t us %‘Fr?ﬁgs 15 EfboditRért 5CafKe si ltheon

di oxi de (S LS 4f t, the ti tion 4A on the wafer W
i db of (e TranertrsetBE Ed e Eannfe B <o Nhe SrRaenAdasnge 1 ne

portion vg}pdecgﬁgtggg%tg Ieaml %g?ktgﬁr{‘n%ﬁsﬁﬁ%%%g% s the first

filmby use of the dry fi m ng nmethod: reover, e'®5% &P con
di oxi de (Rft&ilmis fornmed on the surface of the first filmas the
second filmby use of the wet filmformng nethod. Instead, it is

possible to formrthe rsid#econidi oKt dgrbSe@hohl IdRASINE apparatus
anti-dissolution oxide filmat the tip portion 4A on the wafer's side

of the 2Eoansiisgive DpbddaherbeDpnthd eyt user Df mobysthacwely Ll m
formng nethod. In this case, the tip portion 4A of the transm ssive

optf cal dlhaeftln immdabpdcteahtalthe (Qu)f ace tyseat neBt e thetext ent
not to degrade the optical performance of the projection optical
system PEAT titesoibtéanandd lathebilon beniéeditsise ltutainsm ssi Le) .
optical Instead, it is possible to use a metal film constructed
as a film made of at least one of gold (Au), platinum (Pt),
silver (Ag), nickel (Ni), tungsten (W), palladium (Pd),
15 molybdenum (Mo), titanium (Ti), and chromium (Cr).
Meanwhile, the projection exposure apparatus
according to Embodiment 1 applies the adhesion reinforcing
film constructed as the film made of tantalum (Ta).
Instead, it is possible to apply the adhesion reinforcing
20 film constructed as a film made of chromium (Cr).
Moreover, the projection exposure apparatus of this
Embodiment 1 applies the protective film for the metal
anti~dissolution film (a protective film for
anti-dissolution film) constructed as the film made of

25 silicon dioxide (Si0;). 1Instead, it is possible to apply

the protective film for the metal anti-dissolution film



5 element 4 and the anti-dissolution oxide film Specifically, the
surface of the tip portion 4A is polished with a #2000 gri nd stone,
for exanple, so as to increase the surface roughness and the surface
area of the tip portion 4A. 10Moreover, in the projection exposure
apparatus of this Enbodinment 5, the silicon dioxide (Si02) filmis
formed on the tapered surface 4B of the transm ssive optical el enent

4, or in other words, the rtion where the exposure |ight beam does
not pass %‘?ﬁ‘aéaﬁ,‘:t&g PR f%glnhﬂﬁg-ed?gsaoq hteia(?ﬁ BRPdRE MYt 1 Wy o of

| th tafil f 1. hod .. i IS . i bl to f th
o1 con al Bqde TepBsiutth FELI%ae IRMEKTY, Chosi RS SHpe: bl ettace.
4B b d i i th dth f, il
diox) de- (S0 T herst RS duRORT | ik P et 288arPaCE of MRS ot
filmby usetofihheawekifEI M fonni 991:%‘8%{1‘?1% dggg%g! L?%‘%%)G% pafnium

A projection exposure apparatus 'is configured as si

Enbedi mendidx exeentappl,yidwa t Danthansm Ssk¥&e 25085 bsal ebgment, 4
descri bed bel ow. Specifically,Fig.7 is a view showng a

confi gur atd pds pf i@nieppbealitalermnts dised: | vhEPedt 880 v& £of ot He
present invention. Here, an optical elenent J. includes an optical
substrat etHO1 mmich A nadti+ayesofukmoh00£iThe optincade satbstrate Q1 is
made of cal cium fluoride.
possible to select the most appropriate protective film
for the metal anti-dissolution film {the protective film

10 for the anti-dissolution film) based on the material of
the transmissive optical element, the environment where
the transmissive optical element is placed, the type of
the liquid interposed between the surface of the material
and the projection optical system, and the like.

15 Meanwhile, in the projection exposure apparatus of
this Embodiﬁent]d the silicon dioxide (Si0;) film serving
as the anti-dissolution 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-dissoclution film (which
also functions as the adhesion reinforcing film) and the
protective film for the metal anti-dissolution film are

25 formed on the tapered surface of the transmissive optical

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



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

i ncl udi ng | anthanum fluoride (hereinafter expressed as LaF2) as a
first layer 102, nmagnesium fluoride (hereinafter expressed as MyF2)

as a second | ayer 103, al um num oxide (hereinafter expressed as

Al 202) as a third 10 l|ayer 104, and a silicon oxide (hereinafter
expressed as Si02) as a fourth |ayer 105 lam nated in this order from
the optical substrate 101 side. An imrersion liquid 108 is water and
a subst raﬁcé FOER s BHY comP@odteler Wi tantal pibsepéuitson 1583khubi(lthey of
the fourth layer (Si02) 105 or the third layer (Al 202) 104 in water

i ndi cat esarf%"ilbﬁéf’lpltﬁﬂotn off idMeasur i At rasatdvedty equdl tis 1a0%010-7
granms per hun%}f gra of water. Therefore, the fourth | ayer (Si02)
105 and PcOrFeS Td ?a%Pa(rmtfoéi)hel@Aiheﬁsel%b%%JaThE%Cf-ﬁat fade from

20i nsol u Accor di th il ms_. nade of these substances
have a pPéo ec e|1§/ae f%IﬁE |§r‘1| gﬁg%n%to fjei In Otlll%Fewofﬂé'vé(?u&ﬁl

b T ST A AR LT ST

to this mrithod anti-dissolution film separately, or to form the
adhesion reinforcing film, the metal anti-dissolution
film, and the protective film for the metal
anti-dissolution film separately.

10 Furthermore, in the projection exposure apparatus
of this Embodiment 1, the transmissive optical element 4
located closest to the wafer W is made of calcium fluoride,
and the adhesion reinforcing film, the metal
anti-dissolution film (the anti-dissolution film), and

15 the protective film for the metal anti-dissolution film
(the protective film for the anti-dissolution film) are
formed on the tapered surface thereof. Instead, it isalso
possible to form the transmissive optical element 4
located closest to the wafer W by use of fused silica, and

20 then to form the aforementioned films on the tapered
surface thereof.

Meanwhile, in the above-described embodiment, the
space between the surface of the wafer and the optical
element made of calcium fluoride and formed on the wafer’s

25 side of the brojection optical system is filled with the

liquid. Instead, it is possible to interpose the liquid



251t is possible to apply various sputtering nethods, ion beam

assi sted nmethods, and ion plating nethods that can produce dense
structures. Refractive indices and optical filmthicknesses
based on a desi gned dom nant wavel ength of the first |ayer (LaF3)102,
the second layer (MgF2) 103, the third 5layer (Al 203) 104, and the
fourth layer (SiO2) 105 are shomn in Table 1. (Table 1) Substance

Refractlve | hde tical fi
tlaflquetween the surface of the wafer and the optical

element made of calcium fluoride and formed on the wafer’s
side of the projection optical system.

Moreover, although pure water is used as the liquid

5 7 in the above-described embodiment, the liquid is not
limited only to the pure water. It is also possible to
use another material (such as cedar oil) for the liquid
7, which allows transmission of the exposure light beam
and has a high refractive index as much as possible, and

10 remains stable against the photoresist with which the
projection optical system and the surface of the wafer are
coated.

(Embodiment 2)

A projection exposure apparatus is configured as

15 similar to that of Embodiment 1 except that a magnesium
fluoride (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-dissolution film by use of the wvacuum vapor

20 deposition method.

According to the projection exposure apparatus of
this Embodiment 2, the single-layered anti~dissolution
film is formed on the surface 0of 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,



t hi ckness Imersion liquid water 1.44 - Fourth |layer 5i02 1.55

0.122..

10

16

20

25

Third [ayer Al 203 1.85 0.54)

it is possible to minimize an adverse effect attributable
to achemical reaction which is apt to occur when the liquid
infiltrates into the interface of the protective layer
serving as the anti-dissolution film. Moreover, it is
easier to form the film as compared to formation of the
anti-dissoclution film including the multilayer film.

In addition, by forming the single-layered
anti-dissolution film such that the refractive index of
the optical element becomes equal to or lower than the
refractive index of the liquid in the case of soaking the
surface of the optical element into the liquid, it is
possible to obtain the same optical performance as that
of the optical element including the multilayer film.
(Embodiment 3)

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
tip portion 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.

(ii) The tantalum (Ta) film serving as the adhesion

reinforcing f£film F4 is formed on the tapered surface 4B



Second | ayer MgF2 1.43 0.66k First layer LaF3 1.69 0.607 Opti cal
substrate calciumfluoride 1.50 -

10

15

20

of the transmissive optical element 4, or in other words,
at the portion where the exposure light beam does not pass
through by use of the sputtering method. The adhesion
reinforcing film F4 is used for improving adhesion between
the tapered surface 4B of the transmissive optical element
4 and the metal anti-dissolution film (the
anti-dissolution film) F5 to be described later.
(i1i) A metal film made of gold (Au) is formed in the
thickness of 150 nm on the surface of the adhesion
reinforcing f£ilm F4 as the metal anti-dissolution film
(the anti-dissolution film) F5 for preventing dissolution
in the liquid 7 by use of the sputtering method.
(iv) A silicon dioxide (S1i0;) film is formed on the surface
of the metal anti-dissolution film (the anti-dissolution
film) F5 as the protective film F6 for the metal
anti-dissoluticn film (the protective film for the
anti-dissolution film) for protecting the metal
anti-dissolution fiim (the anti-dissolution film) by use
of the sputtering method. Here, the metal
anti-dissolution film (the anti-dissolution film) F5 to
be formed on the tapered surface 4B of the transmissive
optical element 4 has solubility in pure water equal to
or below 2 ppt and packing density equal to or above 95%.
According to the projection exposure apparatus of
this Embodiment 3, the metal f£film is formed on the surface

of the adhesicn reinforcing f£ilm that is formed on the



As shown in Table 1, it is apparent that the refractive indices of
the first layer 102 and the third 10 | ayer 104 bei ng odd- nunbered

| ayers are higher than the refractive indices of the calciumfluoride
substrate 101, the second layer 103, and the fourth layer 105 which
are adjacent thereto. By formng the nmultilayer film 100 in the order
shown in Table 1 on the optical substrate 101, 15the nultilayer film
100 has an anti-reflection _function as a whol e. Fig. 8is a

graph shovigradrerafr6R HBt AEchif et ¥ 2R 6 TSy VAN @PAd caddi te Lanmiret i
terms of the qgtiggl el ement used in Enbodi ment 6 of the present

i nventi ot Fert of ¥ Het SRt it PP aoBiam onfiaek ehavieny Blhe 5
wavel ength of 193 n excinmer ,laser is_applied hereto. As it is
i A B GRS s v,
an po i i . ve i_nci g ,

equal toéﬁ iﬁﬁd@fﬁggﬁégégyﬁm%ﬁﬁﬂiﬁae§f%m%ﬂ I@'e%ggr%aﬁggétélfge
degg ees : X} Jal v to. | ow_0. 5% ev en _t he
exi% angﬁgu%%gggggﬁgla?§£§ggqggﬁgég.P*gérg$or8?m eogpgggafugﬁéﬁﬁht
exhi bi ts xesld fBk ahakag, ei .o L AL b o Usall S SOOHILn dFAdicTRN!

7) 15A projection exposure apparatus iIs confi'gured as si ar to
Enbodi mendo flc exaent rappl yagngeow 2318/ Ssh Y@ QR £k e &Rk 4y

descri bed bel ow. Fig. 9 is a view showi ng a configuration of
the opti dal pedcemmnt tlhofméthel pfebent TH¥eBELeR., Hereés bB8sible to
prevent infiltration to and corrosion of the transmissive
10 optical element 4 by the liquid 7 interposed between the
surface of the wafer W and the projection optical system
PL, and thereby to maintain the optical performance of the
projection optical system PL. Moreover, it is possible
to maintain the performance of the projection exposure
15 apparatus because the transmissive optical element 4 does
not dissolve in the liguid 7. In addition, it is not
necessary to replace the transmissive optical element 4
frequently. Therefore, it is possible to maintain high
throughput of the projection exposure apparatus.
20 (Embodiment 4)
A projection exposure apparatus is configured as
similar to Embodiment 1 except that magnesium fluoride
(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 portions contacting

the ligquid 7 as the anti-dissolution films.



20 optical elenent 1 includes the optical substrate 101 and the

mul tilayer film 100. The nmultilayer film 100 has a three-|ayered
structure including | anthanum fluoride (hereinafter expressed as
LaF3) as the first layer 102, magnesium fluoride (hereinafter
expressed as MyF2) as the 25second | ayer 103, and al um num oxi de
(hereinafter expressed as Al 203) as the third layer 104 lam nated in
this order on the optical substrate 101. The immersion liquid 108 is
wat er and the $¥EITdiRY 107 tHesplricderT ot exkm $ hr thepplaataanesist .
Refractive indices and optical filmthicknesses 5based on the

desi gned Hoh? iameodaverénde htxeornt hedf ssofl utdyey f(illars)atG2 f driveed
second | ayer FN@FZ 103, and _the third |layer (Al 203) 104 are shown in
Tabl e 2. %%hB 8 MG Hst ARcEPRerT Rt Vet fhBegide of the optical

element and on the side surface of the optical element,
b and it is thereby possible to prevent dissolution of the

optical element. Further, the anti-dissolution films are

formed on the surface on the substrate’s side of the

optical element and on the side surface of the optical

element by use of an identical material. Accordingly, it
10 is possible to form the anti-dissolution films at the same

time, and thereby to form the anti-dissolution films by

a simple process.

(Embodiment B5)

A projection exposure apparatus is configured as

15 similar to Embodiment 1 except that the transmissive

optical element 4 is modified as described below.

(i) A silicon dioxide (Si0;) 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 (Si0O;) 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.

{1ii1) The tapered surface 4B of the transmissive optical

-3
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Optical filmthickness :mersion liquid water 1.44 - Third | ayer
Al 203 1.85 0.54X Second | ayer MgF2 1.43

10

15

20

25

element 4, or in other words, the portion where the
exposure light beam does not pass through is polished with
a #2000 grind stone, for example, to increase surface
roughness and the surface area thereof. On the tapered
surface 4B subjected to the surface treatment of polishing
with the grind stone, a silicon dioxide (Si0;) film is
formed as an anti-dissolution oxide film by spin coating
which is the wet film forming method.

According to the projection exposure apparatus of
this Embodiment 5, the silicon dioxide (SiQ,) 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.
Meanwhile, the silicon dioxide (5i0;) film is formed on
the surface of the first film as the second film by spin
coating. Therefore, it is possible to attach the first
film closely to the transmissive optical element made of
calcium fluoride, and thereby possible to utilize the
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.
Therefore, it is possible to prevent infiltration to and

corrosion of the transmissive optical element by the
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rst layer LaF3 1.69 0.60X Optical substrate cal ciumfluoride

As shown in Table 2, it is apparent that the 10 refractive
LaF3 of the first layer 102 is higher than the refractive
of the optical substrate 101 and MgF2 of the second | ayer
e adjacent thereto. By arranging the refractive indices as
d above, the nmultilayer film 100 has the anti-reflection
liquid interposed between the surface of the wafer and the
projection optical system by eliminating the voids as a
consequence of penetration of the second film into the
voids on the first film. In this way, it is possible to
maintain the optical performance of the projection optical
system. Moreover, since both of the first film and the
second film are the silicon dioxide (Si0,) films, bonding
power between the first film formed by the sputtering
method and the second film formed by spin coating is
strengthened, and it is thereby possible to attach the both
films more firmly. As a result, it is possible to avoid
separation of the first film and the second film from the
transmissive optical element and to avoid dissolution of
the transmissive optical element in the liquid. In this
way, it is possible to maintain the performance of the
exposure apparatus. 1In addition, it is not necessary to
replace the transmissive optical element frequently.
Therefore, it is possible to maintain high throughput of
the exposure apparatus.

Moreover, the tapered surface of the transmissive
optical element, which is located closest to the wafer,
of the projection optical system is polished with a #2000
grind stone, for example, to increase the surface
roughness and surface area thereof. On the tapered

surface thus polished, a silicon dioxide (8iQ,) film is

formed as an anti-dissolution oxide £ilm by spin coating.
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15as a whol e. Fig. 10 is a graph showing a rel ati on between
reflectivity and an exit angle in terns of the optical elenment used
in Enbodi ment 7 of the present invention in terns of the wavel ength
of 193 nm The ArF (having the wavel ength of 193nm exciner |aser is
applied hereto. As it is apparent fromFig. 10, the nean refl ectance
Ra 5 between the S polarization Rs and the P polarization Rp
relative éo the_incident |ight 20 is approximately equal to or bel ow
0. 3% even  WhER the %&Ff_ﬁﬁang@tﬂ§neaéépft514®-aégf@éged{by use of
approxi mat.ely qualft or _bel ow 0.8% even when the exit angle 0 is
es

equal to 50°dedfeest® Ther EPHPENI10PRENGHL | ERRTBICEREHIZ &k hikhi t igh

excel | ent ristic,and is, usable enough Enbodi nent 8)
A project?%ﬂgéggégﬁﬁéEﬁﬁ%é%g?hghiglggﬁpﬂgéFgaf ¥PRE| aplesive to

Embodi neng,, {excent 9gp';>}§:s'§,_£’16112eei ggagsnnéée%%%ei%%‘griﬁaércgt{ﬁqe%ﬁﬁfg? ,tagfg of

descri bed bel ow. a“Vview shown

t hesopt i C@ér?b@ﬂ‘@ﬁt olf Of:hEhQZH@é@féstger%d@incafb%q.’eﬂ Q}ec 0]9%' ¢ le
1 i layer film

el enent 1 includes the optical substrate 1 and the mu

100. The mubidiayendf thewk®d has na i ndd tWo-) aySs edosir Yt ¥re
i ncl udi ng | ant hanum f | uori de (herefhaff%r exprﬁ%seﬁ asHLaFg)mggcfhe

first layef tB2 andmgneshusbitliveni de,{henei nakt ar axpressedras g

MyF2) as the second | ayer 103, which are sequentially |am nated on

the opti qadssibieriat evkild dilesdImersh @F kheut dadefiiss iwat ep+2%2and

t he substrate 107 is silicon coated with the

element in the liquid. 1In this way, it is possible to

10 maintain the performance of the exposure apparatus. In

addition, it is not necessary to replace the transmissive

optical element frequently. Therefore, it is possible to
maintain high throughput of the exposure apparatus.

Here, in the projection exposure apparatus of this

15 Embodiment 5, the silicon dioxide (Si0;) film is formed

at the tipportion 4A 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

20 silicon dioxide (Si0;) film is formed on the surface of

the first film as the second film by use of the wet film

forming method. Instead, it 1s possible to form the

silicon dioxide (Si0;) film as the anti-dissolution oxide

film at the tip portion 4A on the wafer’s side of the

25 transmissive optical element 4 by use of only the wet film

forming method. In this case, the tip portion 4A of the
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photoresist. Refractive indices and optical filmthicknesses based
on the designed dom nant wavel ength X of the first |ayer (LaF3)102
and the second | ayer (MgF2) 103 are shown in Table 3. 5(Table 3)
Subst ance Refractive index Optical filmthickness Inmersion |iquid
wat er :
transmissive optical element 4 is subjected to the surface
treatment to the extent not to degrade the optical
performance of the projection optical system PL in order
to enhance adhesion between the transmissive optical

) element 4 and the anti-dissolution oxide film.
Specifically,thesurfaceofthetippmrtion4Aiszxﬂished
with a #2000 grind stone, for example, so as to increase
the surface roughness and the surface area of the tip
portion 4A.

10 Moreover, in the projection exposure apparatus of
this Embodiment 5, the silicon dioxide (Si0,) 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 (Si0;) film as the first film on the tapered surface
4B by use of the dry film forming method and then to form
the silicon dioxide (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 is configured as
similar to Embodiment 1 except applying the transmissive

25 optical element 4 described below.

Specifically, Fig. 7 1s a view showing a
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1.44 - Second layer MgF2 1.43 0.60X First |ayer LaF3 1.69 055k

, Optica

10

15

20

25

substrate cal cium fluoride

configuration of an optical element used in Embodiment 6
of the present invention. Here, an optical element 1
includes an optical substrate 101 and a multilayer film
100. Theqpticalsubstrate101ismadeofcalciumfluoride.
Meanwhile, the multilayer film 100 has a four-layered
structure including lanthanum fluoride (hereinafter
expressed as LaF3) as a first layer 102, magnesium fluoride
(hereinafter expressed as MgF,) as a second layer 103,
aluminum oxide (hereinafter expressed as A1,03) as a third
layer 104, and a silicon oxide (hereinafter expressed as
5i0z) as a fourth layer 105 laminated in this order from
the optical substrate 101 side. An immersion liquid 108
is water and a substrate 107 is silicon coated with a
photoresist.

Solubility of the fourth layer (Si0,) 105 or the third
layer (Al,03) 104 in water indicates the lower limit of
ameasuringinstrumentequaltol.Ox]ﬂ‘7gramsperhundred
grams of water. Therefore, the fourth layer (8i0,) 105
and the third layer (Al,0s3) 104 are substances that are
insoluble in water. Accordingly, the films made of these
sﬁbstances 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.
It is possible to apply various sputtering methods, ion

beam assisted methods, and ion plating methods that can
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1.50 - As shown in Table 3, it is apparent that the
refractive index of the first |ayer 102 is higher than the refractive
i ndi ces of the optical substrate 101 and MgF2 of the second | ayer 103
whi ch 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 whol e. Fig. 12 is a graph showing a relation
between reflectivity and an exit angle in terns of the optical 15

el enent UsE ?ﬁeEﬁﬁﬁﬁlen@rﬁr%Wr?ﬁe present invention in terms of the
wavel engt h of £9 rx% The, ArF (havin the wavel enq‘th of 193 mm)

exci mer | aser S &5 56 hef &eSAsaP PGt edt FfYoHlFFﬁnefzeSt he
mean refl.ectance Ra bet.ween oI arl zation Rs and the

pol ari zatiBi* Ro°PePafivrd 419 h‘g OfHe HEnf"’""I"egli‘?tm}éﬁ1 i% %f)pFBﬁl ﬁﬁﬁ-’élty
equal to oy del @Wa@sﬁf/ﬁﬁ‘he@hbh%e%né%/aie M F q“P$3t°t§'§ngﬁgr

or appr oxi mate y equal t0 or below the exit

equal to 150;&eqraes.) Tlr@4efa91raethgh§0199£hclaal FERY, ) B 51 ugh.
Si nce the second Iafler (l\/gF ) 103 has sone yé;!]l Sbl I |2t) O sdaﬁbé EPSE&% X
10-4 granm pEibhgndred grans of water according to Ilterature dat a)
and therefore dissolves in water when 10 used over a |long period of

time. Howewssle Enpodi nent 8 of the present invention applies water
(the refraett Hdex=—4-44)and-therefore has an advantage of

rel ati vei ;Hslrrélbl I {/I;F;\at Sabsitantdke| optifeak tperd of mangs: @ven phen the
second llayer (MgF2) 10B is el uted,
index thickness
Immersion water 1.44 -
liguid
Fourth layer Si0, 1.55 0.12A
Third layer Al,0;3 1.85 0.54%
Second layer MgF, 1.43 0.66A
First layer LaFs 1.69 0.60A
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<:alcium 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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15Fig. 13 is a graph showing a relation between reflectivity and an
exit angle O of the optical elenent relative to the ArF (having the
wavel ength of 193 nm exciner |aser 10 when the filmthickness of the
second | ayer (MgF2) 103 is reduced by half (0.3X). As it is 20
apparent fromFig. 13, the nean refl ectance Re between the S

pol ari zation Rs and the P polarization Rp relative to the incident

| ight 20 changes very little. Therefore, the optical elenent is

usabl e enough. FAccor &i ngby,2ai t9hapipossidiiend o auseetllad iopt | batt waleanent
appr oxi rrateIY for 10 25years by formng the MgF2 film 103 in the

t hi cknesstoflapbulvi4y mnd an exit appilough s 1d4fi shdesprtiibed by
using the two-|layered nultilayer film 100 including the first |ayer
(LaF3) 102 &RE"thesedcoRdETageinentFs) ofoshe Presealts dnyeadiisire i
use a four-|ayer si;[hucture wl%%lla er film5fornmed by alternately

| ani nat i nfgeflﬂ Py &9 (AT ERE 262 Lad The detdiit | AhevipmyEde

R AT PO NEREEEN CETE M fr ik e

ransm ssive: J0gpEL sok Ll descrbag DO pnco poFlgeddd s °

Ml 1] ayer POPMI00 ot he ol & (T Uor de cuser rabe TRt 1 s £

mul tilayeincident light 20 is approximately equal to or below 0.3%
even when the exit angle 8 is equal to 40 degrees or

10 approximately equal to or below 0.5% even when the exit
angle © is equal to 50 degrees. Therefore, the optical
element exhibits excellent characteristic and is usable
enough.

(Embodiment 7)

15 A projection exposure apparatus is configured as
similar to Embodiment 1 except applying the transmissive
optical element 4 described below.

Fig. 9 is a view showing a configuration of the
optical element 1 of the present invention. Here, the

20 optical element 1 includes the optical substrate 101 and
the multilayer f£ilm 100. The multilayer film 100 has a
three-layered structure including lanthanum £fluoride
(hereinafter expressed as LaFs) as the first layer 102,
magnesium fluoride (hereinafter expressed as MgF;) as the

25 second layer 103, and aluminum oxide (hereinafter

expressed as BAl;03) as the third layer 104 laminated in
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15 film 100 has a two-|ayered structure includingMF2 as the first

| ayer 102 and Si 02 as the second | ayer 103, which are sequentially

| am nated on the optical substrate 101. The inmmersion liquid 108 is
wat er and the substrate 107 is silicon coated with the photoresist.
20Here, refractive indices of the first |ayer (MyF2) 102 and the
second |l ayer (5i02) 103, and optical filmthicknesses as well as film

t hi ckness f anges %E t he respectjvella%ers 102 and 103 based on the
desi gned A8 nSAF Skadel IPRELT R SHBRACEEESWL O L(TaBihe 4ymegimiimnce

Refracti Vfi!:_fﬂg'axl @tiiscalatfeirl gnn:[:ihciﬁ:é(g% Sstﬁ:ia{trg 107 is silicon coated
with the photoresist.

Refractive indices and optical film thicknesses

5 based on the designed dominant wavelength A of the first

layer (LaF3) 102, 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 -
liquid
Third layer Al,05 1.85 0.54A
Second layer MgF, 1.43 0.66A
First layer LaF; 1.69 0.60A
Optical calcium 1.50 -
substrate fluoride

As shown in Table 2, it is apparent that the
10 refractive index of LaFi; 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 multilayer film 100 has the anti-reflection function
15 as a whole.
Fig. 10 is a graph showing a relation between

reflectivity and an exit angle in terms of the optical
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t hi ckness range Inmmersion liquid water 1.44 Second | ayer Si02 1.55
2.50X 1.50- 4.00X

element used in Embodiment 7 of the present invention in
terms of the wavelength of 193 nm. The ArF (having the
wavelength of 193 nm) excimer laser is applied hereto. As
it is apparent from Fig. 10, the mean reflectance Ra
i) between the S polarization Rs and the P polarization Rp
relative to the incident light 20 is approximately equal
to or below 0.3% evén when the exit angle 8 is equal to
40 degrees or approximately equal to or below 0.8% even
when the exit angle 8 is equal to 50 degrees. Therefore,
10 the optical element exhibits excellent characteristic and
is usable enough.
{Embodiment 8)

A projection exposure apparatus is configured as

similar to Embodiment 1 except applying the transmissive
15 optical element 4 described below.

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

20 two-layered structure including lanthanum fluoride
(hereinafter expressed as LaFi) as the first layer 102 and
magnesium fluoride (hereinafter expressed as MgF;} as the
second layer 103, which are sequentially laminated on the
optical substrate 101. The immersion liquid 108 is water

25 and the substrate 107 is silicon coated with the

photoresist.
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First layer MgF2 1.43 0.10X 0.03- 0.10X Optical substrate cal cium
fluoride 1.50

Refractive indices and optical film thicknesses
based on the designed dominant wavelength A of the first
layer (LaF3)102 and the second layer (MgF,) 103 are shown

in Table 3.

5 (Table 3)
Substance Refractive Optical film
index thickness
Immersion water 1.44 -
liquid
Second layer MgF, 1.43 0.60A
First layer LaF; 1.69 0.55A
Optical calcium 1.50 -
substrate fluoride

As shown in Table 3, 1t 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 1is a graph showing a relation between
reflectivity and an exit angle in terms of the optical
15 element used in Embodiment 8 of the present invention in
terms of the wavelength of 193 nm. The ArF (having the
wavelength of 193 nm) excimer laser is applied hereto. As

it is apparent from Fig. 12, the mean reflectance Ra



Here, the vacuum vapor deposition nethod is used as the filmform ng
method. It is to be noted, however, that the filmformng nethod is
not limted only to this nmethod. 5 It is possible to apply various
sputtering methods, ion beam assi sted nethods, and ion plating

met hods that can produce dense structures. Fig. 15 is a graph
showing a relation between reflectivity and an exit angle in terns of
the optical 10 elenment 1 of this Enbodinent 9 relative to the ArF
(havi ng thetwaeel ehgt 1§ gfo 11031 ran) i exCRseanbasBe. PASOIL His ADRAE
fromFig. 15 the nmean refl ectance between the S polarization and the
P pol ari ze¢iahivel &bi vbet Ontheenicildemit Rioght 20pre xdpertaxi yaiglal
equal to or below 0.6% 15even when the exit angle 0 is equal to 40
degrees oFC Odpbeéeinat 8Rywhejuihet oxbt dred bevolds evmre Wrend ¢ ke godds
angle is equal to 60 degrees. Therefore, the optical element exhibits
excel | entOEHAPREPELTS S kU sl dsaite bedoy RS AV eshadren rEhrats=ei 4,

it L.s apparent that the 5 refractive index of the first |ayer (MF2)
102|5i s | o%?%hén%%@qﬁé‘flrgﬁ igpe T 223 - of TRPBCHPTPe alt heuwttrigrasl 101

and the second lLayer (3i.0 103 ich are adjacent thereto. By
ar r angi ngef%élglrlgf %ieic’ctui éﬂrz%d?%%gg $ described above, the nultil ayer

o)™ 100 has tha AN infeLLEGH N {URChISF, 983 fu tNfs SLTIRITER
in water (2 x 107* grams per hundred grams of water according
to literature data) and therefore dissolves in water when

10 used over a long period of time. However, Embodiment 8
of the present invention applies water (the refractive
index= 1.44) and therefore has an advantage of relatively
small variation in the optical performance even when the
second layer (MgF.) 103 is eluted.

15 Fig. 13 1is a graph showing a relation between
reflectivity and an exit angle 6 of the optical element
relative to the ArF (having the wavelength of 193 nm)
excimer laser 10 when the film thickness of the second
layer (MgF;) 103 is reduced by half (0.3\X). As it is

20 apparent from Fig. 13, the mean reflectance Ra between the
S polarization Rs and the P polarization Rp relative to
the incident light 20 changes very little. Therefore, the
optical element is usable enough. Accordingly, it is
possible to use the optical element approximately for 10

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

40 nm.
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A projection exposure apparatus is configured as simlar to

Enbodi ment 1 except applying the transm ssive optical elenent 4
descri bed below 15Fig. 16 is a view showi ng a configuration of the
optical element 1 of the present invention. This optical elenent 1 is
formed by lamnating the nmultilayer film 100 on the cal cium fluoride
substrate 101. This multilayer film 100 includes MyF2 as the first

| ayer 102 and Si.02 as 20 the second | ayer 103. Mreover, this second
| ayer 103 i ncl dde 4@t sepafat e Lilaydrss. Bpreribedl | Yy auvsdpar attehe
first layer 1£3a formed_by use of the dry filmform ng nethod and a
separ at e 5529 ayleé”?éirmui@él%afyﬁr%&lﬁylQgel%?:ltlﬁén\ge’@h*ﬁlﬁm?r‘@rhﬁyrﬂgr

nmet hod ar que 5 al | m nat ed. 25The i rS|on liquid 108 is
wat er andﬁf%e sug ?rﬁP T0F i $°SPIAc o Yedat B k)t ht Qhe pRofsr &sisq .

For med by CRE TS ?ng't E‘E% %? b el e i Tr e laﬂlieé?y%in&';&”%zd
A g] L r@&rl{?é{dt esses as ﬁﬂj[%rpfn§?9ﬁ attﬁl S%(i q: i gﬁ ?Hgn

optical filmb5t Cckness

respecti vepd aygastjliQZ S%r},q,rgtpj Lh lma@d on khe desi gned dom nant
wavel ength X are shown bel ow. 9)(Tabl e 5)2 gubstance ‘
(Embodiment 9)
A projection exposure apparatus is configured as
similar to Embodiment 1 except applying thé 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 f£film 100
on the calcium fluoride substrate 101. This multilayer
15 film 100 has a two-layered structure including MgF, as the
first layer 102 and SiO; as the second layer 103, which
are sequentially laminated on the optical substrate 101.
The immersion liguid 108 is water and the substrate 107
is silicon coated with the photoresist.
20 Here, refractive indices of the first layer (MgF:)
102 and the second layer (Si0O;) 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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Refractive index Optical

I mrersion liquid water 1.44
{(Table 4)
Substance | Refractive Optical Film
index film thickness
thickness range
Immersion waterx 1.44
liguid
Second Si0; 1.55 2.50X 1.50 ~
layer 4,00A
First MgF, 1.43 0.10% 0.03 ~
layer 0.10A
Optical calcium 1.50
substrate | fluoride
Here, the vacuum vapor deposition method is used as

10

15

filmthickness Filmthickness range

the film forming method.

It is to be noted, however, that

the film forming method is not limited only to this method.
It is possible to apply various sputtering methods, ion
beam assisted methods, and ion plating methods that can
produce dense structures.

Fig. 15 1is a graph showing a relation between
reflectivity and an exit angle in terms of the optical
element 1 of this Embodiment 9 relative to the ArF (having
the wavelength of 193 nm} excimer laser.

As it is apparent

from Fig. 15, the mean reflectance between the 8§

prolarization and the P polarization relative to the
incident light 20 is approximately egqual to or below 0.6%

even when the exit angle © is equal to 40 degrees or
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Second | ayer (separate second layer) Si02 filmfornmed by wet nethod
1.55 0.4021. 0.407 (constant) Second | ayer (separate first |ayer)
5102 filmformed by dry

approximately equal to or below 1% even when the exit angle
© 1s equal to 60 degrees. Therefore, the optical element
exhibits excellent characteristic and is usable enough.

As shown in Table 4, it is apparent that the

5 refractive index of the first layer (MgF,) 102 is lower
than the refractive indices of the optical substrate 101
and the second layer (5i0;) 103 which are adjacent thereto.
By arranging the refractive indices as described above,
the multilayer film 100 has the anti~reflection function

10 as a whole.

(Embodiment 10)

A projection exposure apparatus is configured as
similar to Embodiment 1 except applying the transmissive
optical element 4 described below.

15 Fig. 16 is a view showing a configuration of the
optical element 1 of the present invention. This optical
element 1 is formed by laminating the multilayer film 100
on the calcium fluoride substrate 101. This multilayer
film 100 includes MgF, as the first layer 102 and SiO, as

20 the second layer 103. Moreover, this second layer 103
includes two separate layers. Specifically, a separate
first layer 103a formed by use of the dry film forming
method and a separate second layer.103b formed by use of
the wet film forming method are sequentially laminated.

25 The immersion liquid 108 is water and the substrate 107

is silicon coated with the photoresist.
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met hod 1.55 2.10? 1.15-3.60X First layer MgF2 1.43 0.10X 0. 03-0. 107
Optical substrate cal ciumfluoride

Here, refractive indices of the first layer (MgF,)

102, 5102 film formed by the dry method of the separate
first layer 103a, and Si0; film formed by the wet method

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.



1.50 Here, the first layer 102 and the separate first |ayer
103a are fornmed by use of the vacuum vapor deposition nethod. It is
to be noted, however, that the filmformng 6 nethod is not limted
only to this nmethod. It is possible to apply other dry filmform ng
met hods i ncl udi ng vari ous sputtering nethods, ion beam assisted

met hods, and ion plating nethods. It is known that a
structure of a thin filmvaries in this dry filmform ng nethod
dependi ng(Babéendilti ons including a substrate heating tenperature, a

film 5 deposttiontate—and—thet+ike—rn+heecase—of a-structure
havi ng ijnsufficient aeh§¢@ﬁcahﬁeérastawe1ncD@&mau;rlsk ofilm
penetratjion of watef into the filmwhich y reach the cal ci um
fluoridg substrate [101. Since fal ¢ginde#| uofi def dlmssol yeshiir kaptss ,
there ig an increas|ng risk offa loss 10 pf the desifned optical
performgnce attributable to inmersion in teickgsgener altandge i s
known tha_ a 3102 T|Imformed py Uhe vacuum vapor deposition nettod
at a | oW} SUBStFAPE heal'Ph§Tt enper atuféd al lows penetratlion of water|or
wat er vapPr 15In this case, by providing the Si02 |ayer fornmed by
t he wet %?? rnln met hod as| t he separatje second | ayer 103b, the
Si 02 Iayq$ E@e fegmf In1ﬁo m ng nethod enters into voi ds| on
the Si 02 ayer forrrea y the"dry firncfornj ng OmétP%Rod, | and %t-HEMNoi d
are therepyygélnlnatggrmgg by (constant)

(separate wet

second method

layer)

Second $i0; film 1.55 2.10A 1.15~ 3.60\

layer formed by

(separate dry

first method

layer)

First MgF, 1.43 0.10A 0.03 ~ 0.10A

layer

Optical calcium 1.50

substrate | fluoride

Here, the first layer 102 and the separate first
layer 103a are formed by use of the vacuum vapor deposition
method. It is to be noted, however, that the film forming

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

sputtering methcds, ion beam assisted methods, and ion
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20 this way, it is possible to prevent infiltration to and corrosion
of the optical element 1 by the given imrersion liquid 108 interposed
bet ween the surface of the substrate 107 and the projection optical
system PL, and thereby to maintain the optical performance of the
projection optical 25systemPL. As a result, when this optical
elenment 1 is applied to the projection exposure apparatus of the
liquid ifnetsion type, it is possible to avoid detachnment of the
mul til ayePlPFERI186 19 %e present invention from the cal ci um

and to avoid dissolution of the optical

fluoride substrgte 1Q1

fLenentfl in t%?Iﬁ%ﬁ?ﬁ””h?QTﬁsam%EFuFFurS pé ﬁof§ﬁ@l§iﬂ§;g@ﬁﬂQﬂn_t
e perfo 0 .proj.ecti.on expqsure apparatus. In addition, i

is not ne%£2€%?§ %g&rg%ﬁ&bé%ﬁ%ﬁ%ﬂnﬁ%ﬁhoél%%gg?dingr86u€ﬁPﬂ¢ﬁl°n5

Ther ef ore; kLt 4l ossi ble. t intain high throughput of the .

proj ect | oﬁn!é%‘éggﬁ e %pp_gr%gtsﬁs. IiLeOT%lee%Fblggl a %WPESE‘EE&%y tPhe Mt

i1 for mhagogethed, -ubbehaserees 1354 he separatessegpnd hayer. 1030

is formed by spin coating using a conventional 702 Solufité .tﬁgie, a

sol - gel shiveAgSOhyhEen clisntsadnas dye 1802 S ut %C%_el]sti & Galgium
|

fluoride substrate 101 is coated with the 15sol uti on while being

rotated adf pamwdathtgoapeedvated Inbgerfd oam kPO 19, 2000 Jeval ytjons
per mnute. The filmthickness to be achieved by the coating process

depends omaLohdint £dnsriikel wiibig tdee comcents aidoOncf cthe S102ride
solution, the rotating speed of the calciumfluoride 20 substrate
101 in thélispbhvesainrnge beoceslsertehpermtitre; edwimdityskand 4 he dd ke.
Accordinglg, by preparing an anal ytical curve concerning the film
t hit@knesC¥ n Hirartas d antitel coreeforaanor astarpaudmetler | tid iS
possible to obtain a desired filmthickness afterwards. 25Here, the
filmthi cKHESES 5Pt hE 3P§?rl-ayép f6RREQ by itthd sn&mown rhtfaot rd rfgl 02
met hod sef .vi' ng. as tg% separ ate second ,
ilm~forme A e vacuum vapor deposition method at a low

substrate heating temperature allows penetration of water

or water vapor.

15 In this case, by providing the Si0O, layer formed by
the wet film forming method as the separate second layer
103b, the Si0,; layer formed by the wet film forming method
enters into voids on the $i0, layer formed by the dry film
forming method, and the voids are thereby eliminated. 1In

20 this way, it is possible to prevent infiltration to and
corrosion of the optical element 1 by the given immersion
liquid 108 interposed between the surface of the substrate
107 and the projection optical system PL, and thereby to
maintain the optical performance of the projection optical

25 system PL. As a result, when this optical element 1 is

applied to the projection exposure apparatus of the liquid
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| ayer 103b is set to 0.40X (50 nm. However, the filmthickness is
not limted only to this value. Nevertheless, it is necessary to pay
attention to occurrence of cracks attributable to nenbrane stress
when coating in a large 5 filmthickness such as 1.2k (150 ru) or
above. Moreover, after coating the Si02 |ayer forned by the wet film
form ng nethod serving as the separate second |ayer 103b, an
anneal ing process is perfornmed in the air at 160C for 2 hours as a
post trealmeetsiPhi §ypreocéssibspoasihdedtdavdidevepatninenal sehohe
which is a main solvent of the 5i02 solution, and to sinter the Si02
| ayer itsepritidened byiihelWdt of | phéopmesgnitetiodention fdong.tdd 1S
a graph showing a relation between reflectivity and an exit angle in
terns of FR&COPH Eduorigle|wppntratef 10hi snBrbodimentd 40 srsellattivent o
the ArF (having the wavel ength of 193 nnm) exciner laser. As it is
apparent f oﬁpgiﬁPti?FltﬁéQQ%ﬂFﬁ%ﬂﬂbéﬂﬁhdéQﬁQWEeﬂﬁtm$ﬁ§ way, it

pol ari zation_ and, t he polarjization is approximtely equal to or

bel gw 0. 6% /& S%\%gﬁ {)?lé“ae%ﬁifahﬂgqlée@’q]?p%ﬂwc?cpf 2B UG reIFrESOr
appr oxi nma al_tao _or_bel ow 1% even when the exit angle 0 is
equal to %%éggggegp Piéretor e\,%i I‘??éi%p ITH Et ereAreRfdRTRrY to
excel | ent t er LSLLE + I I h. reover, as
Shoan i 1 ToBI 68 dSert e ansre ittt J5recaashidn: « AReRfbre, 1t

refractivesigylexigfethe rrfaiirr%aifi‘yrﬁg I\@ﬁ?()uglk%uf QN L0 r]ﬁctthieon

refractive indices of the opticalsubstrate-A andthe secon ayer

(Si02) 10sxpbkahecan®radiacent thereto. By arranging the refractive
i ndi ces as descri bed above, the multilayer film 100 has the

antio- r ef | ect i oITHeBA0,0Ne P& T aF SRS @ by REkOPAE ot Mn £ardd d Pauah dde
second |l ayer (Si02) 103 is conposed of the separate first |ayer 103a

fornmed bywhisehofethesday fthé nmdmim g setdod laange  heo Separatm rsecond
| ayer 103b formed by use of the wet filmform ng nethod, these |ayers
are nade ¥ sten icderitiirgalisimoes i @naewt aoeaflhet @f epa utdgar dediere,
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 zrevolutions per minute. The film
thickness to be achieved by the coating process depends
on conditions including the concentration of the Sio0,
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 $i0, layer formed by

the wet film forming method serving as the separate second
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10as the single layer fromthe optical perspective. (Enbodinent 11)
A projection exposure apparatus is configured as simlar to

Enbodi nent 1 except applying the transm ssive optical elenent 4
descri bed below. 15Fig. 18 is a view showing a configuration of the
optical elenment 1 of the present invention. This optical elenent 1 is
formed by lamnating the nmultilayer film 100 on the cal cium fluoride
substrate 101. The nmultilayer film 100 has a four-layered structure

i ncl udi ng1kgk3 a9 320 theetki kst . r , F2 se d layer
103, LaFs ag t he thi r%l Iage/er %04, %d ?%an/g thggyggr%trﬁ Iccg{%eréjl%@,

whi ch ar etbéqueris el kyndaminaied on lyheo cadicd yaflauor de eSsubsd 184 &,
101. The imrersion liquid 108 is water and the substrate 107 is
silicon coat éd methstheyliot prgshsten25Her eo befduaatdvee idwiesc 1o
LaF2 in the first layer 102, MyF2 in the second |layer 103, LaF3 in
the thirdafayélutedfe dinl BRranet herbosr whehayer thidhy iandc dptieal
filmthicknesses as well as filmthickness ranges of the respective
| ay@rs 10PidAdtbéckoess basbdaenlt A HeSP gmed or abovedoniMeardover,

wavel engt h_X are shown bel ow. 5(Tabl e 6)
aftexr coating the Si0; ayer formed by the wet film forming

method serving as the separate second layer 103b, an
annealing process is performed in the air at 160°C for 2
hours as a post treatment. This process is intended to
10 evaporate alcohol which is a main solvent of the SiO;
solution, and to sinter the SiO, 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 6 is equal to
20 40 degrees or approximately equal to or below 1% even when
the exit angle © 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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Subst ance Refractive index Optical filmthickness Filmthickness
range Imrersion liquid water 1.44

10

15

20

25

opticalsubstratelOlandthesecondlayer(Sioﬂ 103 which
are adjacent thereto. By arranging the refractive
indices as described above, the multilayer f£ilm 100 has
the anti-reflection function as a whole. Incidentally,
although the second layer (SiQ,) 103 is composed of the
separate first layer 103a formed by use of the dry film
forming method and the separate second layer 103b formed
by use of the wet film forming method, these layers are
made of the identical material and are therefore regarded
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.

Fig. 18 is a view showing a configuration of the
optical element 1 of the present invention. This optical
element 1 is formed by laminating the multilayer film 100
on the calcium fluoride substrate 101. The multilayer
film 100 has a four-layered structure including LaFs as
the first layer 102, MgF; as the second layer 103, LaFs
as the third layer 104, and 8iC; as the fourth layer 105,
which are sequentially laminated on the calcium fluoride
substrate 101. The immersion liquid 108 is water and the
substrate 107 is silicon coated with the photoresist.

Here, refractive indices of LaFs in the first layer

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



Fourth layer 5102 1.55 0.37X 0.15- 1.50% Third | ayer

10

LaF3 1.69 0. 70%

104, and 5i0; in the fourth layer 105, and optical film

thicknesses as well as

film thickness ranges of the

respective layers 102 and so forth based on the designed

dominant wavelength A are shown below.

(Table 6)

Substance | Refractive Optical Film

index film thickness
thickness range

Immersion water 1.44
liquid
Fourth 5i0; 1.55 0.37A 0.15 ~
layer 1.50A
Third LaF; 1.69 0.70A 0.40 ~
léyer 0.90A
Second MgF, 1.43 0.10A 0.03 ~
layer 0.15A
First LaFs 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. 1Tt is to be noted, however, that
the film forming method is not limited only to this method.
It is possible to apply various sputtering methods, ion
beam assisted methods, and ion plating methods that can

produce dense structures.
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0.40- 0.90% Second | ayer MgF2 1.43 0.10%0.03- 0.15% First |ayer LaF3
1.69 0.11%

Fig. 19 is a graph showing a relation between
reflectivity and an exit angle in terms of the optical
elementJ.ofthisEmbodiment]J.relativeto1juaArF(having
the wavelength of 193 nm) excimer laser. As it is apparent

5 from Fig. 19, the mean reflectance between the S
polarizationandtheP;xﬂarizationisapproximatelyequal
to or below 0.3% even when the exit angle 6 is equal to
50 degrees or approximately equal to or below 0.5% even
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
(LaFs3) 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 (S10;) 105 which are adjacent thereto.

20 By arranging the refractive indices as described above,
the multilayef film 100 has the anti~reflection function
as a whole.

Although 8i0O; of the fourth layer 105 is formed by
use of the vacuum vapor deﬁosition 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
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0.03- 0.20% Optical substrate calciumfluoride 1.50 Her e,
t he vacuum vapor deposition nethod is used as the filmformng
nethod. It is to be noted, however, that the filmformng nmethod is
not limted only to this nmethod. It is possible to apply various
sputtering nethods, ion 10beam assi sted nethods, and ion plating
met hods that can produce dense structures.

separate second layer 103b as described in Embodiment 5.
In this case, by providing the SiO, layer formed by the
wet film forming method, the Si0O, layer formed by the wet
film forming method enters the voids on the third layer
5 (LaF3) 104 formed by use of the dry film fo:ming method,
and the voids are thereby eliminated. 1In this way, it is
possible to prevent infiltration to and corrosion of the
optical element 1 by the given immersion ligquid 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
i5 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 of the projection
exposure appraratus.
{(Embodiment 12)
A projection exposure apparatus is configured as
25 similar to Embodiment 1 except applying the transmissive

optical element 4 described below.
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Fig. 19 is a graph showing a relation between reflectivity and an
exit angle in ternms of the optical elenment 1 of this Enbodinent 11
relative to the ArF (having the wavel ength of 193 nm exciner |aser.
As it is apparent 5 fromFig. 19, the nean refl ectance between the S
pol ari zati on and the Ppol arization is approximtely equal to or bel ow
0. 3% even when the exit angle 0 is equal to 50 degrees or

approxi mately equal to or below 0.5% even when the exit angle O is
equal to 60 deggbés.2?hé#%f®r%ieWOSh@wdpﬂidalcehéﬁgmmabdddﬂds the
excel l ent characteristic and is usabl e enough. Mor eover, as
shown i n TRAEESE GesSed abovie Ruesenhpigarentienat Thesreptraceive
i ndex of tge firsg Layfr *LaF3) 102 is higher than the refractive

i ndi ces of "EAERYUS Pt Feahedup¥iiamirapingnaghensulbtbpacrafein MyE2)

103 mhichoﬁr%h%ghchnt t hereto., anwhile, it _is also apparent that

the refractive .n&%xc%?mtﬁiqu 15T ¥R 5E3Y 0f04 iT&enithEr L a¥ATt he
f tive.kndi fot d | F2)_ 103 he f th

aver (s oo s R L e PR a5 T 20 B e b G Tenes

f ti LNGH; hbed [ fil fil 00_h
Che anti - EoPl aetion et Lh2E R & HIE T s B0 i tone
fourth I ayer+4@5¢hs ko1 ed by pusenglr,th yﬁg%%?ROIaggPOfb%i Oha.

met hod in this 25Enbodi nent 11, it IS also possible to formthis

by use of sibe asek £iteohfieryeng ovst DAY CASa & Nd et ©id NEy 1SEPEL AL £g
second | ayer 103b as described in Enbodinment 5. In this case, by

provi di ngohhehis 02alayen fiannedi dy sheswetatld | 1o f or mirRg neihods § she
Si02 |ayer forned by the wet filmformng nethod enters the voids on
t hedlOt hi r d1Lgped 188 (Lak3)te0dnfiorned iys tiset ofl the sds y1 f bm dod veag
met hod, and the voids are thereby elimnated. In this way, it is
possi bl e Votpr &hentrliafferesaston to and corrosion of the optical
element 1 by the given imrersion |iquid 108 interposed between the
surface of the %8t ratEraotiyggindices of LaFs in the first layer

102, MgF; in the second layer 103, LaFs in the third layer
104, MgF; in the fourth layer 105, and Si0O; 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.

101



10 the projection optical
per formance of the projection optical
element 1 is applied to the projection exposure

opti cal
when thi

apparatus of the liquid inmersion type,
15 multilayer film 100 of the present

det achne

s optical

nt of the

it

system PL, and thereby to maintain the
systemPL. As a result,

is possible to avoid

i nvention

fromthe calciumfluoride substrate 101 and to avoid di ssol ution of

the opti

cal

elenment 1 in the |iquid.
mai ntai n fﬁ@bb@rﬁérnance of the projection exposure apparatus.

ranl A

In this way,

it

~n + h

In

al—element |

is possible to

addi tion
frequent
t he proj
proj ecti
Enbodi ng
descri be

it T s ot

| y. Therefor

ection expo
on exposure
nt 1 except
d bel ow.

mecessary
gubistt airg- g
Sur e appar at
appar at us
applying t
Fi g.

20
U ZUT TP

us. (Enbodi
s condéygure
ne transm ss

o nnflh
[C—TTTTC—Opt

ment 12)
l ast25mi m |
ve optica

Beiflylae ttioremhi mipeiincaii gh t hr Bmghnput

aﬁﬁxrkness
el enent 4

PO is a view §W@Mkﬁf%§conﬂqﬁn§&|on

D f

the opti
1is for
fluoride
structur

ﬁ@%nelenent

By°t8hi
rat e

SR

udi ng

1 of the p
hat I'A¢ Sthe
101. The nu
LaF3 as th

resent

mul t -4
tilayer 5
e first |aye

i nven
fer f

om. —Thi s d
| m 100 on t
Film 100 hag
102, MgF2

pticat—etene
he cal ci um

a five-laye
as the secon

1t

| ayer 10
and Si 03
t he cal di
wat er a

d t

3 as
asfggflfth
fluorid

e subst

[ h hrd |
eyt 106,

e substrate
ate 107 is

pyer ; 1 My
mhlchgére S
101. The im

silicon coat

2 as the T¢
equ ly |l
mer sion 1011
ed with thg

xph

urhgnggyer T

ed on
cui

o1 &

Here, reg
second |
| ayer 10

fracttne in
ayer 103, L
SLapdd Si 02

di cegypf La
LbF3 11 the

in the fif

e fi
yer

F3 i
t hir
t h

512

[ st
104

phﬁéﬁé 1(

i

Int

2’ ~
th@gﬁéurth

0.18A

Third

layer

LaF;

.69

0.70A

0.55 ~

0.82A

Second

layer

MgF.

.43

0.10A

0.03 ~

0.18A

First

layer

LaFs

.69

0.11A

0.03 ~

0.20A

Optical

substrate

calcium

fluoride

.50

Here, the vacuum vapor deposition method is used as

the film forming method.

It is to be noted, however, that

the film forming method is not limited only to this method.

It is possible to apply various sputtering methods,

beam assisted methods,

produce dense structures.

Fig.

21 1is

a graph

ion

and ion plating methcds that can

showing a relation between

reflectivity and an exit angle in terms of the optical
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15 layer 106, and optical filmthicknesses as well as filmthickness
ranges of the respective layers 102 and so forth based on the
desi gned dom nant wavel ength A. are shown below. (Table 7)
Subst ance Refractive index Optical filmthickness Filmthickness
range
element of Embodiment 12 relative to the ArF {having the
wavelength of 193 nm) excimer laser. As it 1is apparent
from Fig. 21, the mean reflectance between the &S
polarizationandtﬂuaPpolarizationjA;approximatelyequal
5 to or below 0.3% even when the exit angle 6 is equal to
50 degrees or approximately equal to or below 0.5% even
when the exit angle © is equal to 60 degrees. Therefore,
the optical element exhibits excellent characteristic and
is usable enough.
10 Moreover, as shown in Table 7 described above, it
is apparent that the refractive index of the first layer
(LaFs3) 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-reflection function
20 as a whole.
Although Si0Q; of the fifth layer 106 is formed by use
of the vacuum vapor deposition method in this Embodiment
12, it is also possible to form this film by use of the
wet film forming method as similar to the separate second

25 layer 103b as described in Embodiment 10. In this case,

by providing the Si0; layer formed by the wet film forming
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I mrersion liquid water 1.44 Fifth layer 8102 1.55 0.20% 0. 05- 0.35%
Fourth | ayer

method,theSiOzlayerformmﬂbythewetfilmformingmethod
enters the voids on the fourth layer (MgF,) 105 formed by
use of the dry film forming method, and the voids are
therebyeliminated. 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 tomaintain the optical performance
of the projection optical system PL. 2As a result, when
10 this optical element 1 is applied to the projection
exposure apparatus of the liquid immersion type, it is
possible to avoid detachment of the multilayer film 100
of the present invention from the calcium fluoride
substrate 101 and to avoid dissolution of the optical
15 element 1 in the liquid. In this way, it is possible to
maintain the performance of the projection exposure
apparatus. In addition, it is not necessary to replace
the optical element 1 frequently. Therefore, it is
possible to maintain high throughput of the projection
20 exposure apparatus.
(Embodiment 13)

A projection exXposure apparatus 1s 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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MyF2 1.43 0.10X 0.03- 0.1826 Third l|ayer LaF3 1.69 0.70X 0.55- 0.82X
Second | ayer

Specifically, in This Embodiment 13, Al,0; is formed as

the fourth layer 105.
Here, refractive indices of LaF; in the first layer
102, MgF; in the second layer 103, LaFs; in the third layer
5 104, Al,0s in the fourth layer 105, and Si0; in the fifth
layer 106, and optical film thicknesses as well as film
thickness ranges of the respective layers 102 and so forth

based on the designed dominant wavelength A are shown

below.
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MyF2 1.43 0.10X 0.03- 0.18% First layer LaF3 1.69 0.11X 0.03- 0.20%
Substrate
(Table 8)
Substance | Refractive Optical Film
index film thickness
thickness range
Immersion water 1.44
liquid
Fifth Si0; 1.55 0.37A 0.28 ~
layer 0.55)\
Fourth Al,05 1.85 0.10A 0.03 ~
laver 0.18A
Third LaFs 1.69 0.51A 0.38 ~
layer 0.65A
Second MgPF; 1.43 0.10A 0.03 ~
layer 0.20)\
First LaFs 1.69 0.11A 0.03 ~
layer 0.25A
Optical calcium 1.50
substrate | fluoride
Here, the vacuum vapor deposition method is used as

the film forming method. It is to be noted, however, that
the film forming method is not limited only to this method.
5 It is possible to apply various sputtering methods, ion
beam assisted methods, and ion plating methods that can
produce dense structures.
In this Embodiment 13, the mean reflectance between

the S polarization and the Ppolarization is approximately
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cal cium fluoride 1.50 Here, the vacuum vapor deposition
method is used as the filmformng nethod. It is to be noted,
however, that the filmformng nmethod is not limted only to this
nmethod. 5 It is possible to apply various sputtering nethods, ion
beam assi sted net hods, and ion plating nethods that can produce dense
structures. Fig. 21 is a graph showing a rel ati on between
reflectivity and an exit angle in terns of the optical elenent of
Enbodi menequalried ati v taw thed $AeR efhatiengt hlhee waved egus ho afs 193 NM
excinmer laser. As it is apparent fromFig. 21, the nean reflectance
bet ween the X9 gelga€ e iroarand xtive t noleamniazat ibonr ise AP rons sratelry
equal 5 to or below 0.3%even when the exit angle 0 is equal to 50
degrees OfPeppEbRi ARiEl predeal® tie eraussl dw 6B eyeacnhen theidxint

angle 0 is equal to 60 degrees. Therefore, the optical el enent
exhi bits %&%a}afeﬁtf EWEPQG?‘@%#C andeirs gzl Ehenendgh calorbeasver

as shown in Table 7 describhed above, it
5 eghlgl S exceiien characteristic and is usable enough.

Moreover, as shown in Table 8, 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.
10 Meanwhile, it is also apparent that the refractive index
of the third layer (LaF3) 104 is higher than the refractive
indices of the second layer (MgF,) 103 and the fourth layer
(Al203) 105 which are adjacent thereto. By arranging the
refractive indices as described above, themultilayer film

16 100 has the anti-reflection function as a whole.
Although Si10; 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 Si0, 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;03) 105 formed
by use of the dry film forming method, and the voids are
25 thereby eliminated. Inthisway, it is possible to prevent

infiltration to and corrosion of the optical element 1 by



is apparent that the refractive index of the first |ayer (LaF2) 102
is higher than the refractive indices of the optical substrate 101
and the second |layer (MgF2) 103 which are adjacent thereto.
Meanwhile, it is also apparent that 15 the refractive index of the
third layer (LaF2) 104 is higher than the refractive indices of the
second | ayer (MyF2) 103 and the fourth [ayer (MgF2) 105 which are
adj acent thereto. By arranging the refractive indices as descri bed
above, thehpuldtiiveayeimhiekmid@0 hiaguidielast iinefhess é@nphperonRoas
a whol e. Al t hough Si02 of the fifth layer 106 is fornmed by use
of the vasutfeegperf déyosiukiorratee hbel7i antthtse Epbodick®itonldpticd 5
al so possible to formthis filmby use of the wet filmform ng nethod
as sim | afYEbePhRl s it dhe reduohid 25] mayeln 1H08b oag idesk pielrdd rirtance
Enbodi nent _10. In this case, by providing the Si02 |ayer forned by
the wet f?fnfP8rRIrAgeSiEitdbPPEheali 82skayeFPLfor Aedaby eshd twetwifad m
forging nFthod enters thﬁTvoids on the fourth |ayer (MgF2) 105 forned
by Ose of “thd @é}%??ﬁ1@ SRR net holdl, 2&%d 9tk ¥8i ddhar eredecdbyen
elimnate hi s_wa it is.possihle to prevent 5 infiltration to
and corro%%%%gggetﬁggﬁﬁﬁgﬁﬁ %Feﬁéﬁtng&}qtﬁ?%ﬁ%%hopnﬁﬁp§hoﬁqi%ﬁud
108 inter t wee rface of. th ubstrate. 107 and .t he
projectidﬁgiﬁgFggl%gygygﬂgﬁﬁ%gﬁéﬁ¥%%Fe%§ ?%eﬁﬁFﬂ%é#ﬁyFﬁé%&&ﬂ(ﬁﬂo
perfor mange Gind Nefroection aptical AISH emid. A3 A, fesuhly Men 10
this optical element 1 is applied to the projection éexposure
appar at uss@hsthatki QW i AEERSI QR d¥PCd1 kLo sibte I3
detachnment of the multil ayer filn116g %%b%ﬁgﬁggggéﬁ$%iB%gn?¥gﬁ% Hbm
theocal ciemehéneridensvhst Lageid0l andthesavaid dirssal Wohis@n mfe the
optical 15 element 1 in the liquid. In this way, it is possible to
mai nt ai n ndaenpethormaceof féhivapeoj est | AheeXpPoOsY e taARPAT ks suldd
addition, it is not necessary to replace the optical elenent 1
frequent |3ppThetufor elni addg tiegsi bilte it muti Macasbagh thr eeghpute of
the projection 20exposure apparatus. (Enbodinent 13)

the optical element 1 frequently. Therefore, it 1is

possible to maintain high throughput of the projection
15 exposure apparatus.

According to the projection exposure apparatus of
any of the above-described Embodiments 6 to 13, the
multilayer film is formed on the surface of the optical
element and the multilayer film has the protective

20 function to protect the optical element against the liquid
and an anti-reflection function to prevent reflection of
the exposure light beam (the incident light). Therefore,
it is possible to provide the stable optical element
without being corroded by the liquid. Hence it is possible

25 to provide the optical element which can realize a

high-performance projection exposure apparatus having
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A projection exposure apparatus is configured as simlar to

Enbodi ment 1 except applying the transm ssive optical elenent 4
descri bed bel ow. 25In this Enbodi nent 13, the material of the fourth
| ayer 105 is different fromthat used in Enbodi nent 12.

Specifically, in This Enbodi nent 13, Al 203 is forned as the fourth

| ayer 105. Here, refractive indices of LaF3 in the first |ayer
102, MyF2 in the second |ayer 103, LaF3 in the third layer 5 104,

Al 203 i n P 1HeFPRhUEAYEr a1eh, lande SHeRthnofhd oGy Y ayee ¢66thand
optical filmthicknesses as well as filmthickness ranges of the
respect i ver TSy rSB5S ARG BETRGh HRSEP T ¢ He *laky YntHaeni AaAn

Refractive
wavel engthhasxt%{ee psrho V\énct?ﬂrgwfuné-tr?g;qefgl asgjt?xsrégn‘gj?me period, and

is therefore capable of protecting the optical element
5 against water as the immersion liquid for ten years, for

example. Hence it is possible to provide the optical

element which can realize a high-performance projection

exposure apparatus having high resolution and large depth

of focus by use of the liquid immersion method. At the
10 same time, it is possible to provide the stable optical

element without being corroded by the liquid for the given

time period.

(Embodiment 14)

A projection exposure apparatus is configured as

15 similar to Embodiment 1 except applying the transmissive

optical element 4 described below.

Fig. 22 is a view showing a configuration of an
optical member used in Embodiment 14 of the present
invention. The optical member 1 is formed by joining a

20 fused silica thin plate 102 onto an optical element 101
made of calcium fluoride. Here, an immersion liquid 103
is water and a substrate is a silicon substrate 104 coated
with photoresist. As for the joining method, when the
exposure wavelength corresponds to that of ultraviolet

25 rays such as the ArF laser, two composition surfaces are

formed into planar surfaces and subjected to optical
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i ndex Optical filmthickness Filmthickness range Imrersion liquid
wat er 1.44 Fifth

contact. The optical céntact means a phenomenon of
virtualcontactofsolidsowingtx>anintermolecularforce,
which is observed by attaching two planar surfaces closely
to each other. From the optical point of view, there is
5 only an interface between a solid and another solid.
If it is not possible to obtain desired adhesion due
to poor plane accuracy of the two interfaces subject to
the optical contact, it is also possible to enhance
adheshnlbyslightlycoatingpurewaterleaspacebetween
10 the interfaces to the extent not to cause corrosion on the
surface of the optical element 101. Refractive indices
of the optical element 101 and the fused silica thin plate
102 are 1.50 and 1.55, respectively.
Fig. 23 is a graph showing an angle-reflectance
15 characteristics on an interface of optical contact (the
fused silica / calcium fluoride) shown in Fig. 22, As it
is apparent from Fig. 23, the mean reflectance Ra between
the S polarization Rs and the P polarization Rp relative
to the incident light 20 is equal to or below 0.3% even
20 when the exit angle 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 fused
25 silica thin plate 102 may cause compaction upon laser

irradiation and is not therefore suitable. On the other

110



| ayer Si02 1.55 o0.37X 0.28- 0.55k Fourth layer Al 203 1.85 0.10k 0.03-
0. 18X Third

hand, the reason for adopting the fused silica thin plate
102 is that it is possible to minimize an adverse effect
even 1f the compaction occurs therein.

According to the projection exposure apparatus of

(o]

the above-described Embodiment 14, the fused silica thin
plate 102 has a very low solubility in water and is
therefore applicable without causing degradation in the
performance attributable to corrosion. It is possible to
realize a liquid immersion optical system without causing
10 optical degradation by using this element for the liquid

immersion method.

(Embodiment 15)

A projection exposure apparatus is confiqured as
similar to Embodiment 1 except applying the transmissive

15 optical element 4 described below.

Fig. 24 is a view showing a configuration of the
optical.member used in Embodiment 15 of the present
invention. The optical member 1 is formed by joining a
crystalline magnesium fluoride (hereinafter expressed as

20 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 liquid (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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| ayer LaF3 1.69 0.51X 0.38- 0.65k Second | ayer MgF2 1.43 0. 10X 0. 03-
0. 20k First

the refractive index equal to or below 0.2 relative to
those of respective substrates, the filler liguid has
small residual reflection and can be used favorably.
Since MgF, has some solubility in water (2 x 1074
5 grams per hundred grams of water according to the
literature data) and therefore dissolves in water when
used over a long period of time. As the dissolution
progresses, there is a risk of damaging a transmission
wavefront of a projector lens. If the optical element 101
10 is directly coated with a magnesium fluoride (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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| ayer LaF3 1.69 0.11k 0.03- 0.25k Optical substrate calciumfluoride
1.50

is also possible to apply a calcium fluoride thin plate

coated with magnesium fluoride (MgF,) or a very thin PTFE

{(polytetrafluoroethylene or Teflon (registered

trademark}) thin plate. As for the coating method in this

5 case, it is possible to apply not only a typical vapor

deposition method but also any appropriate methods

including ion plating method and wvarious sputtering

methods.

Here, the thin plate described in the description

10 of the preferred embodiments of the present invention may
be formed into a parallel plate as well.

According tec the projection exposure apparatus of

the above-described Embodiment 15, the tip portion of the

" projection optical system is not corroded by the ligquid.

15 Therefore, it is not necessary to stop operation of the

projection exposure apparatus in order to replace the

optical member 1 corroded by water or the like, and it is

thereby possible to manufacture end products efficiently.

Moreover, the optical member 1 of the present invention

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

projection exposure apparatus is in operation.

Accordingly, the optical member 1 has a stable optical

characteristic. 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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Here, the vacuum vapor deposition nethod is used as the filmform ng
method. It is to be noted, however, that the filmformng nethod is
not limted only to this nmethod. 5 It is possible to apply various
sputtering methods, ion beam assi sted nethods, and ion plating

met hods that can produce dense structures. In this Enmbodi nent
13, the mean refl ectance between the S polarization and the P

pol arization is approximtely equal to or bel ow 0.3% even when the
exit angle 0 i &lédualgh otv® degeeas ahvapprind el el yeeguakstd i¥eg
bel ow 0. 5% even when the exit angle e is equal to 60 degrees as
simlar twlihatedfe@rbodi rentEdlPod Thenesork, tbhel Dpt ieal sigbeIBNbe
S5exhi bits excellent characteristic and is usabl e enough.

Mor eover Une 5nbaadi thahbike rasents appanehontiatmdthe insfyat binte
index of the first |ayer (LaF3) 102 is higher than the refractive

i ndi ces df° tHee opEREHT esuIR Y@ EP 201 iand mbesl iseewhe Layer (GMyFZpr103
whi ch are adr{‘,%afent thereto. 10 Meanwhile, it is also apparent that
the’ ref r AT WR T hdextBf tHBPPALRE M tayeld (LARS) 16Bsi s Bildiser thare t he

refracti indice f .the second | aye F2) 103 and the fourth
| ayer (klva%b%—qb%gwﬁ;}lgﬁogr zlgg]sa {‘71‘(6?'\% o‘.gntrh‘ér PURGPRE PRethe
f ti i ndj , 8S cribed above, the nmultil aye j 1 m 15100 has
[ﬁerg(r:lt: \gr%lel%‘ e %?%ngf ﬁggtal S#&agna%\%neolsel. < sur%aﬁ?%/ﬂ%uéhesfa’z_l&alt he
fifth | ayeredObe ich todBALRY As& 0f Jihe wacuum vap (recgelgosm on_.,
so p e t6torm PRIFE At m

nethod in this Enbodi ment 13, 1t is a 0SSl

by use ofsydteemetny i higd o ng ethod;as ﬁh{g]}ﬂge 38(}&‘?% ySepar ate .

second 20 layer 103b as described i n Enbodi nment thi's case, by

provi di ngnithie- & §201 ayeenf enmed by rhiae cuef, fiid msf gpEIAG ELR0E, I he
Si02 |ayer fornmed by the wet filmformng nethod enters the voids on

the fourtam bayer diA203)t 65 fiormred byeuse Picé e drg $absriaralRg
met hod, and the voids are 25thereby elimnated. In this way, it is
possi bl e stisigrdvehe ¢optitelatl ement amdloosudsitam oé’ § hel dploifcahe
el ement 1 by, . _
projection optical system by use of hydrophilic silicon
oxide (5i0;), and meanwhile, to form a hydrophobic
15 anti-dissolution film on the side surface of the optical
element on the substrate’s side of the projection optical
system by use of alkyl ketene dimer.
Here, the anti-dissolution film formed on the side
surface of the optical element is the anti-dissolution
20 film having an excellent hydrophobic performance as
compared to the anti-dissolution film formed on the
surface on the substrate’s side of the optical element,
while the anti-dissolution film formed on the surface on
the substrate’s side of the optical element is the

25 anti-dissolution film having an excellent hydrophilic

performance as compared to the anti-dissolution film
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the given imersion liquid 108 interposed between the surface of the
substrate 107 and the projection optical systemFL, and thereby to
mai ntain the optical performance of the projection optical system PL.
As a result, when 5 this optical elenent 1 is applied to the

proj ection exposure apparatus of the liquid imrersion type, it is
possi ble to avoid detachnment of the nmultilayer film 100 of the
present invention fromthe calciumfluoride substrate 101 and to

avoi d di seaingd em ehd ke ePbueHa ccl@ rekaresbrd dal bheddaui d.rdn this
way, it is possible to maintain the performance of the projection
exposur e papparal eisto lgn iatkditthieon i ghiti d S tRRlcMRLeSSARY t9qkephaegLhe
optical elenent | frequently. Therefore, it is possible to maintain
hi gh t hr @fghipuwe obttkelpre)ecénbneisSddgosts etAppaidisdtsate’s side
According to the projection exposure apparatus of any of the

above- de QRQPEgbémQﬁ#ﬁsd$ssglm3iqmmfhtmtmQ@defbhmﬁﬁefs&aed on
the surface of the optical element and the nmultilayer filmhas the
pra ecti V&T RS S urtch | g e o Optotat  theemop t cal s el Enenth adee peb bt ke
l'iquid and an(fnti-reflectipn function to prevent reflection of the
exposur e itghtd St ¢t heri hetBent MPFERVEL / Thér éFopessiibliestposihl e
to provi t he stag optical elenent w thout being corrodedby the

l'i qui d. c &P e&d&%%%’@zﬁ%%ﬁ%i% e DHiseartel entadewnifch

i hi. gh- f jecti t havi
i gh resoit DB did FAPGE teprA bF orTUbSChS [GseoBp CERE LY takd the
i i I myl .t il m, h t '
Funct i on T o (e T r e Bort i e TR EhePcPurd daT of Che-

prog ect i REAHR OB eak §LBIRAL ragal @%._tdev‘@%ejéhglsof:pfc%mi%fgg?ﬁgkgm d

for ten years, for exanple. Hence it 1s possible to provi

optical ehementdwpiehl canaheakiiae s Niwhsperf onmance projection
exposure apparatus having high resolution and | arge depth of focus by

use of the |iquédnwhiersi an fRehadovAt ddy b S@MnbddEneht BSand
possible to provide the stable optical el enent w thout being corroded

by the | ithei Hiker the fgimsenfilmecqestodctéBrdwdheesnt 114dn dioxide

(S10z) film is formed on the transmissive optical element

15 by use of the sputtering method. Instead, it is possible

to form this film by use of a different dry film forming

method such as the vacuum vapor deposition method or the

CVD method.

Moreover, in the above-described Embodiment 5 and

20 the like, the silicon dioxide (S8Si0;) film is formed as the

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

other silicon dioxide (Si0;) 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 (Si0Q,) film as the second film
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A projection exposure apparatus is configured as 15simlar to
Enbodi ment 1 except applying the transm ssive optical elenent 4
descri bed bel ow. Fig. 22 is a view show ng a configuration of
an optical nmenber used in Enbodi nent 14 of the present invention. The
optical nmenber 1 is forned by joining a 20 fused silica thin plate
102 onto an optical elenent 101 nmade of calciumfluoride. Here, an
imrersion liquid 103 is water and a substrate is a silicon substrate
104 coat égy wasd pliothresiedt .£ A f D6 rinhag] aletinr@ met hod, when the
exposure wavel ength corresponds to that of ultraviolet 25rays such as
the ArF | aser, Mewnwonposiii drhes wifacesd @5 €r i be HESmbBHA mRMARA! the
surfaces and subjected to optical contact.The optical contact neans
a phenongiRFcofbetreeal tdontartfadesofi dhcowarpt ced thtebpnliecul ar
force, which is observed by attaching two planar surfaces closely to
each ot hérlerepmmate ot Feacipei it uok iviceandt fermeiisobdmleywater’ s
interface between a solid and another solid. . If it is not
pos§| bl e $5 DIt i U T LU hiRRsPRRigaE FBSEEsT 16| A Laccuiady tofe t he
two interf.aces subject t the optical contact, it is also possible to
enhance adisidn E%F%*f?@ | Yt coatRpgs phite fv'\ﬁt-'Ja*li’-tPHPQS@pH}é béewden 10
t he |nterf exte not to cau se corrosion on the surface of
the opti ¢al aﬂ)%tb %"iee]ﬁ?n(fl}eaftulrvf%q%(?l cEBegat ek i itdsl oBFéRadt
101 and I are 1. 50 and

téleerrfé‘rﬂe%a%zé ocfacgli]l:guﬁ ?iﬁo}gée %Irlldafnogllﬂ%e et &E‘Faﬂééer s

respectively. Pig graph” show ng
side of the projection optical system.

10 Moreover, although pure water is used as the liquid
in the above-described embodiments, the liquid is not
limited only to the pure water. It is also possible to
use another liquid (such as cedar oil), which allows
transmission of the exposure light beam and has a high

15 refractive index as much as possible, and remains stable
against the photoresist with which the projection optical
syétem and the surface of the wafer are coated. When a
F; laser beam 1s used as the exposure light beam, it is
possible to use a fluorinated 1liquid that allows

20 transmission of the F; laser beam. Such a fluorinated
liquid may be fluorinated oil or perfluoropolyether (PFPE),
for example.

Moreover, in the above-described embodiments, the
optical element used in the present invention is formed

25 into a lens shape. However, the shape of the optical

element is not limited only to the lens shape. For example,
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15 characteristics on an interface of optical contact (the fused
silica/ calciumfluoride) shown in Fig. 22. As it is apparent from
Fig. 23, the nean reflectance Ra between the 5 polarization Rs and
the P polarization Rp relative to the incident light 20 is equal to
or below 0.3% even 20 when the exit angle 0 is equal to 60 degrees.
Therefore, the optical menber exhibits excellent characteristic and
i s usabl e enough. The reason why the optical elenent 101 as
the optiddl Bsubzisat possimdte nadefofnf tnedopitiicca sl dhatct he Lused
25silica thin plate 102 may cause conpaction upon |laser irradiation
and i s n@rasrrefigreenuionbbe.fa@mime otfidm ohaadsal Beuheasosriak
adopting the fused silica thin plate 102 is that it is possible to
i ni mi ze PArR ERIverRetEptectasevenchv erhe lesrmatt i on specur odtweeenna
According to the projection exposure apparatus of 5 the

above- de%@ﬂ‘beerﬂtt‘g‘bﬁhi FeRCitR flhoridedlsppi eadt ke pliareid02 has a
very | ow sol ub![I it t heref ore applicable w thout

t d i
causi ng degr adat'i J d#ﬂtmﬁ?gﬁ%%ﬁ%’étﬁt thrd bardbl e t 6*@daxigsi she |t
i i bl i | id.i. i ti | t i t hout
caubtng T B dhat Sy AT i e o qen EhporPrES
( : : . 1y b et
hppar at 1S T IO b i ol RN i Thr L PoPRASIRLReO E 35kl AHp bPRg

the trang@iS8Mes such as perfluorocarbon (PFC), hydrofluoroether

(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 liguid. In this case, it is also

15 possible to arrange the exhaust nozzles and the intake
nozzles vertically so as to effectuate the supply and
recovery of the liquid both in the +X direction and in the
-X direction.

(Embodiment 16)

20 A projection exposure apparatus is configured as
similar to Embodiment 1 except applying an optical element
with which an optical member optically contacts through
a film as described below.

As shown in Fig. 1, the projection exposure apparatus

25 of this Embodiment 16 applying the step and repeat method

includes an illumination optical system 1 for illuminating



150ptical el enment 4 described bel ow. Fig. 24 is a view show ng
a configuration of the optical nmenber used in Enbodi nent 15 of the
present invention. The optical nmenber 1 is forned by joining a
crystalline nmagnesium fluoride (hereinafter expressed as 20 MF2)
thin plate 105 onto the optical elenment 101 rmade of cal cium fluori de.
Here, the immersion liquid 103 is water and the substrate is the
silicon substrate 104 coated with photoresist. A space between the
optical €l efehici@l endmebs) M2 4 hiretdlcdtee 4059t s deivliled meth 3
liquid (a filler 25I|gﬁid) 106 with a small difference in refractive
i ndex t heTBIR@Pt1ing thhe fadlierlei Gui dalOBhas awidd edenced nfolhe
refractive index equal to or below 0.2 relative to those of
respectwﬁ?gﬁﬂﬁ¥%ﬁge§ weRers il epbisitqu tee hadd, smevd fersstagk drive
reflection %ﬂ be used favorably. Since MJF2 has sone
sol ubi I i t3¥5 If}va]t r£Q% 4 Hplng grherevpber hehagedigyans ahdwhhereby
accgrdln Jé)the |tera%ure&9 #ﬁ% and t herefore dissolves in water
when used overd a 1'dng" peffo FRedLASHO R KL uBi P i BgE&eBes,
t here |s 0, gbhg.a_transm ssion wavefront of a projector
| ens. égéﬁ%|%%?@gﬁehgnFofoﬁrféeé%%ﬂﬁ%ﬂﬂﬂ%}?ﬁ%ﬁeﬂnﬁﬁ?hf%rmed
nagne5|u fl i 2 I apprapria

o e ld@ti%ﬁg %Wﬁ% g i Jrqaurfsc;n%%?%ﬁl%%flront

t hi ckness, there Is |stort|ng 't e t

o ext tm%ﬁiéglp@r'ga %hw&d@“gnlléﬁlﬁgy 32 ge% emyééﬁfgao§hOUt

an extensive operation for réplacing t opti cal

Par ti cul amoy e ahieon tdiet 0phi cal sebament aﬁ@lthé %QE%dw' maﬁda 2! 0%
shape, it is necessary to performdeiicate alignment with an optlcal

axl® of tche e egtsiren @ASE GIP GO BELTRAE 1 Y ShE £ §1 19h gE8s¥ral R the
case of Enbodi nent 15 of the present invention, it is possible to

repl ace @Mq;&ﬂlqmeofhtheppabgeo%mnnchxmbyuretap@ayxﬁﬁgﬂe to
performrepl acement while mnimzing an adverse effect on an

i mage-form ng Peef dddmrdea tAlarthoughi Eabodiystrin 15 iofc ke present v

i nvention applies the crystalline magnesi um fluoride (MF2)
thi n 25pR¥Cd g% | 5aF86pESsidt et vrapplpacriystal $oineerngmesipimical

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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fluoride (MgF2) sintered body instead. Alternatively, it 1is also
possible to apply a calciumfluoride thin plate coated with nagnesi um
fluoride (MJF2) or a very thin PTFE (pol ytetrafl uoroethylene O
Teflon (registered trademark)) thin plate. As for the coating nethod
inthis 5 case, it is possible to apply not only a typical vapor
deposition nmethod but al so any appropriate nethods including ion
pl ati ng nmet hod and various sputtering nethods. Here, the
thin platleldescri bed in the description 10of the preferred
enbodi ments of the present invention may be fornmed into a parall el
plate as wel | . The retickerdinget @levhiec pr R BC 0 c@XNIAHUF &4 appaLat us
of the above-descri bed Enbodi nent 15, the tip portion of the
proj ect i &?Rﬁﬁl%apfsy%dkwtsngottim)rpodedlbyl tdred | pgsitthre 16F the
Therefore, it is not necessary to stop operation of the projection
exposure fd:pfa‘?Ja?L% YhibrdErteanias dde tiat opté cal rimber ficebdiyoded
teréﬁ Ilke and it is thereby possible to manufacture end
pr oduct s efF F(‘?i éLrﬁJiey S oearicy ﬁéTobPF@éPO#@rﬁ?eﬂr aimefhehé spr sent
|nvent|o% 20| not corrg&ﬁg for.a given period of time while the
proj ect i on €X slﬂ?g 88p u%e*f%c% Bpetatd®rd AdEscdiieg yand he Y

'S possi 1 To SPRDIPLES (HES qUBPrEs r o protaces co pe to b
ot By 5 0129 16 0 L LN, PSS, PETLELIT,£1OSHY 9
in a direction of rotation around the optical axis AX.
10 Positions of the reticle R in terms of the 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 be more precise on the structure,
the wafer W is fixed onto a Z stage 9 by use of a wafer
holder, and this Z stage 9 allows adjustment of a focal
20 position of the wafer W, i.e. a position in a Z direction
substantially parallel to the optical axis AX, and a tilt
angle thereof corresponding to that position. The Z stage
9 is fixed onto an XY stage 10 and this XY stage 10 is
supported on a base 11. The XY stage 10 is capable of

25 moving the wafer holder along the XY plane that 1is

substantially parallel to an image plane of the projection
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Al t hough the present invention has been described with reference to
Enbodi ments 1 to 15, it should be understood that the present
invention is not limted only to the features described in

Enmbodi ments 1 to 15. For 5 exanple, in Enbodinent 4 and the |ike,
the anti-dissolution filns are formed on the surface on the
substrate's side and on the side surface of the optical elenent on
the substrate's side of the projection optical system by use of
magnesi urift ber i dev ¢ MyR2B L ascitdieg il ardhotdirsspl an ion tfid o%.rdst ead,
it is possible to forman anti-dissolution filmon the surface on the
substrat @%d sileowmf tHrroptbesaitébersent bhet Ressubst Bata' segnde o

t he projection optical system by use of hydrophilic silicon oxide

(Si 02), ditf reafhhrFELloto ftdvan% dibeophobi c anth tint id it ssbl.ohi orf
filmon the side surface of the optical elenment on the substrate's
side of titFPrPRATOPUPIRESS Lydtaat Biingsdwh nbkyblieenéneodi ier .
Herge, the anti-dissolytion filmformed on the side surface of the
opt|§cal ei%erdi £ hgré%t iw-ad%esrsoﬁ’tﬁ?dcﬁf 26% i P¥ havi Hgtan ekeskrent

hydr ophoh d to the anti-dissalution fil
Formog on THe 0 PAEBCE T e TRRTt ap oot e Yo erRe Fod A9t Bhent

whi | e theyantisdissel 4t fi.lon fornmed on the surface on the
substrate's siode o? tﬂelrg%tri cla “elenent is the 25anti-dissolution

filmhaving anrgxcaldent BydiQphiki¢oPefAIIRNGe a5, cQmRArGd. do Lhe

anti-dissolution film “forned on the si surface of opti

el ement . resgcn PO Bl eohe r@Ui de ghha kg ghétzBQ?HerﬁPrB'ﬂ?siégSm
surface of the optical elenent easily to the substrate' s sid ecause

t heo ant i 1di,sanbiuts eaphiblie éemmd of thlkesstde wrsW £a6ge0fpd e ophi cal
el enent is the hydrophobic anti-dissolution film Mreéover, it Is

possi bl eatto afidtonphea spatemietgwedn tderstuaiacagornhichecdthsts alg' §
side of the optical elenent and the substrate constantly with the
liquid béeaused heomtittidhssol ution filmformed on the 10surface on
the substrate's side of the optical elenent is
The projection optical system PL includes a lens
barrel 3 for housing multiple optical'elements such as
15 lenses or optical components formed by processing silica
glass or calcium fluoride. This projection optical
system PL is an image-forming optical system rendered
telecentric on both sides or on one side toward the wafer
W. The pattern image on the reticle R is reduced and
20 projected onto a shot region on the wafer W at given
projection magnification 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 liquid 7 in a space defined with the

wafer W. In other words, this projection exposure
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the hydrophilic anti-dissolution film Meanwhi l e, in the
above-descri bed Enbodinment 5 and the like, the first filmconstructed
as the silicon dioxide (Si02) filmis formed on the transm ssive
optical element 15 by use of the sputtering nmethod. Instead, it is
possible to formthis filmby use of a different dry filmformng
met hod such as the vacuum vapor deposition nethod or the CVD net hod.
Moreover, in the above-described Enbodiment 5 and 20 the |ike, the
silicon dirpdetysSi 82Pritsl phesligniddiametrise ofi mettfdd mnby rdse @b t he
dry filmformng nmethod and the other silicon dioxide (Si02) filmis
f or med a§#ﬁﬁﬂ%ﬁ%bnﬁh9FFﬁﬁb?nu§éRﬁSQHﬁaw&nelémgthoanﬂngonémpdee
Instead, it is possible to formthe magnesium fluoride (MyF2) film as
26t he i rFSSTTEREBY - usERofRe X Qi §CEL PR £EPRSHE emabPRed adnd od tbem
t he siliﬁ?n q#gxide:éSiOZ) filmas the second film by use of the wet
filmfor M HerABE s SLO0 LYRRanyle 16l 34 Hd thd 1ddov 8- akaeei belween
e di nents,. the space, between t surface of the wafer and the

s Sur{%%%dggoFgngﬁ pfu%??dglgnéuF e imeCRbEERLs 5

optical €l emen

| de of | et i gal is filled with the Iiquid,
e 2, RS gRe0nl AL ALEYE U LIRS

f fo 4 d #:h ical f . £l i d
suface. o i it ond e, 00t Leal ety Dode 0 calun Ly e

10Mor €0V @yt tad h Q@Y PYE & MaL-eR 1S JIRESh @5 th%ewéili:gyivp i P luater

above-descri bed embodi ments, the liquid is not Timted only to t
pure watemhidi iis aless Pogsidbeiiapuse anot Pgrgki ayhdnksuwgh as cgdar

oil), which allows transm ssion of the exposure |ight beam and has a
hi gh semiconductor manufacturing plant or the like is used as
the liquid 7. Here, the pure water contains very low
quantity of impurities and is therefore expected to
exhibit a function to clean the surface of the wafer W.
Here, in the course of exposure, only the tip portion on
15 the wafer W side of the optical element 4 out of the
projection optical system PL is configured to contact the
liguid 7. In this way, corrosion and other defects of the
lens barrel 3 made of metal are prevented.
Fig. 25 is a sectional side view for conceptually
20 explaining a structure of the optical element 4, which
protrudes toward the wafer W of the projection optical
system PL used in this embodiment.
As it is apparent from Fig. 25, the optical element
4 is formed by establishing optical contact Dbetween 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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15 refractive index as nuch as possible, and remains stabl e agai nst
t he photoresist with which the projection optical systemand the
surface of the wafer are coated. When a F2 | aser beamis used as the
exposure light beam it is possible to use a fluorinated liquid that
allows 20 transm ssion of the F2 | aser beam Such a fluorinated
liquid may be fluorinated oil or perfluoropol yether (PFPE), for
exanpl e. Moreover, in the above-described enbodi nents, the
opti cal @W?ﬁ#ﬁaD%e@ﬁmbeheﬂﬁmhsenﬁ|SunﬂheDDC|$ﬂIﬂm$d 25imt ehasl ens
shape. However, the shape of the optical element is not limted only
to the | M§Js€f'f%1‘{ob°nmtb&ahp?r§éstemt%s 0 thss sipltlie atlomeobrart B2
optical element of the present invention by formng a filmon a

cal ci um PPUbPRIEIBISH E Qibsheatet 4524 eberengl Asontmat spaceibuiveen
a convenhlo al calciumfluoride lens and the liquid. 5 In addition,

Enbodi merlt &R nkS Euéﬁpwatr?rtr%re&%%piékw é"lhlldml‘ih%o%‘ﬁbﬁ‘grp@ﬁe
te t terf d, bl e t

(T R et L4 '%seléet} F oA SR Toh AP RS R vr £ 4BF BeEner
HFE fil. t nb h

o Che s dSELgorYeI DL %55’?%}3#3 e oaé‘fﬁ%‘jl%ﬁq,g??ﬁpiﬁes

For exam@)&ﬁ:ldatl's%@éﬁ'ﬂelécbcw@f’ége?{w PRLI S0l 0028l AR 2 ORY 2

| ong side of the tip portion 4A to pertform supp recovery 0

liquid. L thas €Rs&ptichs @iéﬁen%5499§§i%EecEQc%ﬁ%afgﬁoEE%eeﬁEQUSt
nozzl es and the intake nozzles vertically so as to effectuate t

supply asdirgooweryieflibe thauhd boghibn7thrizX diregtiopaand Lp the
-X direction. (Enbodi nent 16) 20A projection exposure apparatus is
colff i gur étheaslike. Accordingly, the optical member 202 made of
synthetic silica having high water resistance is provided
for protecting the optical element 4.
When the optical member 202 is retained and fixed
onto the optical element 4 by use of the optical contact,
15 it is necessary to increase bond strength between the
optical element 4 and the optical member 202 so that the
optical member 202 is not misaligned to or detached from
the optical element 4. For this reason, a thin coating
film 203 made of an oxide is formed on a surface of the
20 side of the substrate member 201 of the optical element
4 used for the optical contact. On the other hand, no
coating film is formed on a surface of the side of the
optical member 202 used for the optical contact. As
described above, the bond strength between the substrate

25 member 201 and the optical member 202 of the optical

element 4 is enhanced by interposing the coating film 203
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simlar to Enbodi ment 1 except applying an optical elenent with which
an optical nmenber optically contacts through a film as descri bed

bel ow. As shown in Fig. 1, the projection exposure
apparatus 25of this Enbodi ment 16 applying the step and repeat nethod
includes an illumnation optical system1l for illumnating a reticle

(a mask) R a reticle stage device RST for supporting the reticle R
a wafer stage device for supporting a wafer (a substrate) W a wafer
stage dr ik\Féfq“é‘%/%‘E eria5S EBptaRite memideer \f erarsd aijee deyt teaangetbereby
5 novi ng t@g waf er Wthree-dinensionally, a projection optical system
PL for przo(} ‘cting a pattern inmage forned on the reticle R onto the
wafer W a liqiﬂjﬁd circul ation device for supglyi ng aliquid 7 to a
space between the pfBF&EL ol8pt FR8I R98€ens Prenadht heewmken Wehand a

mai n 10c t 4 _faqr,.co ehensi vely controlling overall
oper at i o%%tg;soét%azy%rlgj@g% f:o% Oéxﬁgﬁctr%’%pﬁﬁizé?&é. membexr of the

i I 1aum nath@n Qpt i t Lphel udes, an ArE exciner | aser as_ an
exposure i g@soﬁ%@?ﬁgng%gi %ﬁﬁalgﬁféig?ﬂétlﬁr %Wi§%$§Flheﬁi el d
stop, a eendgnser alLng; -he Like. An osure light beamIL
consi sting of ul tfavi gllgt(:%%tjlﬁg %gan%é}ﬁ%{lneﬁs gﬁ%é?/% er?@}f}ﬁﬁo?ai%nnm

is emtt @difdr-@pérheglaizgﬁttesoggqe,H@ﬂd d-hen ﬁa%sg(%}?t hé(_)?%g 3%2&%} .

illum nation optical system 1 and thereby i m nat e

i mage previrdedordlithriets e Rediifod BILATsLEghL. 2Q Qﬁ%%”gfhg

through the reticle Ris projected onto an exposure region on

waf er W feated vihata afifeorestit HYrUIBt2 Pig@iecth ORn@Ptd.cal ~system
PL. Here, as the exposure light beamlIL, it is also possibl'e to use

t HE Kr F exeitmert | adloweheam (ttavi sigr ¢ benvayekerginh t0fa 1248 dHdmidhe F2
| aser 26heam (having the wavel ength of 157 mm, the i-line from
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, 1t 1is conceivable that covalent bonding
attributable to hydrogen bonding or dehydrative
condensation occurs when closely attaching these surfaces

25 to each other, which brings about firm bond. Meanwhile,

in terms of the optical element 4 of this embodiment, a
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a nercury |lanp (having the wavel ength of 365 nm, and the I|iKke.

The reticle stage device RST is configured to be capable of adjusting
the position and posture of the reticle Rwhile retaining the reticle
R Specifically, 5 the reticle stage device RST incorporates a
mechani smfor finely noving the reticle Rin an X direction and a Y
direction which are substantially perpendicular to an optical axis AX
of the projection optical systemPL, and in a direction of rotation

around the1oficead faxi $1AXridk0 (Resi.li epeofridel 11 6b8sRi kR tligldTs
of the X direction, the Y direction, and the direction of rotation
are neasUrhed substead t ¢ imentbyr a2 0 Bt £ltthd agiddit ey e ofetemdNaloy
shown) and are controlled by a reticle stage drive system (not

shown) . 1BTHel Wafef etdigexveviceups zondompreddtioo e scappdd e of an

adj usting the position and posture of the wafer w while retaining the
waf er W OFd-dre- notlee e Eeree bh theostqaictaivke thrwet vief és WM if$ ikied
onto a Z staqg 9 by use of a wafer holder, and this Z stage 9 all ows
adj Ust merft® cfPB2iBcdirmdeRdi even ofhamethaf lupriide. in pbeistilon in
a Z direction substantially parallel to the optical axis AX, and a

tilt anglfdTHE =02 SPSHGATgeERETal Ogodi theNt FRE trepagend i s
fixed t Y 10 -and this XY stage 1Q is supported on a base
11 The 25 Aedingb 97 e RRRr s G bRty A hd Vit oF VRoPBERPSI G 1 ne
XY pl ; i b i all llel to anim | ane_ of th

pr olpegtn Eé%hﬁtoop%l?%g ?;ogtn 1Eellrln£igl PI?%"@%Q%Q? Ty a Séjﬁ%a{ %% gﬁééﬁ Gt I wﬁ?‘«?r W

and so O] dFfie PREkELQRS Of thHE %u?sqguea@e iﬂe#nﬁggs AL WX the
direction, the Y direction, and the direction of rotation are

mepsur ed doxtdiaad FimR byzapmwalle ShreQhicl? 1n this way, it is

possible to achieve firm optical contact between the

substrate member 201 and the optical member 202. To be

more precise, the thin coating film 203 made of silicon

dioxide (S1i0;) is uniformly deposited on the substrate

15 member 201 by use of the vacuum vapor deposition method.

Moreover, since the coating £film 203 made of silicon

dioxide is formed on the substrate member 201 made of

calcium fluoride by use of the vacuum vapor deposition

method, it is possible to suppress the occurrence of cracks

20 or the like on the coating film 203. That is, there is

not a large difference between the thermal expansion

coefficient of calcium fluoride and the thermal expansion

coefficient of silicon dioxide. Accordingly, it is

possible to prevent occurrence of cracks or persistence

25 of pressure distortion on the coating film 203 when the

coating film 203 is formed on the heated substrate member
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5 located on the wafer holder and by a wafer |aser interferonmeter 13
configured to supply neasuring light to the novable mrror 12.

The wafer stage drive system 15 is operated in response to a control
signal fromthe nmain control system 10 14, and is capable of noving
the wa fer Wto a target position at appropriate timng while
retaining the posture in a desired condition. The
projection optical systemPL includes a | ens barrel 3 for housing
mul tipl e 2pt iagal el eonenitess s weh At thibe £05 E5r OTc OPL &8 ko BRNMPONEN S
formed by processing silica glass or calciumfluoride. This

proj ect i dreTupe Fehihrsyst eMmBL dies tarl i ynagemfear nbngr Dpd i cak SysteMi s
rendered tel ecentric on both sides or on one side toward the wafer W
The patt eftrnefgen onl t hear ecrakésRars Léedteded tandcc2( projteet &d 1Nt 0
a shot region on the wafer Wat given projection magnification 0 of
1/4 or 1/9C3%Feexdiipie, itthreughe¥de priof kerénneopin calhesyshemmall
Fbrg, this projection opti.cal systemPL constitutes a liquid

i mersi o TPt TP P sy SPEMTS W isetPPRIPREMStAly 25viefi Priag t g

gi ven |i gy grégca sgﬁce efined with the wafer WIln other words,
this projection e%pbsiPere i'Us adopts the liquid i mersion

met hod in order.to \i.rfua shgrten an exposure wayel ength and to

i nprove resolu?ﬁéﬁ.gpnkghgkéfo?gc?¥%hv%§%5s€?ﬁ:%5b%¥5¥u%xﬁiaﬁﬁéng
liquid i ' Lhe liquid7 fills a space between 5

sur f ace g?%%ﬁgpgﬁ %gfﬁﬁgngrffg%§uF Ace s %ﬁF%ﬁﬁfc%fe%Fﬁﬁeﬁtsgown

exposed o e vafer Wiside pf 1hepsgh ehi PNy oPLEcal, sYehem Bl Al
g% 0 Tie R“Snt o

| east during the transfer of the pattern im fhe retrcre

A

; PBOawaf emetbePune Mal gl vk 6 tiitL3a81 bheA¥ah L abhe 4 §ihRALOS, AYANLI tY
surface 0OS1 is prepared by processing calcium fluoride
(CaFy) . Then, as shown in Fig. 27, a 8i0; 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. 1In 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 0S2 is prepared by processing synthetic silica
(Si0;) . 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 0S3 of the

25 coating film 203 on the substrate member 203 and the

optical surface 0S2 of the optical member 202. The optical
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10 sem conductor manufacturing plant or the like is used as the
liquid 7. Here, the pure water contains very |ow quantity of
inpurities 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 Wside of the optical elenment 4 out of
the projection optical systemFL is configured to contact the
liquid?. In this way, corrosion and other defects of the |ens barrel
3 made ofelmtahtadeipr edevitstkd Rigco28ing1g .sectional side view for
conceptually 20 explaining a structure of the optical elenment 4,

whi ch protrudednt ewarchdthet svaé ramidlef otthef armaj &t i @R, Ophicabtsystiem
PL used in this enbodi nent. As it is apparent fromFig. 25,
the opti cBr B2 eféitl 2nj Ehe eruteab byg esitdebbifsta hgi optfiloabr taat @ F,)

bet ween a 25substrate nmenber 201 which is the optical el ement nade of
cal ci um f3T FHEU BARIart ot FERIS tharfiser nedRefordied of ahsubgtratsd
menper made of synthetic silica.ln this projection optical system PL,
onl Y t he OFtTTal  frehberoBpod o thed tR brRrBeSBE foRE -opFheahedl eret 4

contact WRALIE Lach | S pure salel on the LLke L e
PL 1S CoVSraiP i TR The bt I Bat SRenbEA SBo2ohe FRAX CPRE 155 fam atment
\LI].\A‘] i”gﬁei gfipi;%'éﬁ‘;,\ng{ﬁe‘;i'd;‘r%r edennag; Shh@fs 3¢ URLLI Y ol fnt heyLiquid 7
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, anoptical contact surface
of the substrate member 201 and an optical contact surface
of the optical member 202 of the optical element 4 are
attachedand joined to each other without using an adhesive.
15 Then, an experiment described below is carried out to
confirm strength of the optical contact of the optical
element 4 thus formed.
Specifically, optical transmittance (%) at the
wavelength of 193.4 nm is measured with an ultraviolet
20 spectrophotometer to evaluate the optical transmittance
of the optical element 4. Moreover, a tension load test
is carried out by use of a high-precision universal
material testing machine in order to evaluate the strength
cf 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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10 the like. Accordingly, the optical menber 202 nade of synthetic
silica having high water resistance is provided for protecting the
optical elenent 4. When the optical nenber 202 is retai ned and
fixed onto the optical elenent 4 by use of the optical contact, 15
it is necessary to increase bond strength between the optical el enent
4 and the optical nmenber 202 so that the optical nmenber 202 is not

m sal i gned .to aor detached fromthe optical elenment 4. For this
reason, SPTHSFIc$MRPEi #m 2031irnaEher worols de iteedorordlendain
surface g% the 20 sjde of the substrate nenmber 201 of the optical

el enent 4 GseBFEFAHEORT calitopther. ©n tiHee otdwtidahd, cowmtsoat i ng

filmis on a.surface of the side of the optical nenber 202
used forggﬁg%%bﬁkxﬂfhﬁnﬁégﬁg Qé HeSctPREJCaBSVEed Heo IstaiR s r Bagt h

bet ween ; st 5 er, 201 d the optical nenber 202 of the
opti cal E gr’fé%lr%‘? 4ﬁ|g§sn%§%hg%ggd By idrﬁa%‘b% i AF t Re THERAFHYEREI M 2agd

betsween t qgst[atelggnb i, 20 the gptical nenmber 202.

The reast(()n%valzy the bor st?célneét rl?u%g)t%msfeeen o&ﬁecga‘é)satrrjast‘?sn’ner?dé?“?%{ and
the optisabsteriey RORpet the «ieRbLgal el e i4.d Scephanced will
be briefly Sescribed bel ow. As d%ggﬁggeéj%% gg%%&eé% %%P%n?%% 1S

Appl i cat bpapkaicdt @ana@iﬁé?aﬁ@ve@émglgzﬂ-é%ﬁﬂ@d% %Ja%ﬁgeccﬁ%irn

surface roughness of a conposition surface 1s known das a ? hat
af fects thésbanbstrengt henbdhe20pt igal 40 eYHAGlL HAWBLEr 544 is
recently known that a chem cal factor also has an influence in

addi ti ondipethé ysuo frhzeopoiighnessntacthe rase18t dhe sopki calr [oNnt act .
The inventor of the present invention has found out that it is

pd¥si bl e?tBedakance the bondi ng strength between the substrate 15
menber 201 and the optical nmenber 202, which collectively constitute
the opti afPéRefent 4 at the tip of the projection optical system PL,

by contfolTing such a chem caff factor—tmtherconventional—eptica
cont act| anong oxi de Transmittance |Detachment load
(%) (Kgf/cm?)
Example (with sio, 91.5 31.8
layer)
Comparative Example 81.5 10.3
(without Si0; layer)

As it is apparent in Table 9 shown above, the optical
element4lofthisembodiment(Example:withtheSiOzlayer)
has several times as large anti-detachment strength as the

15 optical element of the comparative sample (Comparative
Example: without the Si0, 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 1liguid circulation device



20 optical materials, hydroxyl groups (-OH) exist in high density on
both of the surfaces used for bonding. Accordingly, it is conceivable
t hat coval ent bonding attributable to hydrogen bondi ng or dehydrative
condensati on occurs when closely attaching these surfaces 25to0 each
ot her, which brings about firmbond. Meanwhile, in ternms of the
optical element 4 of this enbodinent, a surface of a fluoride
(CaF2, specifically) constituting the substrate nmenber 201 of the
optical eieFEnied hasinphddensptly ofeviyal dxydndroupsgasdcogpakedyt 0 a
surface of an oxide. Therefore, it is conceivable that it is

di fficul t3%71%¢ obt ai N ¥ raf poREvECEs  Wdre tiHenfldiosipel ysdebdsel B
attached to thg optical penber 202 wi thout any treatnent.

Accor di ngitF 13887 FeP&nto hibént 18R 1Bybr 8890 8 eamame d niorlt sbdwoéd t o
t he corrp%siti on su%f ace bX co:iti ng the fluoride surface of the
substrat & nefper: 2047 Gi CRMERE 1163 ngHd | TR 0Bl kde Bheahianide.
In g¢his it 0ssikl e to _achieve firmoptical contact between
thegsubstr tpei)?mriee‘?l%%l an&utplﬁ)gl(ﬁﬁi e nﬁﬁﬁ‘g’ter?(‘fﬂrer’occb%t%%éed
precise, jt:hg, i hkHn i LLm.203 e of .siljco i oxi.de (Sj02) is
uni f or ni yllrozllglplo{?trherglggr? ‘?ﬁ%é%u es‘l%gea rg% neHbeF D‘E@Iﬁgb eu§épo?éfﬁé°2"
vacuum Vapor iitd reo i t coating
film 203 mdﬁ%ﬁ%%n%@%%eﬁ%h oF dgo%&tgﬁéig%gferg?eaﬁgnﬁgr

201 nmade oofh el € w10 bdg by Mean@hitiRe Vagyu LLLgn
method, it is possible to suppress tnhe loccurre%cgl%?ﬁg?agfgggg%? t he

li ke on tdewicoatd ngclindas?@3tadkator SShd hargis Mok subfL88 pump,
di fference between the thernmal expansion coefficient of calcium
f | Ubri de aard tihiee ltitker malThex fdngiiah reasffd £ efd v O e S§ | # €06V 8 9XEHE.
Accordi ngl_y, It is possible to prevent occurrence of cracks or
persiste wRb{ gy ébsusra de Htedmvtd antbr whtecdbdhdgHd kap2O3r when t he
coating film?203 is forned on the heated substrate nmenber
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 approximately equal to 1.44, and the ArF excimer laser beam

having the wavelength of 193 nm is therefore reduced by

1/n times on the wafer W or is virtually reduced to 134

nm. In this way, it 1is possible to achieve high
resolution.
25 Fig. 3 is a plan view showing positional relations

concerning the X direction among the exhaust nozzle 21la
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201 and then these constituents are cool ed down to a room
tenperature. Incidentally, when a fluoride filmis fornmed on silica,
cracks are likely to occur on the filmbecause there is a |arge
difference in the thermal 5expansi on coefficient (approximtely one
order of difference) therebetween. Fig. 26 to Fig. 29 are
views for briefly explaining a manufacturing process for the optical
el emrent 4 shown in Fi 25. Firstly, as shown in Fig. 26, the

subst r at R4 ot e nbRka g@l’é@?ﬁé@ﬁe@é’@ @ald @3émerft fiagvi ng angd Wy . 4
optical surface 0Sl1 is prepared by processing cal ciumfluoride
(CaF2). ThER, Pigns‘%%\)ﬁ Sifw"iﬁtfgg PPE 1 tal a3 b Nedyadil 43S deoposinreih ot tehe
opti cal réfge 951 whi | %%tlgggthe substrate nmenber 201, thereby
forning t e coa ﬁanfﬁpﬁpfb HQP§WN%Pﬁé§e ?212j angosbebhiatede

prepare t t aV|n the coating film203. In this
case, |t1?§é%g§§|%? tgﬁ%orn1 % n5|ty coatlng film 203 having

a hggh degree gfs gggﬁﬁlﬂqﬁogt@el\éufﬂégt haus rﬂ?% .&%sggof t he

vacuum vapor deposifion net as s Vifife

opt i cal rmteror02: bavi ng gogiye 9ptise oégaf @ﬁetﬁé%sgﬂsegf &g, oY

processing synthetic silica (Si02). Lastly, as shown in

subst r at esgrerben 20handi he tapt beak lramgr o%Ogh@rspgggaﬁhﬁﬁﬁ%n%aCh

other to formthe optical contact between a surface

25coat i ng! fiHim 203 am tdhe) sabstdad aafresﬁ)&uz@ﬁta@ﬁl Hﬂ@ ﬁP&?S@ltlon
surface 052 of the optical nenber 202. The optical elenent 4 is

fini shed caoiciorall rgéytem, and d Bexorahexeit XA A Ob fAR6kGald an,

the optical surface OS/ on the outgoing side of calciumfluoride
(ChF2) constiqat¢dgtihe poutisitamaties nebirber s201 iof tie -optdtakcbiehenent
4 is forned into a planar surface. Further, the substrate materi al
201 i s hdi&FP at it h fiiﬂﬁle ssicamd etlbawati oA 2y evadlim atepod2ei eme and
the coating film=203 is fornmed in a filmthickness of about 10 nm

Meanwhi | €S EF At Dt Rhd Gt SUtRIbeevige Sathyativst £érsitl pod

second supply tubes 21 and 22, respectively. Meanwhile,

a pailr of first intake nozzles 23a having spread tip

16 portions are disposed in the +X direction so as to sandwich

the tip portion 4A of the optical element 4, and a pair

of second intake nozzle 24a having spread tip portions are

disposed in the -X direction. These first and second

intake nozzles 23a and 24a are connected to the liquid

20 recovery device 6 through first and second recovery tubes
23 and 24, respectively.

When the wafer W is moved stepwise in a direction

(the -X direction) of an arrow 25A indicated with a solid

line, the liquid 7 is supplied to the space between the

26 tip portion 4A of the optical element 4 and the wafer W

through the first supply tube 21 and the first exhaust

129



10 substrate is formed into a parallel plate having a thickness of 1
mm Thereafter, an optical contact surface of the substrate nenber
201 and an optical contact surface of the optical nenber 202 of the
optical elenment 4 are attached and joined to each other w thout using
an adhesive. 15 Then, an experinment described belowis carried out to
confirmstrength of the optical contact of the optical elenent 4 thus
f or med. Specifically, optical transmttance (% at the

wavel engtI’rP%ﬁlenglﬂ-nnﬁtstlh‘éasamedt\ivinteh dmeulltirqavi dl Bts@Pplied to
spectrophotoneter to evaluate the optical transmittance of the
optical EEERACL PREVESReEhe & kRoRSirdd Aol aBdthe eptaceriledl emtnhy
use of a hi ggg eci shon uni versal material testing machi ne in order
to eval udt 8"FnEREtY2hGE Y 35 ERECESEECaF haPEdnEb s, SereBd TecoNery
tension load test, tension load is applied in the direction of
tearing ttﬁ%eopzteéllscaﬂdzﬁ%egrew olflgt?]ﬁ% %‘ggé%?ﬁt edfenbeR bhe otheke
opt4 cal e nt .4, _of, | her _words, a tension load in the i
perdpendi gll?] ar’ J‘l’%%%t%%%n‘f%%?ﬁewoﬁfi BBV Lo FEERY 1SR Fidt s AR bhPRe of

the | oad Gons y e_qpti er 202 is.defjined as _a

det achment Ioggp%Sll??(gﬁ?ﬁng)ngg %k%%%urg%ggéno 1 ErpArt 56h, 2 andther
substrat q iFRITberL 2013 Y f Bowt s Lh .ng f lm 2 | repared and a
conparat i vle sanpl}e ils%ogngdl%ygggg?%gﬁ r%é) ttﬁes%}uabcz 'Poa lg""(?r%lrlrb €201

and the eptd Cﬁﬁﬂrﬁbﬁfm%Awg the o ti@iarle%tlleYnetnoc tlf1ear9i)tﬂk?@‘|w§9g£aﬁt'
Results are show in Table 109 beFow. (Tabl e 9)
through the second supply tube 22 and the second exhaust
10 nozzle Z2a. At the same time, the liquid 7 supplied to
the space between the tip portion 4A of the optical element
4 and the wafer W is recovered through the first recovery
tube 23 and the first intake nozzles 23a.
As shown in Fig. 4, a third exhaust nozzle 27a having
15 an elongated tip portion is disposed in the +Y direction
so as to sandwich the tip portion 4A of the optical element
4, and a fourth exhaust nozzle 28a having an elongated tip
portion is disposed in the -Y direction. These third and
fourth exhaust nozzles 27a and 28a are connected to the
20 liguid supply device 5 through third and fourth supply
tubes 27 and 28, respectively. Meanwhile, a pair of third
intake nozzles 2%a 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 29z and
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Transmttance (% Detachnmentl oad (Kgf/cnR) Exanple(w thSi02 |ayer)
91.5 31.8 ConparativeEkExanple (w thout Si02 layer) 91.5 10.3

As it is apparent in Table 9 shown above, the optical elenent 4 of
this enbodi mrent (Exanple: with the Si02 |ayer) has several tines as
| arge anti-detachment strength as the

30a are connected to the liquid recovery device 6 through
third and fourth recovery tubes 29 and 30, respectively.
When the wafer W 1is moved stepwise in the +Y
directions, it is similar to the above-described stepwise
5 movement in the X directions. Specifically, the liquid
7 is discharged from the corresponding nozzle out of the
third and fourth nozzles 27a and 28a by switching the third
and fourth supply tubes 27 and 28. At the same time, the
liquid 7 is aspirated through the corresponding pair of
10 nozzles out of the third and fourth intake nozzles 2%a and
30a by switching the third and fourth recovery tubes 29
and 30.
Here, 1in 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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16 optical elenent of the conparative sanple (Conparative Exanple:
wi thout the Si02 [ayer) concerning the optical contact. It is also
apparent that a loss in light intensity concerning the exposure |ight
wavel ength is al nost equal between these optical elenments. 20Back to
Fig. 1, the liquid circulation device includes a liquid supply
device 5 and a liquid recovery device 6. O these devices, the liquid
supply device 5 includes a tank for the liquid 7, a boosterpunp (not
shown), a teanPé?@W@Iboﬁhﬁomadevcoetrahdsthemﬁkeadﬁusﬂ$qm&dcai
supply device 5 supplies the tenperature-controlled liquid 7 into a
space bePRer it ded WhhPrHEetep PoetvohenfWithe pnsal tekagent
4 through a tube 21 and an exhaust nozzle 2la. Meanwhile, the
liquid r@cSﬁ?E‘EﬁO&e\?F@@aé FRcFaBes be ¥ arfle Jodnime mie@liach iAT 4 Sseotli on

punmp, 1 the |.ike. uid recove device 6 recovers the
I|qU|d 7||1% spé%ggﬁgyﬁg% ﬁbFEFOVﬁéthFh@aﬁﬁﬁ pbrOROAT &V et he

I th h t be 2 d t ak I 23
e 550, REThdger atireiar 1 St Sepied aﬁéz%t%yeeﬁiééaﬁépa :
ci rcul ai kg geyi %onss gﬁ d s 1 %ﬂ%%% N A ok e Taedr geoR0 (e

tenperature 1nsi rnwhich't epm)e

appar at usn@f tHes %IMETP&H 'éfh%‘f{?gtlgﬂr Sfa”PLS b'egefrl gﬁt BYam

refractive index of pure water n relative to an exposur

havi ng atwavereingt in @r auedn2QQ NU; §5a 1 200 aPREOY¥MRLE! ¥ £ ﬁé’ {; %gg )
nu

1.44, and the ArF exciner |aser beam having the wavel engt

i s t her efweichareidticad Byd £ Inkil RS0 oAnghenwal rs tWqer 1'0%14&6&%' E¥e
reduced to 134 nm In this way, it is possible to achieve high

r el ut i wr.fe25Bitgge3dirs vae plyarter aw.shew tgiposihepnahe b St t 088s
concerning the X direction anmong the exhaust nozzle 2la and the
i nt ake néPz|term8a0 and hE3IX ofiFegtitn, artheiy. ddrestdopl,arand evhe
showi ng positional relations concerning the Y direction anong the
exhaust ﬁlé%flcetlzofh ogng ot ot Qlethez7d ber MBaranteashrefd Figh tthe5As

shown in Flg , a first exhaust nozzle 2la having
fer laser interferometer 13.

At the time of exposure, the main control system 14

15 sequentially moves respective shot regions on the wafer

W stepwise to a position of exposure by transmitting a

control signal to the wafer stage drive system 15 and

driving the XY stage 10 with the wafer stage drive system

15. Specifically, an operation for exposing the pattern

20 image of the reticle R onto the wafer W is repeated in
accordance with the step and repeat method.

In the course of the exposure as well as before and

after the exposure, the main control system 14

appropriately operates the liquid circulation device

25 including the liquid supply device 5 and the liquid

recovery device 6, thereby controlling an amount of supply
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an elongated tip portion is disposed in the +X direction so as to
sandwi ch a tip portion 4A of the optical elenment 4 which is an object
| ens of spotlight of the projection optical system and a second
exhaust nozzle 22a having an 10 elongated tip portion is disposed in
the -X direction. These first and second exhaust nozzles 2la and 22a
are connected to the liquid supply device 5 through first and second
supply tubes 21 and 22, respectively. Meanwhile, a pair of first

i ntake no#Erd @ 2Bgurdypiigrsporadyt o p tHE lpepiidnstarei di sprsegaide t he
+X direction so as to sandwich the tip portion 4A of the optical

el enent deturelr palewet sacdord ithtealke ajorzt toR4dep bavhdgsypread pLi p
portions are disposed in the -X direction. These first and second

i ntake ndFA ddo3ptem Dia dbe comrst of rovidrent Ui dhR0medewe iy
device 6 thrqﬂgp first and_second recovery tubes 23 and 24,

respect i NOWD 1n Hhan PhevhdPerhovyafasvldist Bparseing an the
dirgction (the -X direction) .of an arrow 25A indicated wwith a solid

ling, thel PqdicE 792 BT i £F T 258 & OBebRed® Lthe tast 1 hapaet i on
4A of th . Gal el nt, .4 d the fer, Wt hrou the first suppl
tube 21 :]ngﬁﬁjlﬁga]ﬁc?sﬁ%(ﬁa{luestafnl Lidz SE St n&zzt]fﬁa%gzﬁ’rg%ﬂ%}nt F@gp Y
liquid 7 I t space. the ti ortion of the

op'?i cal gﬁg%m;nt%fﬂnaﬁ((}t}?fe g/a%lrlbe&é%g}r?)ec&e/fer% !t%hrrro%hzgﬁe Hetond

[ ecover y 1lady e Nyl BReS8eeBAd NN N107F) £Pe 8425, kNG SRt e, 5

hand, when the wafer Wis noved stepwse in a direction (the +X

directi orrd¥fr &aB AEEAWad6 aidshSoLRE ML lh A FOk i ?fg{;ﬁ%ﬁ% lt!oqE}'Lng I's

supplied to the space between the tip portion 4A o optica

el Enent 4handsgadee viné eweWht hheugh ttike 15 otk SUPP! ¥nd UPRe 222 8R4 frhe
second exhaust 10 nozzle 22a. At the sane tinme, the liquid 7

suppl i ed inothbe @pase dfenorenchhie £ ithepoa feom 4Anaindtret ofFt §68b1y
element 4 and_the wafer Wis recovered through the first recovery
tube 23 ¥dd (Phéstiand ameakentors] escllaryA¥ostioms i wiFtye Bigaithird
exhaust nozzle 27a having
are set equal. Moreover, in order to avoid excessive
or insufficient circulation of the liquid 7, a total amount
15 of the amount of supply Vi and the amount of recovery Vo
of the liquid 7 is adjusted based on a traveling speed v
of the XY stage 10, i.e. the wafer W. For example, the
amount of supply Vi and the amount of recovery Vo of the
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 denotes the
traveling speed (m/s) of the wafer W on the XY stage 10
and d denotes a working distance (m) of the projection

25 optical system PL. The main control system 14 controls

the stepwise movement of the XY stage 10, and is able to
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15 an elongated tip portion is disposed in the +Y direction so as to
sandwi ch the tip portion 4A of the optical elenment 4, and a fourth
exhaust nozzle 28a having an elongated tip portion is disposed in the
-Y direction. These third and fourth exhaust nozzles 27a and 28a are
connected to the 20 liquid supply device 5 through third and fourth
supply tubes 27 and 28, respectively. Meanwhile, a pair of third

i ntake nozzl es 29a having spread tip portions are disposed in the +Y
di recti ofidd &¥et bigaadw/ chn tiiiee tsipe qrobkitore hAtak dpeiepli 6akmehement
4, and a pair of fourth intake nozzle 2530a having spread tip

por ti ons 4ar@Pdi $pSsedafart fe cyngicradtlivoninThése $habdeantt ftour bl

i ntake nozzl es 29a and. 30a are connected to the liquid recovery

devi ce GCPﬁﬁﬂkﬂF%%grEhén&WQRﬂ¥hO?e@@WQ%NtY%eénQQEMﬁjémbunt of
respectiveky. V%gnt%gf wafer Wis noved stepwise in the Y
directi oASEIET% JPniPhr t he I3E6ve! d&SETbeanstidpai $o rBilrmyament
inghe X directions. Specificall the liquid 7 is discharged from

t heé corr ecgﬁtr%ﬁe | nogn%%%%&eo 55]3'(8 8*‘%%’& st%f“f’a'%ﬁ‘ﬁﬂltf Biirtihe oz #itege2¥4 - and

28a b i i -1 hi d,f h ly .tub 27 d 28. At th
saﬁe ¥ii§?lf épg?%E?éEQ:é?éﬁ%ﬁrggggﬁﬂﬁggggﬁlt#EﬁionsggﬂﬁﬂPﬁb Bgire

of 10 nezd tvQf sEhethi ourth,inta ozzl es 29a_and 30a
by swit chi ng;OQ%hI(e:wt\k’l(?rgtfa% %o%?%ﬁﬁgezm%esﬁ yd%g Jégsfgﬁg Srz%’&"fo. 1t is

Her e, i npa@diiyian 4P dhes y2 ; 0. nf L gy supp and
recover Fhe l'iquid 7F;Io;ggfﬁgg§f%§§9%?rzc€?gﬂ %%%H§ﬁ§ §85i520%¥8n as
descri bedpali@sd, diterien @l&0d PSPkt © m&%ﬁ&@@iﬂth@ﬁbé?r2§§p§£y' ng
and recovering the liquid 7 along oblique directions, for exanple.
Baldk to Ehg. tip dhethmi optontioklsystnemildrasd beisg 20aResi { hopseand
posture of the reticle R by transmtting a control signal to the
drive meéhdiiisin i’Tncor poretedinglyhe Léetitée mdagebievi ce RYe aagt

t her eby finely.aning the reticle stage. At this time, the positions
in ternmsCOFIOFEOR dPfedticorepthea¥y diaetnond andl tdemdiyeectn onhef

optical contact with the optical member 202, and thereby
to maintain the performance of the optical element 4 over

15 a long period of time. 1In 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 *X 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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25rotation of the reticle R are neasured with the unillustrated
reticle laser interferoneter. Mor eover, the main control
system 14 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
system 15. Meanwhile, the main control system 14 adjusts the
positions in terms of the X direction, the Y direction, and the
directi o 8f T1o¢ &40 oF 1P RO R @2 1 WSt e Kdsat titd mgow acopbssli biegnal
to the wafer stage drive nmechanjsm 15 and finely noving the XY stage
10 t hrougi* PRECTIGOWEEER 18t B8 H ¥V Edsy sitah s beswadn She pptichd

posi ti pnseli r}ntern%s_ ofdg;?le X direction, the Y direction, and the
di rect i off '} bt at i I & HE & WG WREdd e 4 Wi taneael wdf dhe

| aser in e r + At the tinme_of ,exposure, the majin control
system 1%?51]%%%3%@@%%%?lnos\)'esst‘?%s%gcf'isvée hdt© raRfi bhs? ofife hé Okaf er
W s epwi 5 b Pe position of exposure by transmitting a control signal
to the wafer stage drive system 15 and driving the XY stage 10 with

the wafer staggsdrivve Sy drr PSR ft&lgalal%vear&é)&ﬁ%févjé?gnto |h§

exposing the pattern 20image of the reticle Ronto t r

repeat ed drid REECOL dRANELo vk iRt A atBR uANd £r €RERL e MBL B ent app1ikld the
course of the exposure as well as before and after the expogﬁre, t he

mai n contthel psygeenibh appiepn ayskynopehates ddvead i 9yt Lopeukati on
device 25including the liquid supply device 5 and the |iquid recovery
devi ce 6.eltcherrebyt hentingl high eptagelunt rehshtipRlYice, which system

10 is obtained by firmly joining the optical element 4 to the
optical member 202 by the excellent optical contact. 1In
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 fluoride (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 (Al,03) and the like instead of silicon dioxide (Si0;)

depending on the wavelength used therein. Here, the
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and an anount of recovery of the liquid 7 to fill the space between a
| ower end of the projection optical system PL 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 direction along the arrow 25A, for

exanple, the liquid 7 supplied fromthe first exhaust nozzle 2la
flows in the direction (the -X direction) of an arrow 25A and is
recovered by the second intake nozzles 23a and 23b. In order to

mai nt ai Ncaatdnsi &Atlnapoeni s afot he ol 1 & of at Q:Lifl!gttle 1gyterlef§@ﬂt0§nd
bet ween the optical element 4 and the wafer Win the Course of

novenent i6f iheawaberpd¥sanlanont fokmsutd yc¥at(imfy s¥iand s agpunt
of recovery Vo (nB8/s) of the liquid 7 are set equal. Mreover, in
order todapeisd texeessiwe ovri nsoféi cdelt eciemtul atyipss ofot hefillqslt d 7,
a total amount 15 of the amount of supply Vi and the anount of
recoveryNV8QﬂtHQk?$$qu1@ ¥simoadjibdeedobdseth em axidwelihy sperd v
of the XY sta i.e. the wafer W For exanple, the anmount of

Bply VPSasd Hﬁ?%ﬂﬁ&ﬁ%léﬁ rECEPer PR IOs hel bvaui-d 7 are
calculated byéihe follomnng formula 1. 20Vi= Vo= D.v.d(1)
Here, D denot 53R HPAAEr ef (%3r6¥“tﬁétﬁFﬁaﬂoP¢|Bhe4%9%¥C@hén@®b¢Eal

whj | e es the traveling speed (ms) of the

| t t

\j/a]?rerfnwgﬂthel %%tgaési%qo d¥ WBRorEPPR Mot km@tlﬁet a’ﬁce'“(hic%f
th t PL..Th trol

(he Brol g asenil al. Systen By Tie imie st ol systen e,
{11 thechiaupds Lannbfipes0ase he vesnf%tlﬁeapt alosleneny 4 and, e

waf er Wconstantly in the sta tate calc Yafrouht  of

suppl y Vieiand otthe :anisy @f o % 860VREY oYP. 82 the '1'1%! %n taﬁasﬁﬁ& De t he

formula 1 5 corresponding to the stepw se novenent of stage

10. By cenft Falldrigiaamduis s obrsuprl M iMe .and the anount of recovery Vo
of the liquid 7 as described above, it is possible to prevent the

liquid 7 fromMeakingleut tafe tsheipapt ical tiet eseBt tard o eguentot he
optical nmenber 202 at 10the tip of the optical elenent 4 from being
soaked i antdhéhe 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 (S102) 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
ionbeamassistedvapordepositionnwthod,thegascluster
ion beam assisted vapor deposition method, the ionplating

25 method, the ion beam sputtering method, the magnetron

sputtering method, the bias sputtering methocd, the ECR
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liquid 7. Accordingly, it is possible to prevent corrosion of the
optical elenment 4 and damage on the optical contact with the optica
menber 202, and thereby to nmaintain the performance of the optical

el enent 4 over 16 a long period of tine. In other words, it is
possi ble to reduce the frequency of replacenent of the optical

el ement 4 and to maintain high throughput in the exposure process on
the wafer W Eventually, it is possible to efficiently manufacture

end prodspts tiem iliggheqtald t yehe? @Fhe pharegoi ity it At n el atgs to
the case of noving the wafer Win the X directions. It is also

possi bl eCYD mathbdj nthhep basuateohatbed CUDifle 7Thbat Weea the wpiisal

el emrent 4 and the wafer Wstably by performng simlar control in the
case of @8I ngthleel.wafer Win the 25Y directions as well. Here, it is
preferable to adjust the working distance d of the projection
optical systerFUEsH¥ r obhspodsialylaqda lmedeeenothet &ilp tolver Hiani 4R 7
stably between the optical elenent 4 and the wafer W The worki ng

di St ance®d bRet RRtpSGle@lidiedpt 4 cardsiBeeriiFEaice ot tthe atrolrr 20 mm

for Sexapple. . As it IS apparent fromthe above description
Lhe proj BBt TBRERDSshre LEbpHiiteToT LA ol WA &BPACStae
proj ection tical, system.PL incorporating the optical elenent 4
havi ng h?%ﬁggsgrcéﬂ:t%lﬁﬁﬁﬁ?aﬁ8§?4§%%ﬁF€y§P§ﬁ4%?q% bBEailnet by
firmy j?é?%@ﬁlﬁ@£j99ﬁh¥@i $iggﬁg£c% to the optical nenber 202 by the
excel | ent opti cal contact; Tn s wdy, it is possible to performthe

I G per f o1 nance VAT bR et on” of T LA LNOUGR TR prERRnt

hi gh perfornmance over ong period e present

i ngent i ognbagikeer dasd i begiia ter o0 i Fhodi JEDL 16, il 15, 10 be
noted that the present invention is not limted only to this

Enbodi mewdtd6. Fot exaaphke,passisnethe aBkevhalodfs bRe URSIiALSs
menber 201 of the optical elenent 4, it is possible to use barium
(such as cedar o0il), which allow transmission of the
exposure light beam and remain stable against the
photoresist with which the projection optical system and
15 the surface of the wafer were coated. Here, when a F, laser
beam is used as the exposure light beam, it is possible
to use a fluorinated liguid that allows transmission of
the F; laser beam as the liquid 7. Such a fluorinated
‘ligquid may be fluorinated oil or perfluoropolyether (PFPE),

20 for example.

Moreover, the layout and the number of the nozzles
and the like in this embodiment are shown merely as an
example. It is therefore possible to change the layout
and the number of the nozzles as appropriate so as to

25 correspond to the size, the traveling speed, and other

factors of the wafer W.



20 fluoride (BaF2), magnesium fluoride (MyF2), and the like instead
of calciumfluoride depending on the wavel ength used therein.
Meanwhi l e, as for the material of the coating film 203 of the optical
elenent 4, it is possible to use al um num 250xi de (Al 203) and the

| i ke instead of silicon dioxide (Si02) depending on the wavel ength
used therein. Here, the coating film203 is not limted to a
single-layer filmand it is also possible to formthe coating film
203 by deffsbedimgebwoldn nore different types of filns. Neverthel ess,
it is possible to forman oxide filmsuch 5as silicon dioxide as the
out er nost | ayeNext, a prdpaonhbhecxpeshor thpamatersi af Dfbbhemept cal
menber 202, it is possible to use sapphire instead of silica

dependi ng orvit bk Rivés ealihedsed thhaedierenar dthli thens ctmepepyiical
menber 202 may be forned bg depositing a thin 10filmof silicon

di oxi de (‘é‘%?%/n%? -t el ¥t kel ohSadshrPace véleW |9l Ry gt abewer phet
Iikg. Meanwhi | e, the shapes of the substrate nmenber 201 and
the’ opti & Fehb&F 562 °0F QMBI OpLi SHIStaTend, 4thee THeiuld nFrBERlthose
described, in this enbodjoent. For 15 ex |l e, 1the surfaces of the
subst r at gderyel %rg'zogl?%n TaHg Yo FFFOYI T r¥’plcz%)zé'ar%nﬁjml:h?i hi-k&dofo

haying & 4R eFy oLl Ure P AR B arer TRt Eh8 SnBBL RaRE. ¢ hEe
silicon diqdde,d-scan method according to Embodiment 17. It is
to be noted that an XYZ orthogonal coordinate system as
10 illustrated in Fig. 1 will be set up in the following
explanation, and positional relations of respective
members will be described with reference to this XYZ
orthogonal coordinate system. In terms of the XYZ
orthogonal coordinate system, an X axis and a Y axis are
15 set parallel to & wafer W while a Z axis is set in the
orthogonal direction to thewafer W. In the XYZ orthogonal
coordinate system in the drawing, an XY plane is actually
set to a parallel plane to a horizontal plane while the
Z axis is set in the vertical direction. Moreover, in the
20 description concerning Fig. 30, constituents of this
embodiment which are identical to those in the projection
exposure apparatus of Embodiment 1 are designated by the

same reference numerals.
In this projection exposure apparatus, a

25 transmissive optical element 32 at the bottomend of a 1lens

barrel 3A of the projection optical system PLA includes

138



20 (Si02) filmis formed on the substrate nmenber 201 by use of the
vacuum vapor deposition nethod. Instead, it is possible to use other
filmformng nmethods including the ion beam assi sted vapor deposition
nmet hod, the gas cluster ion beam assi sted vapor deposition mnethod,
the ion plating 25met hod, the ion beam sputtering nethod, the
magnetron sputtering nmethod, the bias sputtering nethod, the ECR
sputtering nethod, the RF sputtering nmethod, the thermal CVD nethod,
t he pl as fat eRRaeHo T3 Arehd¢h aact&diecepﬂdtmtcca[):aethndleﬁmvhﬁg,
the cl earance between the tip portion 4A 5 of the optical elenment 4
and the Surfoic®lGidinelwafer Wi $hentY rélyetklibed (W tottecdnyging 7
in this enbodinent. Instead, it is also possible to interpose the
liquid pﬁlﬂﬁeaﬂqjypri‘)n t"‘mjsl%l e&aHde ARtfiough paFeswater Perisefioas
the liquid 7 i.n this nmbodi pent,. the liquid is not limted only

to the pﬁr‘:@r\ﬁﬁtnegr eXF’tOSiUsreal s&tpbasithiee of ﬁgén%?éﬁgo%épaﬁﬁéle |P@EFds
h | whi_ch al t f th | i ght
bt and TemPa treH l“*agqa. P & OfﬁsEﬁ%}%réfﬁO@t S i i deetod
roj ect A% .Oof 1 .
(F:)oajt ed. I %grgmé ng$1¥§ x}géjs e‘gr#%rbgl useg1 Jtahte%’(posl?rwet\lﬁ{eg’fﬂ’p
beam it b%ta%slﬁze 619 @1%@ ﬁ%%éyow' e%%d | Wﬂ‘é *?eatr &f"g not

transn133|on of the F2 | aser beam as the |qU| Stch rinated

liquid mayohe)f buekienat e 0id -WdP?éE'tH@hOPQHﬁEH ba% 4;?@3'§)ec1?9$ﬁ9
exanpl e. Mor eover, the |layout and the nunber of the nozz

and the bitke bpethi ¥, cohediaEat Brer SHOWS IRIEhY B8 B EXIPhe (ot 1S
t herefore possible to change the | ayout and the nunber of the nozzles
asl@appr opni &he sB dsreot2badr bgsperdofothbex¥i 2eageheot savel dpged
speed, and ot her
of BV (B denotes the projection magnitude) synchronously,
with respect to the projection optical system PLA. Then,
after completing exposure on one shot region, the next shot
region moves to a scanning start position by moving the
15 wafer W stepwise. Thereafter, the respective shot
regions are sequentially subjected to exposure in
accordance with the step-and-scan method.
This embodiment applies the transmissive optical
element 32 which is similar to the transmissive element
20 4 (see Fig. 2) used in Embodiment 1. Specifically, the
base material of the transmissive optical element 32 is
made of calcium fluoride, and crystal orientation of the
film forming surface of the calcium fluoride element is
defined as the (111) plane. Moreover, the magnesium

25 fluoride (MgF,;) film F1 and the silicon dioxide (810;) film

F2 collectively serving as the anti-dissolution film are
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factors of the wafer W (Enbodi ment 17) Next, a projection
exposure apparatus of Enbodi ment 17 will be described wth reference
to the acconpanying drawings. Fig. 30 is a front view showi ng a | ower
part 5 of a projection optical system PLA the liquid supply device
5, the liquid recovery device 6, and the |ike of the projection
exposure apparatus applying the step-and-scan nethod according to.
Enbodinent 17. It is to be noted that an XYZ orthogonal coordinate
syst em aformeq |3tusthatiele iPOFE§on13@Rl bnbehsevatipri W sheef olfl anieng
expl anation, and positional relations of respective nenbers will be
descri bedd@ntHntes by et i 6athe selxyzto?2 hoyortdle pootdiomawbesystem | n
ternms of the XYZ arthogonal coordinate system an X axis and a Y axis

are 15 SBPPHET 11910 Re st etheiRihe By 2sexipd thesvacipm Hapor

ort hogon direction tq.the wafer | n.the XYZ orthogonal coordinate
systen1i?%ﬁﬂf%ﬁ%ﬂ?n&é&ﬁ?&%’pFngﬁglEt?ﬁmIﬁb%eﬁlﬁécéﬁxﬁ59¥éﬁe

pl ahe to a.honi | .pl ane. whi | e Z axis is set_in the vertica

di ?ﬂcti on(.%lll@%l)eé\(}eq%{? Elfl 1 efoﬁlﬁege%g?irﬁtoino Yo O rdh n’%‘?ﬁi getzplim
consti t uenf,s, 9fq thd sp6gbodi ment which are identical to those in the
proj ection exposure apparatus of Enbodi ment | are designated by the

f j | . , : ’
sane re erenceM@HHﬁh@ﬁ%y ﬂﬂg"éﬁﬂeéfﬁﬁ'?@%%p%ﬁﬂ%ﬁ%SPSQﬁiPssgrv%ggre

25transmi ssive optical elenment 32 at the botftomen a lens

3A of thesprajeestian apkiicali system HhAei NE! Udescha1ip A9LLLPEL32A
which is reduced into a rectangle having a longitudinal edge In the Y

directi oms(@ahroaddeAIUMG in st 0Ny PiLhe | eavbPleQNbY & HLSESSaNY
part for scanning exposure. At the time of scanni ng exposure, part
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 (8i0O;) 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-dissoclution film is formed on the surface of themetal
anti-dissolution film (the anti-dissolution film) F5 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 egual to
or below 2 ppt and packing density equal to or above 95%.
Moreover, mean reflectance of the anti-dissolution films

25 Fl to F3 formed on the tip portion 32A of the transmissive

optical element 32 is equal to or below 2% when an exit
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5 of .a pattern inmage of a reticle (not shown) is projected on a

rect angul ar exposure region immediately below the tip portion 32A on
the wafer Wside. Wien the reticle (not shown) travels in the -X
direction (or in the +X direction) at a speed V, the wafer Wtravels
in the +X direction (or 10 in the -X direction) by use of the Xl
stage 10 at a speed of 0.V (13 denotes the projection nmagnitude )
synchronouslﬁé Wth respect to the projection optical system PLA
Then, af t26¥9 konpf et hrgesppssure bighonebshnt isegiedn,td o nex§rshst
region noves to a scanning start position by noving the 15 wafer W
st epwi se. -Ther éBFt i quide inaepsdon aedhord riegrdss apeliequent takky
subj ected to exposure_in accordance with the step-and-scan nethod.
This enbdth neBp| § dsafheiptaagnites Bad ashiment ©l erfertoB@imbilgh i s

S e A SR (0 D D
of it at FOR BT n? (17 FOPrFHG L8 Ale ‘G (16 walt 4 FhloppEse
o511 uor i G (VGED) 1) R °Ghd " NEULH PG o R S009hT | s
{7p por t1'on 358 o Che GArEr Wi de’ SF RGN 1ansht ESRe@ O 1 baf o

el ement 32rHrid@ HYrtkanowhens t X0 i Rasses, t hrough,
by use o?ﬁihe vacuun?vapor de?ﬁ?ﬁﬁ?ﬁﬁﬁﬁgt ggﬁlkn@%§a$$33ﬁ1aé€69ﬂg
silicon diiepdide S{& 08yl bemik? i farsmd-theeegn by use of the wet
filmform ng method. Meanwhil e, the tantalum (Ta) filmF5 (F4)
setvi ng as theFigt a1 ant a- di ssad Wb ORgTid 61 £ Woheh 2 59t f BAStARHSgas
the adhesion reinforcing filnm is forned on a tapered 10 surface 32B
of the ttasssivsdace opthedirlperentoB32hrarad pord itdp ovhed estibLace
exposure |ight does not pass through, by use of the sputtering

met hod. PRBadeht itbe, wakesi Hi cordeadi oxFdéheSi 023 n Sink msEF es envi iga AS
the protective filmfor the netal anti-dissolution film/(the
protecti\?éef“ianﬁf%? 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 21lc located
on the +X side of the tip portion 32A and the tapered surface
32B, which have the elongated rectangular shapes in the
Y direction, are connected to the liquid supply device 5
20 through the supply tube 21. Moreover, three exhaust
nozzles 22a to 22¢ located on the -X side of the tip portion
32A and the tapered surface 32B are connected to the liquid
supply device 5 through the supply tube 22. Meanwhile,
as shown in Fig. 31, two intake nozzles 23a and 23b located
25 on the ~X side of the tipportion 32A and the tapered surface

32B are connected to the liquid recovery device 6 through
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15 the anti-dissolution film for protecting the netal
anti-dissolution filmis formed on the surface of the netal
anti-dissolution film(the anti-dissolution filn) F5 by the wet film
form ng nethod sinultaneously with formation of the silicon dioxide
(Si02) filmF3. Here, the metal 20 anti-dissolution film(the
anti-dissolution film F5 to be formed on the tapered surface 32B of
the transm ssive optical elenent 32 has solubility to pure water
equal to e B arv or pptulaad2 packndgtdensitykequakziesor 4abave 9%%
Mor eover, nean reflectance of the anti-dissolution filns 25F to F3
formed orladRteqd prpbheitghs2da of tﬂnleetwmsnhm ¥eRoptd tale ehpaent 32
is equal to or bel ow 2% when an exit an | e of the exposure |ight beam
is set tGHFHeYrees. are connggged &@ dFhiemerstioh mrediver ysdavige
applied t thhl S rrbgg ment 17 as simlar to Enbodi nent 1.

Accordin yt R EJE] e7r1elclolvsert3het%tb%c% bet ween the transm ssive
optical 6 el egent, %%e q urface of the wafer Win the course of
scanni ng exposure. Pure W elf s*BsBAVEE fRe d SGERPIRY l\ﬁﬂ"é%‘&%%on
supply a cQV q|d7 re perforned by use t

li qui d Str}%p}){ee eg%g% 102 f g Fiyui rerg(gv%?glg‘gé’ﬁ%l?e al650 d Mfne

P s R e e

t he surface he tip portion tapere surfat

waf er W siedg)cofs thep b1 aBsm asi e Ry el £ a3<.2e'r£‘e Jaé«‘en th
proj ection optical system PLA an exhaust nozzl S as as Intake

nozzl es admf p@urtacht (32A15§WIéIQ|lya@n@héeﬁaﬁeEethuE'leé'edBEB' Brt PR X
direction. As shown in Fig. 31, three exhaust nozzles 2la to 21c

| ottt ed drretrisen 96 svdeoptithe kilpmeart iamn 32A tan dhee £ aperieebsynf ace
32B, which have the el ongated rectangul ar shapes in the Y direction,
are connédteedupp livheubeqril érsupplyezlieriisé o 20t &g Aligh tiche1 supptyet ube
21. Moreover, three exhaust nozzles 22a to 22c |ocated on the -X side
of the ti g%ﬁummﬁ@evh@etém@@vsnsfme B28uade7comnicheist o
the Iiquid supplal device 5 through the supply tube 22. Meanwhile, as
shown i nSEPRLIFC FHEM| fteke Ho2EH e§UPBA varfiP Viste | Bchedhe 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 ligquid 7.

20 On the other hand, when the wafer W is moved in a
direction (the +X direction) of an arrow indicated with
a chain double~dashed line for performing the scanning
exposure, the liquid supply device 5 supplies the liquid
7 to the space between the tip portion 32A of the

25 transmissive optical element 32 and the wafer W through

the supply tube 22 and the exhaust nozzles 22a to 22¢c. The
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250n the -X side of the tip portion 32A and the tapered surface 32B
are connected to the liquid recovery device 6 through the recovery
tube 23, 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 device 6 through the recovery tube 24. 5Wen the
wafer Wis noved in a scanning direction (the -X direction) of an
arrow indi.cated with a sol.id for erforningéthe scanni ng

i
exposur e, thHe i%ﬁﬁﬁvg5§p9§vaéé?gerﬁcggﬁﬁﬁi§§et AQiigui’d FPhieht he
o e rOT e EBrb i LAEEeS Rl 5o ot Ehe Pndror NG 1 FPSGE
th | . h | 21 21c. The |iquid
Focovery e Eon g0 1o FLIBHE 2 ROER A RRE (R b8 S o FatupbarnEne
i qui d ey the ti ti qn, 32A
well as ERE YRoEY G8a2 18 HR8 B e D LB e SR ek cnan

recpvery tihe Z3sandchle jiinfiake ﬂ%f&@ﬁegﬁat nd 234, Iwm%eirgggatég,e

the liquid 7 flows on the wafer Wint -X direction, _
space betieesct hen} r abeAS) VEhOPkitde &) &FBOLN321and: thigsyafer LW is

filled wth the liquid 7. 200n the other hand, when the water Wis
noved i noptdicelkilemdtthe 2ndivtaciher) Wi sani BLEaW i tliceat edqwk ih
7.
In the meantime, the amount of supply Vi (m®/s) and
10 - the amount of recovery Vo (m’/s) of the liquid 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
of 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 liquid 7 is supplied and recovered along
the Y direction in accordance with the same method as that
of Embodiment 1.

25 Fig. 32 is a view showing positional relations among

the tip portion 32A of the transmissive optical element
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a chain doubl e-dashed line for perform ng the scanni ng exposure, the
liquid supply device 5 supplies the liquid 7 to the space between
the tip portion 32A of the 25transm ssive optical elenent 32 and the
waf er Wthrough the supply tube 22 and t he exhaust nozzles 22a to
22c. The liquid recovery device 6 recovers the 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 tube 24 and the

i ntake nd2zlies Pha anbPAbtidn optiisl cagerteimherld guiadd? 4:006s0N

the wafer Win the +X direction, whereby the space between the
transn sspve les ecalvedllegenin82kandothéewatertiéis ditdetdivnt h Ake
liquid 7. In the neantine, the anount of supply Vi (nB/s)
and 10t héhawduidm dtigect¥eryhao (he/ spfefr Whe sl imquied % tarmer o cith at ed
by the followng formula 2. (Fornula 2) Vi= Vo= DSY.v.d
the non=scanning direction (the -Y direction) orthogonal
5 to the scanning direction, the liquid 7 is supplied and
recovered by use of an exhaust nozzle 27a and intake
nozzles 2%a and 29 which are arranged in the Y direction.
On the other hand, when the wafer W is moved stepwise in
the +Y direction, the liquid 7 is supplied and recovered
10 by use of an exhaust nozzle 28a and intake nozzles 30a and
30b which are arranged in the Y direction. 1In 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 Embecdiment 1, the ligquid 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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Here, DSY denotes the length (m of the tip portion 15 3211/2 of the
optical elenent 32 in the X direction. Since DSY is preset, the
liquid 7 always fills the space between the optical elenent 32 and
the wafer Wstably in the course of scanning exposure by cal cul ating
and adjusting the anmount of supply Vi (nB/s) and the anount of
recovery Vo 20(n8/s) of the liquid 7 based on the fornula 2.
Meanwhi | e, when the wafer Wis noved stepwise in the Y direction, the
liquid 7 is supperédismd Inbcdveiedpasengleheopkventidissdlution
accordance with the same nethod as that of Enmbodinent 1. 25Fig. 32 is
a vi ew sRéwHf peRFirahale ranent ohs &dvngf ihett bpaper thicorr 894 1tBeof
the transm ssive optical elenment 32 in the projection optical system
PLA, and2&aifsts $obuFesnad gt | 1as fpamaKke aozihes s fialme Yof the
direction. ,As shown in Fig. 32, when the wafer Wis noved stepwi se in
t he non-??&ﬁﬁ?ﬁg g&ﬁ&ﬁﬁqﬂ1(t@ﬂ?§%5%¥?ecﬂ$6h)O@ﬁﬂﬁ@ﬁonaﬂegemﬁ t he
scanning. direction,. the lLiquid 7 is suypplied and_recqvered by use of
an%gxhauggeﬁgggf% f?ﬁmbﬁ&%%ﬁ%ﬂép%df}%§§ %égué To9p 1R EReafrace
arrangedy.i | LGt i n. t t her_ hand,. when t he fer Wis
noved stgg\r}}viwtse%q} ;Eht écq%\(lp iqfrtel(%]rll 00% ttci"nee G lioﬁqso%hjp‘f)?%{\g%lyﬁﬁam

recover ednto 1 Ush Of - 20 eXNAUSE gQéﬁ'l% 283 gnd nio{l{n%keecé‘s?szaﬂrﬁgg’oa

and 30b which are arranged in the rreétion. 7 In i's  case,

amount ok epuRRlY tWe 6BBASh128d b2 AR, Bft T\ECRLEY VO S0BL5) 1 of

the liquid 7 are calculated by the follow ng ffornula 3. 15(Fornula 3)
Vi = Vo= B8Xmaithtain higlrenhrbfienotes the kapgkhireNafatdeytip

portion 32A of the optical elenment 32 in the Y direction. As simlar
t dlOEnbodMpeRrto v r t hiet |iguidt Tneoatsanqusloy sftidd $perations of the
exposure apparatus in order to replace the corroded
optical element, and it is thereby possible to manufacture
end products efficiently. In addition, the optical
element does not dissolve in the liquid and it is thereby
16 possible to maintain the optical performance of the
projection optical system. Hence it 1is possible to
stabilize the quality of the manufactured end products and

to continue exposure in the optimal condition.

Moreover, according to the projecticon exposure
20 apparatus of this Embodiment 17, the metal
anti-dissolution film that also functions as the adhesion
reinforcing film is formed on the tapered surface 32B of
the ftransmissive optical element 32 on the wafer W side
of the projec;tion optical system PLA. Therefore, it is

25 possible to attach themetal anti~dissolution filmclosely

to the transmissive optical element 32. Meanwhile, since
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20 the space between the optical elenent 32 and the wafer W even in
t he course of stepw se novenent in the X direction, by adjusting the
anmount of supply of the Liquid 7 in response to the traveling speed v
of the wafer W The projection exposure apparatus of this Enmbodi ment
2517 exerts simlar operations and effects to that of Enbodi nent 1.
Specifically, it is possible to prevent dissolution of the optical
element in the first place because the anti-dissolution filmis
formed ofrbenédirderddxide 6piPehl felmnkntfoThedebor thet herbptiecal
el ement is tﬁ)%)revented fromdissolving in the liquid filling the
space beffeemt hBetrp Fartd ohl oF oL RéipRojidcit onibptiiscato skl ben and

t he substrate. ﬁAs aresult, it is not necessary to replace the
optical EFEVEHT rP¥GRERt PY &M i30T Pesaibra tia desn i i om ghilm

t hr oughp f exposur.e _appar.atus. 10 eover, it is not
necessar ;{tatng ns# gg)woﬁggfgtsilc?r% ngs Jtsht@ré&%@ﬂi;r\/g[hfﬁ&}ryattﬁsp?: Rt6Fderheo
rep ace cor e i el e . a it I1s thereby possible to
ma?uf act%Jn:égaeln(?rrgérjlog%%fp%bgﬁzllgilne%?{i&’ I?l‘%ae(f I%OII(.)%', %the}'/%pgf?%%fbfe

el enent dges alvaigsolyeinpLhe dd quid andyit Jd.s thergby lppossible

to maintain the optical performance of the projection optical SyStem

Hence it tirsn3esisd $ @e top tst @bl lei128nd:1e 39Ul itne ‘i}‘iqﬁﬂ% H%Q&‘EQP%ESQ end
n

products and to continue exposure in the optinmal ‘condition. reover,

accor di npetroreehe o] satriferk eXPOSHhe wdEAPPAr ghHs t@fe thi s &opogdi ment
17, the netal anti-dissolution filmthat also functions as the

adhesi onopéiinfadr ciymt ém | PlAs &ndnedeerbiyhe of aparath surflas o 2B:0f the
transm ssive optical elenment 32 on the wafer Wside of the projection
optd cal p¢stfonmRice Thef ef the, proisc25passioptd dal atdwshen heppet al
anti-dissolution filmclosely
Moreover, it is possible to maintain the performance of
the exposure apparatus because the transmissive optical
element 32 does not dissolve in the liquid 7. 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 exposure
apparatus.
(Embodiments 18 to 31)
Projection exposure apparatuses of Embodiments 18
20 to 31 are configured as similar to Embodiment 17 except
that the transmissive optical elements 4 used in
Embodiments 2 to 15 are respectively applied as the
transmissive optical elements 32.
The projection exposure apparatuses of Embodiments

25 18 to 31, which respectively have the above-described

configuration, exert similar operations and effects to
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to the transm ssive optical elenent 32. Meanwhile, since the silicon
dioxide (Si02) filmis fornmed on the surface of the netal
anti-dissolution film it is possible to prevent damage on the soft
nmetal anti-dissolution filmhaving | ow abrasion resistance and
thereby to protect the 5 netal anti-dissolution film Therefore, it
is possible to prevent infiltration to and corrosion of the

transm ssive optical element 32 by the liquid 7 interposed between
the surf atesef dheEnadeimbhand 2t e WD) ecéspBcORkieqal. System PLA, and
thereby to maintain the optical 10 performance of the projection
optical dygsbediment M2eover, it is possible to maintain the
performance of the exposure apparatus because the transm ssive
optical element BZcdeesd st ekpsslive iapndmtusuid Eonfiqdoedian, it
is not necessary to replace the transm ssive optical 15 elenent 32

f r equent Py M1t13dr et Br £EMPedigepssst bl €xaentai apaily iighathrapghpal of

t he proj e;ti on e>l§P,o ure apparatus.  (Enbodiments 18 to 31) Projection
exg’osuree GP&Et slé_gl P EMRE nREsCc2d nepbeg 9ptdcaldonfeepitadtas
simlar Eg Enbodi rrenf%%%g}_ excep& that . the transm ssjive opti cal

[ S

el ements 4°0s€d i R H nent £t R8%re te¥pect Noéry BppFi etihas
exposur 6 AS1a At bs P RFBSG nBRPA 25ES 1 & 31 ENH LT bbpenti viPy
have thecBheugniene’ t9odecal U 4o 0r 1% 12 8LELLERAPE AN OfF 2N
step-and-scan method by partially modifying the
10 projection exposure apparatus of Embodiment 16.
Accordingly, constituents common to those in Embodiment
16 will be designated by the same reference numerals and
duplicate explanations will be omitted herein.
In the projection exposure apparatus of Embodiment
15 32 shown in Fig. 30, the transmissive optical element 32,
which protrudes from the bottom end of the lens barrel 3A
of the projection optical system PLA includes a tip portion
32B, is reduced into a rectangle having a longitudinal edge
in the Y direction (a non-scanning direction) while
20 leaving only a necessary part for scanning exposure. At
the time of scanning exposure, part of a pattern image of
a reticle (not shown) is projected on a rectangular
exposure region immediately below the tip portion 32B.
When the reticle (not shown) travels in the -X direction

25 (or in the +X direction) at the speed V, the wafer W travels

in the +X direction (oxr in the -X direction) by use of the
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t hose of Enbodinents 2 to 15, respectively. (Enbodi ment 32)

A projection exposure apparatus is configured as simlar to

Enbodi nent 17 except applying an optical 5elenent with which an
optical nenber optically contacts through a filmas descri bed bel ow.
Note that the projection exposure apparatus of Enbodi nent 32 is
configured to perform exposure in accordance with the step-and-scan
nmet hod by partially nodifying the 10 projection exposure apparatus of
Enbodi mekfY $6agkcédr ditnghy, spessit bEUBNYS (BalBWR: 9 tHOSSrbfection
Enbodi nent 16 will be designated by the sane reference nunerals and
dupl i cat 82gRpitatiR ) ohgn @R FPnpasdnit Wéd-tharegiard itro tittee priop eettdon
exposure apparatus of Enbodi nent 15 32 shown in Fig. 30, the

transni sSPVe Gpt ioat t R efeht 3Phenni eftprocrupds Fimmm ehreo ot eoanend
of the |ens bgr%el 3A of %gg Ero'ection optical system FLA includes a
tip port PO 32BF F§97-8Fucéds Res fashedt BREFEThAROVRG HOl BngFanaingl

d [ j .' - ' di tion) while 20 | [
oniy o nicat Ryt EE e AT R ARl b S e ihereaflnr ng

exposur erppart sgh ¢ R LRLR kggggngfaQergg&ﬁ%ﬁ%%?;ﬁgfggﬁg%gkgphgotip

projected on a rectangular exposuré fegion

port i on 33BosWten e, eebLake kg SN LEayelgain Lhe ;X digecti on

25(or in the +X direction) at the spe ravel's'in the

+X direction (mheiidhed- Xndbt8ebhons thyguss 91 sLh ?Y t age. fo at
the speed of O0.IT (0 denotes the projection nagﬁ?tﬁ%% Séhg%r%%gﬁsly,

Wi th regBmdoldd Mt [B20jaeCkiiaN 100t itcaknbyiaBBlA ¢ Thehc A d £5g1y,
conpl eti ng exposure on one shot region, the next shot regi on noves to

a dcanni hge bigtacdt 7pHsifisohhbyspavengethecnatre VWBbepyhs€ace of
Thereafter, the respective shot regions are sequentially subjected to
exposur etha aptécddned amamt t3e st@p-ltands sctmcaet iodhe 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 (Si0j)
is uniformly deposited on the substrate member 201 of the
optical element 32 to achieve firm optical contact. 1In
this way, it is possible to protect the substrate member
20 201 made of calcium fluoride against the liguid 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 liguid to and from the space immediately
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The liquid inmersion nethod is also applied to this Enbodi nent 32 as
simlar to Enbodi nent 16. Accordingly, 10 the liquid 7 fills the
space between the | ower surface of the optical elenent 32 and the
surface of the wafer Win the course of scanning exposure. Here, as
simlar to Enbodi ment 16, the optical elenment 32 includes the
substrate nmenber 201 made of calciumfluoride and the 15 opti cal
menber 202 nmade of silica (See Fig. 25). Moyrreover, the thin coating
fil m 203 beddey dfhesigrepactioxni det(9a02)s visk dmidon M yrideposi fgg,00 the
substrate nenber 201 of the optical elenment 32 to achieve firm
optical ocormzsts 2le thixlmadpcatied snpossiHN eitle gf aact ibheosubshr at e
menber 20 201 nade of calciumfluoride against the liquid 7, and

t her eby B@Pe@ignhcemigabedi ty bhethequpﬁlﬁwppﬂxﬂdﬂnléé @nchrough

eventuall durability of the proj ection optical system FLA

F| g. 31 easwa,b ¥s Kot g Ipos Moirsiedie 1 ettt emsednongt 25exhhest 22a
| es i,nt ake nozzl es configured to supply and recover the

i ﬁi d t aﬁ&cf FORAHRE Padds mediiddelsf W dw R opk bpecdRbnare

optical system.P Thr ee exha st nozzles 2la to 21c |l ocated on the
-)-X sid& SP%%Q‘%A'CS E%thrb‘ﬁu% AR ARt ed throngh thai SuRRpEI y

devi 5 h th tube .2 Mo , h t |
Son O8 CSUBSONED WS RURRLE, S sita i hBRE Ts b B SR S ME o e ped ©°

t t hey | t h th | be 22
Tomne: Pon! Pnknox Sl b SURR] ¥4 9HbeR 10d BoRU 0! DGR RERRIG LE! ﬁe
the tip pQikiieNr32Avais, gaRrest adtﬁpoﬁgﬁo ﬂ}}%;ye%eorﬁeg%ft%ezg‘é' C§

t hrough the recovery tube 23, and a’and-24b

| omat ed ewot he tekesindez Ofed ez d idhPards OlrbégfeérgnCQHQeﬁkeglag Lpe
|l iquid recovery device 6 through the recovery tube 24. When t he

waf er W ithembiedpbtr ttie Scanairky cdinmeeiton {d hte Kldiumtﬂém)v@f the
arrow indicated with the solid 15 line for performng the scannlng
exposur edetvhed iquitdrsuphl yhdevieceversuppibes2the liquid 7 to the
space between the tip portion 32A of the optical elenent 32 and the
waf er Wt hr oughhehet Baippd Yer ubel 2 mearat tie téveh @rsin miorg | deisr &dai do

21c. The liquid recovery device 6 recovers the |iquid
{the -X direction) of the arrow indicated with the solid

15 line for performing the scanning exposure, the liquid
supply device 5 supplies the liquid 7 to the space between
the tip portion 32A of the optical element 32 and the wafer
W through the supply tube 21 and the exhaust nozzles 21a
to 21c. The liquid recovery device 6 recovers the liguid

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 f£flows on
the wafer W in the -X direction, whereby the space between
the optical element 32 and the wafer W is constantly filled

25 with the liguid 7.

On the other hand, when the wafer W is moved in the
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20 7 retained in the space between the tip portion 32A and the wafer
Wthrough the recovery tube 23 and the intake nozzles 23a and 23b. In
this case, the liquid 7 flows on the wafer Win the -X direction,
wher eby the space between the optical elenent 32 and the wafer Wis
constantly filled 25with the liquid 7. On the other hand, when the
wafer Wis noved in the direction (the +X direction) of the arrow
indicated with the chai n doubl e-dashed Iine for performng the
scanni ng déxprosiuren  ttiee |4 idr suphby) defi tiee S stppl iesi theaki quid 7
to the space between the tip portion 32A of the optical 5 elenment 32
and t he Waéfeerche/itrh dowdh &-ia shuppl it ebio 2> antb thengxtiagss c A0ZZhes
22a to 22c. The liquid recovery device 6 recovers the liquid 7

r et ai ned S¥P A Spddee blet gkt IHeP iy pipoiceoh B2 hhdst heewhf quiV

t hr ough the recovery tube 24 and the intake nozzles 24a and 24b. In
thls cas€, PhEhelﬁpPF&upEtVeﬁPoﬁgeoﬁlPhEOﬁﬁﬂ@ﬂ 2Ancfhehe)oritestli on,

by t th t | | t 32 dth f W
o e, e SR DT S L e
th f th t ak | whi ch
gr eetrjseg%%térg%ig{lm r cu ?I Ag %%g Z%% Ut dnﬁ“‘? r]retqlllfg 5%‘83%%?’3@%%1?%;
optical ¢l eapaL 3% gnd the wafer ggrwge% mpvipg Lhe “@%%@HVV'” the ¥

directions are substanti al Iy silm ose fn® £ Nghe

scanni ng tBRORBEL;oM, %&@Oﬁﬂﬁetﬁgp\QB@EESWOéhrggﬁﬁm?lﬁe Opcpévéfyafe' RLL s

the projection optical system PLA incorporati ica mrent

32 havingashkgh enbi cakakkansallilkanees %HCB4EVSI§H‘ 818 rr%é‘égedtf?
firmy joining the optical elenent 32 to the optica 202

t ) excellliemti Dt EralscoONtACs wd et N SnWede 4% diScO8SHR| 2Dt Oby
performthe exposure process of the liquid inmersion type whi ch can

mai nt ai nthiee shiagie perthorerarde oreri @l ofifement 32 and the wafer W
is constantly filled with the liquid 7.

Here, the layout and other features of the exhaust

nozzles and the intake nozzles, which are used for

15 circulating the liquid 7 in the space between the optical

element 32 and the wafer W, when moving the wafer W in the

+Y directions are substantially similar to those in

Embodiment 16.

The scanning projection exposure apparatus of

20 Embodiment 32 applies the projection optical system PLA

incorporating the optical element 32 having high optical

transmittance, which system is obtained by firmly joining

the optical element 32 to the optical member 202 by the

excellent optical contact. In this way, it is possible

25 to perform the exposure process of the liquid immersion

type which can maintain the high performance over a long
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period of tine. (Enbodi nent 33) An exposur e appar at us
according to Enbodinent 33 will be described with reference to the
acconpanying 6 drawi ngs. The exposure apparatus of this enbodi nent
is aliquid imersion type exposure apparatus adopting the liquid

i mmersion method in order to inprove resolution and to virtually

wi den a depth of focus by virtually shortening an exposure

wavel ength. Fig. 33 is a view showing a first 10 optical elenent LS1
| ocat ed ®legslext ¢H whmenmge pl ane of a projection optical system PL
a second optical elenment LS2 |ocated second closest to the imaging
surface JEmURABreORECBBON optical system PL after the first optica
el emrent LS1, and the like out of nultiple optical elenents 15 nade
of cal ci um f| uBPi GEPRF WIS cdPPa&altys paomnsdinat ot ehprdireet t 03
opti cal of thg%%%posure apEaratus of this enbodi ment.

/St Pl
Thi's expg’\s{L gm]%ﬁpgﬁast‘ij%l | Yddd aF$FREERFRQUIQ ERReras p@enangsm
f or fiIIi@%M%_%P ce pbetween a lower 20 surface Tl of the first
opt5| cal Srément ‘7?51, Whi TP P21 E Re®RPBLEI S pth EL Ihef Lpenthés
i I .Qf . .t i j tigal t Pl h | ti
opt Poal o eidni St LEn v BRL LEBRSBER BT il ARk ke tRand a
bstrate ;R .w{k fids L. GLeLi | trate 25P i i ded
the | mage e aher sty petlil (BlordlE AVERPLRVE BireL belna EhE
| ower SU"tt)a@EriTﬁanlyt\lﬁfdéhrasﬁep‘%ﬂtéfeflocqlsefryﬁgyjf}é}?iﬁ/délr?cp SE8; g

opposite to a surface of the substrate P. irs qui d i mrersion

mechani semi 8gbu8es cawhivedterlgtqul d iiupphy MBChaNisMsBR.fi0f; SUPPLYing
the first |iquidLaitothespacebetweenthel owersurface Ti of the first

optd cal elpenentl lSkemandt el sidsitetec Posand aof bhsimby gﬁﬂaﬁecafery
mechani sm 91 for recovering the first liquid LQL supplied fromthe
first |igupdodgediomeghadainDlstem PL, a second optical element
LS2 located second closest to the imaging surface of the
projection optical system PL after the first optical
element LS1, and the like out of multiple optical elements
15 made of calcium fluoride which collectively constitute the
projection optical system PL of the exposure apparatus of
this embodiment.
This exposure apparatus includes a first liquid
immersion mechanism for filling a space between a lower
20 surface Tl of the first optical element LS1, which is the
closest optical element to the image plane of the
projection optical system PL among the multiple optical
elements constituting the projection optical system PIL,
and a substrate P with a first liquid LQ1l. 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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Mor eover, this exposure apparatus includes a second 10 liquid

i mrersi on nmechanismfor filling a space between the first optical

el enrent LS1 and the second optical elenent LS2, which is the second
cl osest optical elenent to the inage plane of the projection optical
systemPL, with a second |liquid LQ2. The second optical elenment LS2
is 15 disposed above the first optical elenent LS1. The upper
surface T2 of the first optical elenent LSl is disposed opposite to
t he | owerrdurdak e Ignef t thel see ahidspps édabpeb eirest th32. sTheasecond

i quid i mersion mechani smincludes a second |iquid supply mechani sm
92 for stpE yawysboateh® . .se@brd Alinati dli@Ridoimhe reface et heebsinhe
first optical elenment LSl and the second optical elenent LS2, and a
second | PHHEIFILT S ERLY Sted haHIL SN IBPLYr meebonésing Ot fer sarmmbly Lhqui d
LQ supplied_fromithe second |iquid supply nmechani sm 92. 25A | ens
barrel PENENERGEEs! Hestmet tauFhac 8o RsterrTacae hoperi phefate

regi on of .th per..surface T2 of the first optical elenent LS1.
Nb%%over&laogiﬁgﬁ gégﬁﬁhﬁp%éﬂﬁ% LR brivvt R vt swesibt heate P,

peri pher regian of the upper surface T2 and t counter surface 89.
The fir stglnge% ifﬁdss(r)fcer%ole ub(g {%C?‘c’)?ﬁgdeF%ﬁ‘ﬁl@ﬂ}i@ R e KarFez"

menber 04751 yents, | Earag b b Sed T T 6L eR 1 hudtar o Re

upper sugkaeg izt ooghe outside of the upper surface T2, or to the
outside of the lens barrel PR Manwhile, a second sealing nenber 95

i's provided beiyeedvel) anskdexptbhaceat8aohtlhiRe; 86200E s0Rtd £abna
el enent LS2 and an inner side surface PKC of the |lens barrel PR The

senbnd seédlguigl enlkers i%9m nechanhteth 6braf VI IiNng.a @k @xBapk8enThige
second seal ing nenber 95 regulates circulation of the second liquid
LQ2, danpigas dertiiedl falemdnie s end [thguise ddbld@ptainsk 1 hel dndett o
an upper part of the second optical elenment LS2 inside the |ens
barrel PkS2, whichvwiedie , secohirdleeakitngriemsdr <dénenpriovi ded
between a side surface C_ of the first optical elenent LS1 and the
i nner si d@agi PAERPIE dih¢ er P epstharr eptpralTigystem 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 LS1 is disposed
opposite to the lower surface T3 of the second optical
element LS2. The second liquid immersion mechanism
includes a second liquid supply mechanism 92 for supplying

20 the second liquid LQO2 to the space between the first
optical element LS1 and the second optical element LS2,
and a second liquid recovery mechanism 93 for recovering
the second liguid LQ2 supplied from the second liquid
supply mechanism 92.

25 A lens barrel PK includes a counter surface 89 which

faces a peripheral region of the upper surface T2 of the
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20 third sealing nmenber 96 is formed of a V-ring, for exanple. The
third sealing nmenber 96 regulates circulation of the first liquid
LQL, danp gas derived fromthe first liquid LQL, and the like to an
upper part of the first optical elenment L81 inside the | ens barrel
PR. 25A light-shielding filmmde of gold (Au) is forned in a

t hi ckness of 150 nut on each of the side surface (a tapered surface)
Cl of the first optical elenment LSl and the side surface (a tapered

surface) fG2sif ¢beisedord apticat.sel. emprir dSPsr Ther efialses H¥a UShyg
these light-shielding filnms, it is possible to prevent 5 |rrad|at|on
of the expodiate i ghtplb@’andaddoe‘eﬁéentump@frﬂﬁ‘rsam(pafmjﬁaﬂ bghthbeam
by the wafer onto the first sealing nenber 94, the second sealing
menber 99PPHAT dWef2ger82senti fifemewivert <96 smy tdcar®9 pr cheedli ratt he
peri phery of the tapered surfaces of the transm ssive optical elenent
10 on t h&eadhT MeERe5%delsf Lo Brof éat Pomiopt il cukchsyst B liazthis
i sible to prevent deterioration of the sealing nenbers.

it is
yq he aB‘@\%a’ %’é’s Hpt?étF'E]?%‘tﬁbl%rﬁ GE N | fyhtesael g ngThe | Fd wdEch

|sthe rretal fllm de o$ 1g(Au) is for on each_of the side
surface Cthe tHh&tEW Sthir %\ }fe&fsn £ tlﬁé‘ktalgrest‘)fgeﬁtdqecaﬁeceqlé Sreht9esd and
th d t f d ti

ol oment L85 1P %téeéﬂ% PR BERRY hRE e 1B Fh TaRran At SBratnths
fil f I | at

G ver L RBpeEiEdatate . 2oL %ﬁ}%%ﬁ%"l@?u%&ﬁ%ﬁ %8&@ BLEPER 847
(Pd), nolgheeaum & NQJ) setc'otr@%%g‘l(l-ﬂg) meﬂq%%rCBBO %I eIbdetwe?I 'm

Alternatively, it is also possible to formthe
asi net al sedadediddae |t thEsteasgechbha Gﬁkabéyqékéﬁéﬂfnﬂ§y Qﬁd

formed 25o0f at |east one of zirconiumdioxide (Zr02), hafnium
di oxi de( HhO2)n & i tsaird ¢1gmdifexd deKTi DRk hieané 8 WArrel PK. The second
sealing member 95 is formed of a V-ring, for example. The
second sealing member 95 regulates circulation of the
second liquid LQ2, damp gas derived from the second liquid
15 LQ2, and the like to an upper part of the second optical
element LS2 inside the lens barrel PK.

Moreover, a third sealing member 96 is provided
between a side surface Cl of the first optical element LS1
and the inner side surface PKC of the lens barrel PK. The

20 third sealing member 96 is formed of a V-ring, for example.
The third sealing member 96 regulates circulation of the
first liquid LQl, damp gas derived from the first liquid
1LQl, and the like to an upper part of the first optical
element LS1 inside the lens barrel PK.

25 A light-shielding film made of gold (Au) is formed

in a thickness of 150 nm on each of the side surface (a
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pent oxi de (Ta205), silicon nonoxide (Si0), and chrom um oxi de
(0r203). The above-descri bed Enbodinents 1 to 33 apply the
exposure apparatus configured to fill the space between 5 the

proj ection optical system PL and the substrate P locally with the

| i quid. However, the present invention is also applicable to a liquid
i mrer si on exposure apparatus disclosed in Japanese Patent Application
Lai d- Open Gazette No. Hei 6-124873 (JP 6-124873A), which 10

appar at u§2Pgreshisugirace t & hvke thatlbges t at Yea hiebemestbss T adred
subject to exposure in a liquid tank, or to a liquid imrersion
exposur etBfpardssSar§arssed | reDepafesd rEacnt @Ppbifcaticors 4@dnd Open
Gazette No. .Hei. 10-303114 (JP 10-303114 A), which apparatus is

confi gur 88 ¢ 3Hav e LemaBE | | &§2d t aniIFRATRE @ pr Bilet &sdinted tdepsh,

t he tank

bei f.o : , dt, tain, bstrate insid
he tankoont Lo ElRT “eRaREL IH | SaeressRiPasal s apmetabte Lo
i N- St {; t i.ncl udi t 20_st
ol i gur SALEE FhCATh i ot SRS Gt e At e fafefan of
individ i hdependent ly. in XY ..
i ot 000" SRS A E hoat gt VL LR B PEURERERRE Lo e e e v

Japanese plicat i i d- i, 10-163Q099 (JP
2570 163050 . epancac: Parcat Aon 1At o Eai Ao epan et (N e

10- 21478361 nk0 2 A3 o8 Wil iHieTNAl ionali g APl Gatd  opgl s Phase
Publ | oats or e neets 9w (JP 2000-505958 A) . and Helnongls

In addi ttbe tapthedabave ey afathens radishars Gon oy id DS ement
applicable to the exposure apparatus of the 5present invention are

dildcl osedniphémwrstavrlls side of the projection optical system.

In this way, 1t 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) €2 of the second optical

element LS2. Instead, the light-shielding film formed as

the metal film may be formed of at least one of gold (Au),

20 platinum (Pt), silver (Ag), nickel (Ni), tantalum (Ta),

tungsten (W), palladium (Pd), molybdenum (Mo), titanium

(Ti), and chromium (Cr). Alternatively, 1t is also

possible to form the light-shielding film as a metal oxide

film. In this case, the metal oxide film may be formed

25 of at least one of zirconium dioxide (Zr0;), hafnium

dioxide (HfO,), titanium dioxide (Ti03), tantalum
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Publ i cati on No. W2004/019128( WD 2004- 019128 A), Internationa
Publ i cati on No. W2004/ 053950 (WD 2004-053950 A), and Internationa
Publ i cati on No. W2004/ 053951 (WD 2004-053951 A); the entire contents
of 10which are incorporated herein by reference. Exanples The
present invention will be described nore in detail bel ow based on
exanpl es and conparative exanples. 15It is to be noted, however, that
the present invention will not be limted only to the follow ng
exanpl esPepbaate (Ta:0s), siF jroB4mpsodaidieceWSSiiow nognd chromium
configuration of an optical element 50 of the present invention. As
shown i n®%G98 ¢{CBALs)t-he optical el enent 50 was formed by depositing
silicon oxide ?4 in an optical filmthickness of 0.55 X (X= 193 nmm)
on a substrate Bf BRP¥FCIASFIUotP et Bobodimgmiten la tr &1 AAPREY ehbat i on.

of a film formn surfac§u§2a i% defined as .a (111) plane, as an

ant i - di sSOFGLTon- f1178 F B USstRB IS ddrildd =2 RAcrLdtvere R

fﬁg%iﬁégggﬁnﬁi@ﬁecﬁ€%%’éEEfQQT“s&%QQﬁ*PESaHH“%ﬁgtE%%EQ!JJQ P
locally with the liquid. However, the present invention
is also applicable to a 1liquid immersion exposure
apparatus disclosed in Japanese Patent Application
Laid-Open Gazette No. Hel 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 liguid 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 1is disclosed in Japanese Patent
Application Laid-Open Gazette No. Hei 10-163099 (JP
25 10-16309% &A), Japanese Patent Application Laid-Open

Gazette No. Hei 10~-214783 (JP 10-214783 A), International
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the silicon oxide filmnmnust be restricted so as to suppress a ghost
phenomenon caused by residual reflection of light on a surface of the
substrate of the calciumfluoride 52 when the light is incident on
the calciumfluoride 52 along 5 the direction of an arrow 56
indicated with a solid line and is reflected by the cal ciumfluoride
52 along the direction of an arrow 58 indicated wth a dashed |ine.

Specifically, Fig. 36_is.a graph showi ng residual reflectivity of the
cal ¢i um FPROPISRE WHEN EREORRGRFHAS® 109 heF aEAP oA e QAP T ARP S

R g T M CE
im0 SRR O WD LS RS e
bt At P
LB, IR A e i L B e

20equal  baban el iym 0. B% wWhan 2w 4 nei siens  angbe o othe 14 WY i Agi dent
on the calciumfluoride is equal to 60 degrees. An experi nment
was perf anmed byt iusea D theboptkeabrel ement SQodom/B3F3680a Vigw
showi ng a configuration of an experinental device used in this

exanpl e. 2P0de 0GR SHO 2566, at ahkle tlenpermt tif enefi 7@GLI1S qatidmt ova. t ank
64 made of pol yether ether ketone (PEEK) which is |arge enough for

t he vol uNe280 4/HE 3Pl ci0 €1 @ 55051 A beatlee &8t imdecwitdefkonr
(registered trademark) is put into the pure water 66. As shown in
Fil§. 37, "PRehopticalner ereretsd hennitm iy oreferpoce -water 66 so that
only the half of the optical 5 elenent 50 is soaked in the pure water
66. The tank 64 containing the optical elenent 50, the pure water 66,
and the pheater, 68 is put into a constant-tenperature tank 70 to
mai nt ai n~&%88MStSant tenperature. The tank 64 used herein has a

SUffiCientlylfﬂgep§%Q%nt invention will be described more in

detail below based on examples and comparative examples.

15 It is to be noted, however, that the present invention will
not be limited only to the following examples.

(Example 1)

Fig. 34 is a view showing a configuration of an

optical element 50 of the present invention. As shown in

20 Fig. 34, the optical element 50 was formed by depositing

silicon oxide 54 in an optical film thickness of 0.55 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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10 relative to the volune of the optical elenent 50 to reduce a
liquid | evel change attributable to evaporation of the pure water 66.
Moreover, the beater 68 is used for nmaintaining constant solubility
even when the optical elenent 50 dissolves in the pure water 66 and

t hereby 15 generates a buffer solution. After a | apse of 3 hours
while the optical element 50 was soaked in the pure water 66, a step
bet ween the portion of the optical elenent 50 not soaked in the pure
wat er 66 tardsthécporoxddeofilthenspt beate et eirentd56o seakedsippthespure
wat er 66 was neasured 20wi th a step-nmeasurenent gauge having
resol vi ng PoREE phenoBenmn Nouskedpbwase sbdervede £ Exanpheo?)light
Fig. 38 is a view show ng a configuration of an optical elenent 74 of
t he pres@ﬁtaiﬁVéﬁ?F@nPngh§h@Mbﬁﬁ¥%§ﬁﬁqﬁ t38: aalecopri thhoeideehe 74
was forneg by _depositing | anthanum fluoride 78 in _an optical film

t hi cknes¥"6f Eh%gll%b%_s 1881A60): BR e @ediTiaie fatogdids B4l engi de

of mhh%h a cr¥§tal orientation qg,a filmformng surface 76a is
S

76,

defi ned A8adETED 1 ™hiRE als 3t Uht -dir%]cﬁ%?‘?%nwﬂlllnﬁ‘fﬁﬁl%%el%%tci um
fl id f th . 6 ifi thod. It

beon kot gt SREET SRRt TTEoF FAELFD G et (3157 FILARS of2 € he
cal ci um fik yari %nzl6of eiﬂleg%?okh%.scr%s&f'at?éaevr}%g'r]cé{‘ﬁgs(htleﬁ)fﬁ%hgm

fluoride 76 and thereby heteroepitaxially grows

(see VO 8360490131 /hergfor .34 he derosied.d anthanum 101 yopide 78
forms a very dense crystal structure wth véry few defects.

reflectivity of the calcium fluoride when the light is
10 incident on the calcium fluoride substrate. The residual
reflectivity of the calcium fluoride in the case of not
forming the silicon oxide film on the calcium fluoride
substrate is indicated with a solid line 60 in Fig. 36.
Meanwhile, the residual reflectivity of the calcium
15 fluoride in the case of forming the silicon oxide film on
the calcium fluoride substrate is indicated with a dashed
line 62 in Fig. 36. As shown in Fig. 36, the optical film
thickness of the silicon oxide film is set such that the
residual reflectivity of the calcium fluoride becomes
20 equal to or below 0.5% when an incident angle of the light
incident on the calcium fluoride is egual 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



An experinment was performed by use of the optical elenment 74. The
configuration of an experinmental device used in this exanple is the
sane as the configuration of 15the experinental device used in
Exanple 1 shown in Fig. 37. Accordingly, the same constituents wl|
be designated by the sane reference nunerals used in Exanple 1, in
the follow ng description. First, the pure water 66 at the
tenperature of 70C 20 is put into the tank 64 which is | arge enough
for the ¥BRUM® l3Mme Hef ople captéredent empntarfid a Pedtert &8 68 patiei nto
pure water 66, The optical elenment 74 is put into the pure water 66
so that 8AITethenntie9bstereddpiademaskenshbutdintoddukpdrierwaherpur e
wat er 6666The tanﬁ 64 Qontainiq? the optical 25el ement 74, the pure
wat er 66°°and®FhENRER &P F8 Das® put EhAt BPERE adofdiemant ehpet at bub

t k 70 t intai tant t t . Aft | f 3 h

whi I e t h&R58t T R8I DT EHEFEeS £ GusS SHAketRiH e Mo Ofat BF ®BLLG2St ep
b ti X ti | t 7 t di th
vater 06 aeTRRe RO ot SRR hPELEITE SARE 6572 Bk FroEhe
pure wat @Em@@i'nsﬁ.n][?%%gg %ug_théoafl %ﬁ%ﬁ%@ﬁs@aﬂ%ﬁgﬁ% QS‘%%[%”E?‘F’]; 29! he

resol vi ng power o . step was observ

exanpl e, thBep¥aguHmeganar Bd@p%ithi ansﬁ“s!f&%t\ﬂﬁcsex&ﬁﬁpa?%g% h‘?%ﬂ‘l;?bm he

formng nethod for the 10 anti-dissolution filmin o

anti - di ssel nhiiert il na hevhBgahhe tdapsa-Stytet ure. However, it is also
possible to formthe anti-dissolution filmby use of the sputtering

nmet hod or the TMDteihed. u§Earparain v Fxasmt eid) ch%AY eXPeEisEHE wWas
performed in terns of a cal cium :
10 relative to the volume of the optical element 50 to reduce
a liquid level change attributable to evaporation of the
pure water 66. Moreover, the beater 68 is used for
maintaining constant solubility even when the optical
element 50 dissolves in the pure water 66 and thereby
15 generates a buffer solution. After a lapse of 3 hours
while the optical element 50 was soaked in the pure water
66, a step between the portion of the optical element 50
not soaked in the pure water 66 and the portion of the
optical element 50 soaked in the pure water 66 was measured
20 with a step—ﬁeasurement gauge having resolving power of
0.5 nm. No step was observed.
(Example 2)
Fig. 38 is a view showing a configuration of an
optical element 74 of the present invention. As shown in

25 Fig. 38, the optical element 74 was formed by depositing

lanthanum flucride 78 in an optical film thickness of 0.68
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fluoride substrate without an anti-dissolution film Fig. 39 is a

vi ew showi ng a configuration of an experinental device used in this
conparative exanple. In this conparative exanple, a calciumfluoride
substrate 72 is 20 used instead of the optical elenent 50 of Exanple
1. Oher features of the experinental device for this conparative
exanple are the same as the configuration of the experinental device
used in anple 1. Accordingly, the sane constituents will be

desi gnat &d By £ e Feferiest pshanefaka lioi \Exafpler 1dei A6t he £
follow n cription. .First, the pure water 66 at the tenperature of
70C isq%%t%% At ggflﬁgatlaﬁﬁlﬁlt\ﬂq:i i°d Baf geMehdtBhRPofuEfaceol Gfe of

wat o1 66. TS TS i 1 07 1o PATRST S5 32 2 lput: 190 BUE hePpht ot

wat er 66. The cal ci um ori S

wat er 66rg@ tthad on y; theshalf. - t ciumfluoride substrate
72 is soaked in the %t%lg \]/?\gtﬁgrrlg%e. ’Frehe aﬁlgeGZLIlcg Cai i AU he2R8F ci um

f1uori deqsulstinald ftAde. PUFE wal %eé@,kmtﬂ%aPeﬁgrjtgrﬁ%ﬁgnﬁr‘dt

into the constant-tenperature tank 70 to maintain a cons

t enper at gl eorAfdeers sachapae 0f13)hguns Wkl £h e 10, 502N 1 gl gum
fluoride substrate 72 in the pure"gwat gr 66, % satlep Eet%leltéﬁﬁlﬁg 76

portion obfileeteakticumriysierl de idbisitadbe J2 1ol Spakedyim thes gure
water 66 and the portion of the cal ciumfluoride substrate 72 soaked

in the pifeandtidie 6€bwase treasuped awitdl Ihe rshepomeasur enent gegge 15
havi ng the resolving power of 0.5 nm A step of 50 nm was observed
due to di(886l Wi 83 /S0XHES por tTimreforhe theciemofditnrd dearstibstaat e
72 soaked_in the Qure wat er 66. According to the opti cal
el'ent sTOPOELSFI & GOBRE EVeT epse ervstpdsstbletuser edbbeve e

sol ubiIi%g tg1 %ure 20 water at least 1/50 tines as small as that of
the optical' EF&R&HS of Conparative Exanple 1. ?ig. 40 is a graph
showi ng results of neasurenent of steps neasured after the

experi ments of*% K&¥*Bpt FBER teMaTfeMTTH CINPAr AYi VEEx&fpltdiel ombdmpl e 1,
200 Sl engn ich 2Le TERSUCEL M LUy Ll 2oateheaou erept, paue
anti-di sgeLytiAnchikm.gBde 1f ith€he 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
l, 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. Theoptical element 74 is put into the pure water
66 so that only the half of the optical element 74 is soaked
in the pure water 66. The tank 64 containing the optical
25 element 74, the pure water 66, and the beater 68 was put

into the constant-temperature tank 70 to maintain a
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silicon oxide or the | anthanum fluori de does not dissolve in the pure
wat er. Accordingly, no step is generated. Therefore, it is possible
to maintain a transm ssion wavefront of the projection optical system
in the 5 projection exposure apparatus when this optical elenent is
enbedded in the liquid contact portion of the projection exposure
apparatus applying the liquid i mersion nmethod. (Exanple 3) Fig. 41
is a view showing a configuration of a 10 transm ssive optical

el enent 507G aHe tEERAN at Bre As Ahoow 3 A aFise of13 hauadhekidr the
reinforcing film5%3 is formed by depositing tantalum(Ta) in a

t hi cknes8PSCEd AmeRe™E Jdp¥eFat @2 b dohl i ignP ifo Made B2 Shy aus ke bf

the sputterin hod. The adhesion reinforcing film33 has a
function}oef %@%8\?5%59 e tidef he kemertind ¢ 170k i gRakedand

a nmetal fil rned_o rface of t adhesi on reinforcin
| ayer SSEhkgﬁrlgﬁ)‘%Iﬁee%%qeﬁnr {gﬁi %ﬁﬁets g%&f 'Jroerhoffogﬁﬁn%?léglg?ﬂgeja%ﬁ%%oln )
is ual %0 ve .10 \Y; n fect _of hesi on . can_be
ack??gved7%y ﬁae (?I %nzo%ﬂlénc %‘?ﬁ ‘Ig%]tg.gr ﬁgf rénﬁafq?%e(i r"i’r%t% the

Next , thgt@tﬁegédfeé&%% 10 O G AL y@éaﬁfv&hh";éwggt&?“é.és

the anti-dissolution fil preventing dissolutio nwater, 1S

formed i Ama tRbCckress wafs 200say,0A.the surface of the adhesion
reinforcing filmb53 by use 250f the sputtering nethod. Here, density

of the metal fidhrarbds camihel detrdrivichubdy = oF idddedd i BNGh Gnd theq r ay
diffraction. When the filmis formed by the sputtering method,

packi ng dessitysed the nmetak fitmMbs4 idregusd tacdmhabovec27%the
Meanwhi l e, solubility of the nmetal film54 to water is equal to or
508 ow lappt -wHesahetiéhm i §ifor medrby tdedsputt épi ngform  the

anti-dissolution film having the dense structure.
However, it is also possible to form the anti-dissolution
film by use of the sputtering method or the CVD method.
(Comparative Example 1)

15 An experiment was performed in terms of a calcium
fluoride substrate without an anti-dissolution film. Fig.
39 is a view showing a configuration of an experimental
device wused in this comparative example. In this
comparative example, a calcium fluoride substrate 72 is

20 used instead of the optical element 50 of Example 1. Other
features of the experimental device for this comparative
example are the same as the configuration of the
experimental device used‘in Example 1. Accordingly, the
same constituents will be designated by the same reference

25 numerals in Example 1, in the following description.

First, the pure water 66 at the temperature of 70°C
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met hod. Next, a silicon dioxide (5i02) film55, which
functions as the protective filmfor the anti-dissolution filmfor

i nprovi ng nechani cal strength of the netal film 1054, is fornmed in a
t hi ckness of 50 nmon the surface of the netal film54 by use of the
sputtering method. An experinment was performed by use of the
transm ssive optical elenment 50. Fig. 42 isa view showi ng a

Fro. 4o en8lratn e 'FF Frehiatdt Al i bREF qro 8 o Fheural i

u 82, t t uppl y _device 8 and .a buffer tank 84.
Ehgpsurfg?éq§% t%gééh%ﬁéfﬁﬁfﬂgg %ﬂbF§r8§§n?2anangnaOb?f §F8§8i%?
provi dedon ti@&&%&é%é@%ﬁ-eGEhe %Héf;f@%?c%mt ?ﬁ&rﬁr an,e”}%@%ﬁgfg E;ff'm

el enent 50 where 20 the adhesion rernforcing

54, and Ubei%ibh%oﬂn@boﬁhgepﬁ§%o%£t%&1%%ngag§8E95H§ Pﬂgiafiﬁtgﬁhed

to the open surface of the sanple hol der i S Seale e

0-r3 ng 8%heDewtierairds WadeidbSsabBRH8E f70md he, dedd efat gd. Vet oL
supply device 83 by use of the circulation 25punp 82 and Is a

to flow wasiede dhe sepl eahRl dar Zhihiroueh the buhfannt amk,84:qkere,
the buffer tank 84 1is provided in order to prevent transm ssion of

vi br at i ossibeft ttaee ¢iZ cuitet purrepumred? 66y el sarpbeakeldes 8%. put
Mor eover, by supplying deuterated water (D20) instead of pure water
(H20), itnite® pbbsi tensbantasempear tamunt ank 57 deutcer abéd twdter a
infiltrating the surface of the transm ssive optical elenment 50 in
t he dept RO@iStédtt oheBPEER tE TRat erA st sfaRe®@esef 3 hoursA while

thj rty-day ter resistapce test was conducted by use of the tester
3 @mi|esgéﬁi@@t&qﬁ%&%}yﬂg%ﬁﬁﬁ*ﬁ%ﬁubstrate72311thepurewater

66, a step between the portion of the calcium fluoride

substrate 72 not soaked in the pure water 66 and the portion

of the calcium fluoride substrate 72 soaked in the pure

water 66 was measured with the step-measurement gauge

15 having the resolving power of 0.5 nm. A step of 50 nm was

observed due to dissolution of the portion of the calcium
fluoride substrate 72 soaked in the pure water 66.

According to the optical elements of Example 1 and

Example 2, it is possible to reduce the solubility to pure

20 water at least 1/50 times as small as that of the optical

element of Comparative Example 1. Fig. 40 is a dgraph

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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10 deuterated water on the transm ssive optical elenent 50 equal to
50 cnmsec. As a result, the filnms fornmed on the surface of the

transm ssive optical elenment 50 were not peeled off, and there was no
change in the appearance of the transm ssive optical elenent 50.
Moreover, as a 15 result of evaluation concerning infiltration of the
deuterated water into the surface of the transm ssive optical el enent

50 in the.dep i.r.ection_{n accprdance_w th the secondary ion nass
spectrong?ﬁsi%%i%éﬁ %fnﬁﬁéecgﬁ?gﬁﬁﬁﬁmtﬁﬁ%ofﬁgedga?ér%?E htetveid
not infiltr L pt o metal, film54. (Example_ 4), Fig. 43
is avi evlvtns?l%% ﬁ‘gﬁgé cg% ?Qrtjra 617 %6 lnag]tkf’an%?ﬁngtfe@e l&ptqeéh?r%’F%ﬁent
58 of thenBxamle 4. sho iR g. + 43 tal fil.m 60 nmade, of
dol d (AL oo N st LS OOMBETTd £ SO ng e | L) il Er S 16k
prevent i pavdligsepl it ion Ichdakslos do fOEMRsb Ny LI gkpens pf 200.nm
y e

on a surface of a substrate of calciumfl doride 59 use ©

SPWi t er i pgoeidtoibn Hetss s@eashbiaeh thiRe whkbhalk Hfiid R0 can ment
determ ned by a critical angle in X-ray diffraction. Wen the netal

film60 is éubeddebyin htre bigputitesi tge tpidiadt oPaeki g LHesd d¥ion
thereof is equal to or above 97% Meanwhile, solubility of the netal
film60 espwstere ppprequealud @l pehew He aptquihe i rner § i & s: £ od red
by the sputtering nethod. Next, a silicon dioxide (Si02) film®61l,

whi ch  10Ex@metlicons) as the protective filmfor the anti-dissolution
filmfor inproving nmechanical strength of the nmetal film&®60, is
formed in-a thft%nedd ofs5@ rivion sheowdmd age con fipumet adbnf idfm 0 by

use of the sputtering nethod. An experinment was perfornmed by use of
tH@ 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 film 54 made of gold (Au), which film
functions as the anti-dissolution film for preventing
dissolution in water, is formed in a thickness of 200 nm
on the surface of the adhesion reinforcing film 53 by use

25 of the sputtering method.

Here, density of the metal £film 54 can be determined
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15 transm ssive optical elenment 58. As simlar to Exanple 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

wat er on the transm ssive optical elenent 58 equal to 50 cmsec. As a
result, the films 20 forned on the surface of the transm ssive
optical elenment 58 were not peeled off, and there was no change in

t he appearance of the transm ssive optical elenent 58. Modreover, as a
resul t ofow\aalardttiore tamcel @i g Anfaytdat foacef.ohhe Wadherated wat er
into the surface of 25the transmissive optical elenent 58 in the

dept h di necficgmeichbacte dancet e t hg et lsed prded i h @RIGTBSISty of the
spectronetry &SINB), it was confirned that the deuterated water did
not infi Mt FAL® the met a@qfal mte0. of Badnpte 3Y%Fi g.Mddnwsideyi ew
showi ng a co.nfiguration of a 5 transm ssive optical elenent 65 of
the ExanpiO%e-BP1nst¥ndhntha Peg§aladilan Sdditesivateri hf ceaiay tol ar67

is orne% g¥ depositin tantalunxéTa) in_a thickness of 10 nmon a
subbt r at €%f°*tat cPB i dee 661BP dse TIrRee Byutther isruteehddg The

adhesi on @%ﬂg rcing layer 67 has a function 10 to inprove adhesion

bet ween Fhe calciumfluoride 66 and a netal film68 to be forned on a

surface of theNgQggsign.gfﬂiggmpﬂé$§%§ggr g%% 5?;%3&%Q$5Eglg%h£55ve

t hi ckness required ' for increasing e adhe

b o .e i hi d_ i i
TSt i ckneee G n e S 6o Baps B Ty s A OF ALY i I P 6

15t hi ckness in a range from

made of galigh () ifdp IO Rk &S24 Deagn i+ dh 554 ﬁlki Hefrhég%tj.g%%lm

preventing dissolution in water is formed in~a thickness nm on
theo surf age dfs thermedieshoa tripkaeeisng f islomnGy Y wse Ayt of

20sput tering net hod.

the metal film 54 by use of the sputtering method.
An experiment was performed by use of the
transmissive optical element 50. Fig. 42 is a view showing
a configuration of a tester 80 used in this example. As
15 shown in Fig. 42, the tester 80 includes a sample holder
81, a circulation pump 82, a deuterated water supply device
83, and a buffer tank 84. One surface of the sample holder
8l is open, and an 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 silicondioxide {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 holder

81 through the buffer tank 84. Here, the buffer tank 84
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Here, density of the netal film 67 can be determined by a critical
angle in X-ray diffraction. Wien the filmis forned by the sputtering
nmet hod, packing density of the netal film®67 is equal to or above
97% Meanwhil e, 25solubility of the netal film67 to water is equal
to or below 1 ppt when the filmis forned by the sputtering nethod.
An experiment was perforned by use of the transm ssive optical
element 65. As siml|ar to Exanple 3, a thirty-day water resistance

t est was ICoRIGTLEE Dnredes tof Prige endst eAN8Oisisdvwm b Fiigrad2owki | e
a travel%gg sgeed of deuterated water on the transm ssive optical

el ement waEehei L ekt teghalP P 5682ciisetheAssarbel o lidwr f Blas
formed on, the surface of the, transm ssive optical elenent 65 were not

peel ed of LXENE T het e SHRPHBIEBaAGREPRLRE Y84 SFedPaRtelpPtend of
transm ssj Ve tical el enrent_ 65. Moreaver,, as a result of evaluation
concer ni ?ﬁ)gljlrlenf ﬁtterjgtf%n&df %%elsdéjlﬁsesrlg?ﬁﬁ TR FRES the2BaFPACB T of

L anaB e 081 GBL oS ORI P At A0° B s AT " Fhevas

accordance wt € secondary | on nass spec

conf i r eq Ahakn {01 feubgialad WAl&fet ds Ot nl Bhi L3, IDL 0 LDE,
transm ssive optical elenent 65. tﬁough t Spu %erlng

met hod was tiseds agatbe FekMsfiadg- o2t hod in the respective exanpl es
descri bed above, it is also possible to formthe adhesion reinforcing

film 20 the metialrtitanyandtbherpsobeahiceetbiskMbercbNgucted by
anti-dissolution filmby use of the vacuum vapor deposition nmethod or
the CVD metehed the tester 80 while setting a traveling speed of
10 deuterated water on the transmissive optical element 50
equal to 50 cm/sec. As a result, the films formed on the
surface of the transmissive optical element 50 were not
peeled off, and there was no change in the appearance of
the transmissive optical element 50. Moreover, as a
15 result of evaluation concerning infiltration of the
deuterated water into the surface of the transmissive
optical element 50 in the depth direction in accordance
with the secondary ion mass spectrometry {SIMS), it was
confirmed that the deuterated water did not infiltrate
20 into the metal film 54.
(Example 4)
Fig. 43 is a view showing a configuration of a
transmissive optical element 58 of the Example 4. As shown
in Fig. 43, a metal film 60 made of gold (Au), which

25 functions as the anti-dissolution film for preventing

dissolution in water, is formed in a thickness of 200 nm
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(Exanpl e 6) Fig. 45 is a view show ng a configuration of
an 25optical elenment 50 of this exanple. As shown in Fig. 45, an
anti-dissolution film52 nade of magnesi um fl uori de (MgF2) is
formed on a surface 51A on a substrate's side of an optical nenber 51
and on a side surface 51B of the optical nmenber 51 by use of a wet
filmformng nethod, or by spray coating in particular. Here, the 5
anti-dissolution film52 nmade of magnesium fluoride (MgF2) is forned
in an optrcd@l stirlifmachiodk resybett r@ 5K £ Xa 1td3um Ml uonr itde Sublyacee51A
on the substrate's side of the optical nmenber 51. Here, the wet film
f or m ngmétth&aredRd tacrilng RethPdg nieked dapbadivngt tite stedpd 6flm
di spersing 10 a substance intended for formng the filmin a certain
sol vent, ®oaffrg BSf i AT EBPAPRE sBYf e Shiithidae S8I9deént 1nan¥-dayi ng
and renovj.ng. t he sol ven[N after coati ng. The sol vent used herein

ni

shoul d o P QLB vent M ERat tRF | BRE2Anitidmn & sper £ogmest Bhethe

i ntended j Scopndensation _or, .precipitation. In

parft?i cul asﬁaqutt;@of%%\r%égﬁgﬁ' s> af coho ?%?lté% %}F%]é%?g Js%le\ﬂé‘}ﬁl it 8%ed
herel N above Yhan T SidBdieh 1 De, Taonas] L) JIoTd e LNIF2)e i oDy juse
of the wet filmformng nethod, 1t 1s preferable to carryoﬁrf th

b SR e R R R
by the sputtering method.
Next, a silicon dioxide (SiQ,) film 61, which
10 functions as the protective film for the anti-dissolution
film for improving mechanical strength of the metal film
60, is formed in a thickness of 50 nm on the surface of
the metal film 60 by use of the sputtering method.
An experiment was performed by use of the
15 transmissive optical element 58. As similar to Example
3, a thirty-day water resistance test was conducted by use
of the tester 80 shown in Fig. 42 while setting a traveling
speed of deuterated water on the transmissive cptical
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 transmlissive optical element 58,
Moreover, as a result of evaluation concerning
infiltration of the deuterated water into the surface of

25 the transmissive optical element 58 in the depth direction

in accordance with the secondary ion mass spectrometry
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(ii) Hydrofluoric acid / al koxi de nethod 2HF + My( C2HSO) 2MgF2 +
202HSOH (iii) Trifluoroacetate / al koxi de nmet hod 252CF3COCH +

My ( C2HSO) 2My( CF3C00) 2 + 2C2HSOH My( CF3C00) 2t her mal deconposi ti onMgF2
After adjusting a sol solution in these processes, it is preferable
to carry out either an organothermal process or a hydrothernal
process as a pretreatnent. In this case, it is possible to perform
any one r both 6 of pressurization and thernmal maturation.

of
Details df abdvlagec f beuefethaF|Ith ¢ clat ey ke hots er didi sokosed

in US Pat.ent, . 5,835,275 for reference. As for the nethod of
coating t gtlsld'\%g]%ﬂ:%ténﬁft %hrehélesttﬂl sott®i 8R: at |east one nethod is

sel ect ed fr. t-he in coating nethod, the 10 di pping nethod, the
EE R

Meni scus et e spray coating nethod, and the printing nethod.

After coating S teat th the sol solution, . the filmis_forned
by heating andﬂr]gr'm\L/hlbqflgE?hgcl \c,)\%ig%‘ﬁi SHRFRT . 2TiRCBELT FRERTER & tRe

Ut at ¢xassde, a1Vl U sl decsurlaces 3L of -tie, 50y cal nerber 51

made of cal cium fluoride need € protecte

Wi thout Leawigd any $RAGESresion rei%géiﬁ%f9£mdi35)yiysﬁcl>?1:;?§ ggwet

filmformng nethod has considerably | ow neChanical dura

conpar eddepoa ifiilng f oaned1byw & taypi cal adrnifdddrdorpEngomethad, as 20
represented by the vacuum vapor deposition nmethod or the sputtering

met hod. Acbertdiatg pf chlici recassariid @ gt uddd annealsgiecdid gyt o
i nprove the nechanical durability. In particular, when the filmis
formed omethedopt Toal adbrissronmaee ndfo raal g Umyidwiari Hesby fise-©fok he
m%% flln%o 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 reguired
for increasing the adhesion is equal to or above 10 nm.
However, an effect of adhesion can be achieved by the film
15 thickness in a range from 3 to 5 nm.

Next, the metal film 68 made of gold (Au) functioning
as the anti-dissolution film for preventing dissolution
in water is formed in a thickness of 200 nm on the surface
of the adhesion reinforcing film 67 by use of the

20 sputtering method.

Here, density of the metal film 67 can be determined
by a critical angle in X-ray diffraction. When the film
is formed by the sputtering method, packing density of the
metal film 67 is egual to or above 97%. Meanwhile,

25 solubility of the metal film 67 to water is equal to or

below 1 ppt when the film is formed by the sputtering
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25form ng nmethod, there is a risk of surface deformation attributable
to the linear coefficient of expansion of calciumfluoride, or
occurrence of cracks on calciumfluoride in an extrene case if the
anneal i ng process is conducted by rapidly increasing the tenperature.
To avoid such a trouble, it is essential to raise the 5Stenperature at
a lowrate. Al t hough magnesi um fluoride (MJF2) is used for the
anti-dissolution filmin this exanple, the present invention is not
limted Fﬁtﬁﬁﬁfforegoing. It is by all neans possible to use silicon

oxi de (Si 02) fﬁrned %y the 10wet film form ng nethod instead.
(Exanpl e 7) D SRR MERRS 2 ifew RGOV TR cBHf i giat i @R ofhan

ot Cal sCarI ST, éﬁ%ﬁea%ﬁ'%aﬁoifﬁ%”a@ | ¢ GE%aE’éa’f“BﬁLﬁed
e . 4
ot rcal £ o A Rh-Baiatla re2ustdt el 80c R CRn ISR BRonoBeam
sputeripg BBLhedstEheseathetm %nh§§ﬁqd4?iﬁﬁgléuéf@fgvéf‘? f.Lhg
h dr mer 2§H§p 58

optical nenber 54 is coated with an al ky et ene

sol uti ono fVliem tidvea  équirglc abkyh kabeneadisii®s ivie ysiall i edneh e
al kyl ketene dimrer is fornmed into a fractal structure that 1 ncludes

smal | ir6égutabshapest sghde bty ch/segul ansshares; 14 Nthidi 81 VAY,
the al kyl ketene dinmer is forned into a superhydrophobic film
25havi ngfaroemt act thrgberéqual ofotloe tabovenil6idegseescaThé Bement
phenomenon i s understood by the fact that the
65 were not peeled off, and there was no change in the
10 appearance of the +transmissive optical element 65.
Moreover, as a result of evaluation concerning
infiltration of the deuterated water into the surface of
the transmissive optical element 65 in the depth direction
in accordance with the secondary ion mass spectrometry
15 (SIMS), it was confirmed that the deuterated water did not
infiltrate into the transmissive optical element 65.
Although the sputtering method was used as the film
formingmethod in the respective examples described above,
it is also possible to form the adhesion reinforcing film,
20 the metal film, and the protective £film for the
anti-dissolution film by use of the 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-dissclution film 52 made of magnesium fluoride



foll ow ng extended Young's fornula holds true assuming that O is a
contact angl e when a substance having a contact angle 0 is forned
into a fractal structure having the surface area that is r tines
greater. 5(Fornula) s - a) cos f =- r cos 0 YL Her e,

i t sdenot essurfacetensionofa solid, YL denotes surface tension of a
l'iquid, and ysi, denotes interfacial tension between the solid and
the liquid. As shown in this 10 fornula, the contact angle becones
gr eat er WS 2&0&%3ﬁ%¥%ﬁ%|??v% %Orﬁage)51Bn0@tWeﬁuhﬂt%@tehe Eibmis
a nore liquidre nt. On the contrary, the contact angle becones
smal | er Whefi'c ? rﬂ%ﬁﬁ?%e Yordopy aIﬁl%@h%?rﬁéﬁ§s5lﬁheffthﬁ1|s
nor e met%ggl to th %Hu% 15 Alt hough al é ket ene di nmer_ havi ng
the fract8l" $¥rudtt ure 2d U6 Otthé Wati fat SB?EPFBH Fethren ohe
si de surface, al 0ssible to obtain Sim

antl-dls% Iutlg’tr éﬁfeé%”ngfie st e s%?¥§&8u3§ru5e of BEher typhea
watsger re l5 re | ent. pr.oce

appl v ngB?%f‘“@aln%%%??ﬁgﬂzﬁf@ﬁ?w%ﬁ%ﬁ%a%%es‘ﬁedm Hludfide MHor)

o hopl y s worard cpEMEnt L Bas 0l RER L0t o ofeFol G083 °

to apply a water repellent OCeéssS using a
plating amhhet 25Resultrs@f yeki bhcahicon gfsthgropki galyel eprepys of

optical member 51. Here, thewet film forming method means
a film forming method including the steps of dispersing
10 a substance intended for forming the film in a certain
solvent, coating a £film forming surface with the solvent,
and drying and removing the solvent after coating. The
solvent used herein should only be a solvent that allows
uniform dispersion of the intended substance without
15 condensation or precipitation. 1In 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, + 2CH3COOH
(ii) Hydrofluoric acid / alkoxide method
2HF + Mg (C2Hs0), - MgF, + 2C,H;0H
(iii) Trifluorocacetate / alkoxide method
25 2CF3COOH + Mg (C;Hs0)2 - Mg (CF3C00), + 2C,HsOH

Mg (CF3CO0Q), —~ thermal decomposition - MgF,
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Exanple 6 and Exanple 7 will be described bel ow Magnesi um
fluoride (MgF2) is forned on a bottom surface of a rectangular solid
calciumfluoride optical elenent as shown in Fig. 47 as the
anti-dissolution film 5 by use of the wet filmform ng nethod, or by
spray coating in particular. Then, magnesiumfluoride (MJF2) is
formed on a side surface of the calciumfluoride optical el enent as
the anti-dissolution filnmby use of the wet filmform ng nethod, or by
spray coating PAEBAr eAdUSALnITRe sO10 s@tut R slor Ut ove fRtoredensica
to the anti-dissolution filmof Exanple 6 is formed on an optical

el enent 57 sHOWRTFRSERGLATC TRREL ¥ptoudal e EHAEne NS ROWRR AL FE §Iad7 i s
defined as a sanple on di oxi de éSiOZ% is formed on a bottom

le 1 il
surface P15 % el ANGHCH ST H REPCF M #F DR REBPRFRSR tel efnt
as shown.in _Fig._ .48 t nti-di ssol uti filmby use of the ion
bean1spugkgfi%%ﬁﬁﬁré%.lgﬁ%n?g%%geaﬁﬁypef %ﬁﬂe%ﬁ¥#éﬁe§%fu??gﬁo%g
coated a i 1] r f L.cium fl ri.de optjca
elgient ggfgﬁgggggﬁéﬁ?ﬁfﬁfggo E?%gﬁg?1#%?u%%§35h'i- ggéb u P(%njc Fl m

i denti cabpberd-fe S0t { n 8l SHOE Yiign ffoirlmrf'rfg Pt L AL éiEQE_H%%dOEnan
48. | el t shown

optical elenment 58 shown in Fig. This optical elenen I'n

Fig. 48 Us detiknedNas 8, 838phes2ro25Magaesine® f | uarcde (MR ths
formed on a bottom surface of a rectangul ar solid calciun1fluor|ge

optical o€l epantinas tshowmbst e Worrstidesantdodissohptiom ikm by
use of the wet filmform ng nethod, or by spray coating in

parti cul ane Meitdedsursf aed etdierdedfrans tne aat vd. c i sn @piié b del epent
59 shown in Fig. 49 is defined as a sanple 53 (Reference Exanple 1).
THE f ol | ehPirg nexpeatilnedt Whs penfioransl hytlisé, okthehe szl esatling,
and 3. Fig. 50 is a view showi ng a configuration of an experi nental
devi ce. PELBOHat efTE6 et P& indripes amgtdast- 708 fitepuecopittioga taak 64

made of : .
substrate with the sol solution, the film is formed by

heating and removing the organic matter. The surface 51A

on the substrate’s side and the side surface 51B of the

15 optical member 51 made of calcium fluoride need to be
protected by the formed film without leaving any spaces.

The film formed by use of the wet film forming method

has considerably low mechanical durability as compared to

a film formed by a typical dry film forming method as

20 represented by the vacuum vapor deposition method or the
sputtering method. Accordingly, it is necessary to heat

and anneal the film to improve the mechanical durability.

In particular, when the film is formed on the optical
member made of calcium fluoride by use of the wet film

25 forming method, there is a risk of surface deformation

attributable to the linear coefficient of expansion of

169



10 pol yether ether ketone (PEEK) which is |arge enough for the

vol umes of the optical elenents 57, 58, and 59. A beater 68 nmade of
Teflon (registered trademark) is put into the pure water 66. As shown
in Fig. SO the optical elenents 57, 58, and 59 are put into the pure
water 66 so 15 that only the bottom surfaces of the optical elenents
57, 58, and 59 are soaked in the pure water 66. The tank 64
containing.the optical elenents 57, 58, and 59, the pure water 66,
and t he B&ateral8opddg/nt O a OCESIRENCE epperatackst @k 7oltoum

mai nt ai n Z conﬁianl 20t enper at ure. , The tank 64 used herein has
a sufficfemAy 9rge & A*TEPREI ¢85€0 ith&hrolmres bing her opeseal s

el ements 57, 59 to. reduce a liquid | evel change attributable

5 n I
to evaporatiom oﬁ‘&t ﬁg pﬂ?%lg\EYeereW%‘évéﬂe t hempeagdires6s e
used for isnt apni.ng constant. solubility even when the optical
elenentsagngg8%H§ﬁdE%Q%%éﬁhﬁ%@ ﬁ% the purtT2water 65 4Ad StheFBBy
gengrate f lution, After. a |apse of 3 hours whil e soaking
thgﬁoptiggﬁgﬁiﬁxﬁfg %%,QSé?éa% t§§ in the pure water 66, steps

bet ween the boiieAbgYLf AGES NG hﬁ@égfdéug&%ﬁfeﬁ %&g{?%&i vely, pt the

optical 5elenents 57,58, and 59 were neasure ep- neasur enment’

gauge hawhfg -asdyingi paweri of 0i® NYRi shop. i n, Fi 1,
the bottom surfaces and the side surface% cﬁxﬁ$é?%ptica? gfé%g%?§57

(the samheeh)t iard itheydaptli icad t &4 B NELE8ed+ bgo 8agR! e12) 1 di dyngi
di ssolve at all. 10 On the contrary, in terns of the opticaY el ement
59 (the manaplserd)ss ittie sideisurd acecomsoedteodsdoL N BoragBUBY Bhe
about SO ram Al though the central part of the bottom surface of the
opth cal ¥REMEALlGE qumEngalpbboR) idisterd. change. However, as shown
in Fig. 52, the 15 anti-dissolution filmin the periphery of the
bott om sUFF&E® lkas’ )partial |y destroyed due to the corrosion on the

side surface. _. ) i ) '
Fig. 46 1s a view showing a configuration of an

optical element 53 of this example. As shown in Fig. 46,
an anti-dissolution film 55 made of silicon oxide (Si0;)
15 is formed on a surface 54A on a substrate’s side of an
optical member 54 in an optical film thickness of 0.65\A
(A= 193 nm) by use of the ion beam sputtering method.

Thereafter, a heated sided surface 54B of the optical
member 54 is coated with an alkyl ketene dimmer (AKD)
20 solution. When the liquid alkyl ketene dimmer 1is
crystallized, the alkyl ketene dimmer is formed into a
fractal structure that includes small irregular shapes
inside other irregular shapes. In this way, the alkyl
ketene dimmer is formed into a superhydrophobic film
25 having a contact angle equal to or above 160 degrees.

This phenomenon is understood by the fact that the
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(Exanmple 8) Fig. 53 is a view showing a configuration of a 20

transm ssive optical elenent 50 of Exanple 8. As shown in Fig. 53, a
silicon dioxide (3i02) filmb54 is formed in a thickness of 200 nm on
a surface of a substrate of calciumfluoride 52 by use of the
sputtering nethod. Next, a silicon dioxide (5102) film56
is formed in 25a thickness of 50 nm by use of the wet filmformng
met hod, %%83¥ Zpin co tiag in particular, on a surface of the
silicon diCoxXiUE G 82T S PAFM SRR ThEP S ROANBE 161 tHe S LR $8EBIBY t he
substrat f. gal.cium fluorjide 52 by use of the sputtering nethod.
Speci 11 odiTy, SEHE ERTHERCT SR B ¢ 17 P oTer i 195 v PRBFE

sal -gel si|l4 5. solut i f fd Il mform at _a rotatin eed
of the s%lt?sg{tl%t% il% af%trfén%ae ﬁ%%]e%oégatcot%ooﬁgggggflﬁtei g’r?s‘”ﬁé‘? ﬁﬁﬁute.
rere, theurddad ekncesael sthe slidLon,dloxLde (8102) filmS6 to be
formed by the wet filmformng nethod depends on the concentration
and vi scqsiotnfmfa t he sol-gel 10 silica solution for wet film
formng, the rotating speed of the substrate in the spin coating
process, the t eratwre, humdity, and the |like. Accordingly, it is
essentimmeypgggwg;%FvamélyticaI curve concerning the film

t hi ckness of the %ilicon dioxide (5i02) film56 15 relative to the
concentration and the viscosity of the sal-gel silica solution for
wet film fornhgrby yseemftdheueaneanteakion and theiv,sgasiiyr et the
sal -gel silica solution for wet filmformng as paraneters.

Meanwhi | eurtflee o itlansivmkobss biqthe, sahidcen dieaxitdss (1Sit2)r4é1 8156
20 formed by the wet filmformng method is set to 50 nmin order to
m ni mi ze*CERSAEPELNESD BhetR! #€ pMd Waenl tweidi | nhs Mhskieds Bhishe
si]jcon dioxide (S.02) filmb56 is set equal to or above 150 nm it is
né%%ssargofgugfy SAGR He B deckee fuyhee §eReVAERBICBA PheSTil m

due 25to stn§§s reh§xatéop.
positive > 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 £ilmon the side
surface, it 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 applying a silane coupling agent (1H,
2H, 2H, ZH-perfluorooctyltrichlorosilane).
Alternatively, 1t 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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Next, the silicon dioxide (Si02) film56 is subjected to an

anneal ing process in the air at the tenperature of 16000 for two

hours to evaporate al cohol, which is a nain solvent of the sol-gel

silica solution for wet filmformng, and to sinter the silicon

di oxi de (8102) film56 formed 5 by the wet filmform ng nethod. The

anneal ing process is perfornmed on the silicon dioxide (3102) film 56
iumfluoride 52 is evenly

inth i ti trat f |

noat o0, ACCAHihg] Yo RoE BAREGS O "Vart dis o FRELRESSHREIEA he
Canon ssi ve Rt Faar S breniC BbN (A (LSt SPVBD Lo 4 PRFhoma2
As sh [ ' g t 0. ne : |.e. holder. 81, th
ci roul at Son o B2 e (o BBt ool babor Saaaary ST e S b the

buf fer 1 anlker@ht 2b5 Hirsul 36 Ol e $agPLa doldals Bl i £, 9PFM yand
ce. e

the O-ring 85 is provided on the open surface. The surface of
transni spiyveseps f oale WAMEAN 50 WhAENY hBehSId i ﬁ?%?'é’&f&'? d&102) o

films 54 and 56 are forned on is attached to the open surface of "t he
sanpl e hahdear8icandr.s Seaingdmeighksidth tthe B-iIrdgM3TF, ) Deytesated

water is supplied fromthe deuterated water supply device 83 by use
of the cbhcalsaitdersypuipc8 Arthd s adld iowed 1ha f 1 dav dpisi kel tdreesanpl e
hol der 81 through the buffer tank 84. Here, the buffer tank 84 is
provi ded2Fnt e dért ¥vdbs evbnt ionahbhndgl oseod £ ity akitohs a5 rif heg
circulation punp 82 to the sanple holder 81. Mreover, by supplying
deut er at BETRRCer (@R0)PY nstRERY of COpliiadnatier ERMicwtars poskhél e
t neasuretaQ amount of deuterated water infiltrating the surface of
t HE t r an8RFESE St chP ™ ef eHRnt d8Bti fadhéOdEpehanitieciss aFtken a
r resi n thirty- ter resistance test_was
\(,:Vg‘;guct :gﬁzénao%emgaeﬁéle%a\lts fot1¥nedda¥)nwgn optfcaf efement 57 shown
in Fig. 47. This optical element shown in Fig. 47 is
defined as a sample 1.
Silicon dioxide {Si0;} is formed on a bottom surface
15 of a rectangular solid calcium fluoride optical element
as shown in Fig. 48 as the anti-dissolution film by use
of the ion beam sputtering method. Then, the alkyl ketene
dimmer solution is coated and dried on a side surface of
the calcium fluoride optical element as the
20 anti-dissolution film. The anti-dissolution film
identical to the anti-dissolution film of Example 7 is
formed on an optical element 58 shown in Fig. 48. This
optical element shown in Fig. 48 is defined as a sample
2.

25 Magnesium fluoride (MgF,;) is formed on a bottom

surface of a rectangular solid calcium fluoride optical
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use of the tester 80 while a traveling speed of deuterated water on
the transm ssive optical elenent 50 was being set equal to 50 cnisec.
As a result, the filnms forned on the surface of the transm ssive
optical element 50 were not 10 peeled off, and there was no change
in the appearance of the transm ssive optical element 50. Moreover,
as a result of evaluation concerning infiltration of the deuterated
waterilﬂ(itﬁghéurfaq$ of Ihg?lran 1 ssive optical elenent 50 in the

depth di rection it aceotdattd 195 W 3 tihe Sadchivht s bntiassfiln

spectro S i .confirmed th t he deuterated water did
not i nf irrﬁl{gtS(ee #ﬁh?h&eesi R oorﬂldégﬂel%é]' or by FRE2Y PP e EANAY

met hod i s usgd+as fihe. dry Lisl ' thod 4 n_Exanpl . Instead,
it is possi %I e to form t%l‘eSlg(r)Q %Iﬂ[rrﬁa %rggfag\?gr?tf‘ﬁgurdggggleaﬂ oﬂﬁéns t he
transm ssipte @pt icodm&h €N nYyUse #f ot heg U : r, deposition
met hod or the CVD nethod. (Exanple 9) ° l%ﬁ%rﬁgéx%t%?ggst rga?%rﬁ‘lbggi ve
opti cal @&l efrentenénEsbpdampnte 259 Wil | be described. A magnesi um
fluoride (MgF2) filmis formed in a thickness of 70 nmon a heated

cal cium fl uoridee Babsbwaheg dbypuasemehtt figs VRECHEGTMAR0Sy GRROSIE £ Q1
met hod. Here, when heating calciumfluoride to formthe nagnesi um

fluori desempE®s fillm2n andc@um Fhe.ergorescahcivinaf | gaekdeg a
substrate shoul d be evenly heated in order to 5 avoid danage or
vari at i ofonf i shbpe of sheespefaoendtal ideutiadd e thuwe thietsal 66
i mpact on the calciumfluoride substrate having a high thernal
expansi of tc &é&fef iteimmr a by @ov®r 70Whelrs heatt i gt ora clooh k ngd thedead ei um
flyoride su.ibst rate, it is necessarg to perform heating or cooling
1 a |8®|¥ﬁ%§er ether ketone (PEEK) which is large enough for
the volumes of the optical elements 57, 58, and 59. A
beater 68 made of Teflon (registered trademark) is put into
the pure water 66. As shown in Fig. 50, the optical
elements 57, 58, and 59 are put into the pure water 66 so
15 that only the bottom surfaces of the optical elements 57,
58, and 59 are soaked in the pure water 66. The tank 64
containing the optical elements 57, 58, and 59, the pure
water 66, and the beater 68 is put into a
constant-temperature tank 70 to maintain a constant
20 temperature.
The tank 64 used herein has a sufficiently large size
relative to the volumes of the optical elements 57, 58,
and 59 to reduce a liquid level change attributable to
evaporation of the pure water 66. Moreover, the beater

25 68 is used for maintaining constant solubility even when

the optical elements 57, 58, and 59 dissolve in the pure



Subsequently, a silicon dioxide (Si02) filmis fornmed in a thickness
of 50 nm by use of the wet filmformng nmethod, or by spin coating in
particular, on a surface of the magnesiumfluoride (MgF2) film which
is formed on the 15surface of the substrate of cal ciumfluoride by
use of the vacuum vapor deposition nmethod. Specifically, the surface
is coated with a commercially avail able sol-gel silica solution for
wet fil mfqrdd ngs at 1,09 of .the substrate in a rapnge from
1000 to 2000 revol u%?o%kgégéjéppgrég%g%&tee.a tIE?euréef,Je]i hseoa#l?ifh??hi C@(Flgg’s” of
the silicgonagdisexbdes(1fhQ23 il Mto beifor wet _filmformng
net hod depengs on the concentrati _oon aﬁ%gvﬁgo‘%{%%@%% ?%%mg%&ggi’
silica solgyt e EQFiﬂethélﬂ;ﬂ}é%ﬁ’t@ﬂ6@{‘%{%?%%@&?9@}18%5@@01{1

e Y,

substrate in the spin coating process, enperature, huni di

and the Isikeackocandi tBkYsidd sus fessaNtieal & RFO0pes Lhe @&?Jsé%%ca'
curve concerning the filmthickness of the silicon dioxide i 02)

filém r el afliowerttcs t hB7¢oncesyt r abhan a@wl therwi saesddyrof t ha spol - gel
silica solution for wet filmform ng by use of the concentration and
t he vi scésiey nfagumresohtgpdugelhigning sesdlivangf poweet ofi ¢ 0@k M ng
as paranmeters. Meanwhile, the filmthickness of the silicon dioxide
(8i 02) filmforsdhayn timeFdet $11 mbfobritipmeturdtdes sed tbe5diden i n
order to mnimze tensile stress on the film Wen the filmthickness
of the sFRFEGFSR O §8e(SPb2radi pAremsendet? 1bheqaamprie bl ahdvehd50
nm it is_nece sary t%ﬁg)é Zttenti on_ because cracks ma{be gener at ed
on the fPPM¢Gd £4°88 r éFARatamte 2) did nektdicme lgel aEanll-
dioxi de i filmis suhjected to the annealing process in the air
e OBp6Fk hPRTERY V5 LrBGETTt Sine Mo GPE X5 et 3 cotieh

at" the téenperattre o

uhi ch | Soghe sy Sehuent f Lhe sl 6] sf)ica soltion for vet {1 m

formng, and to sinter the silicon dioxl

21 and EheUent & bubsi et S Sl caltl QelbOrtusA e 15 SUany Tl ed.
Accor di nglyfaR@ dFRER Sbtical element 59 (the sample 3) did not
change. However, as shown in Fig. 52, the
15 anti-dissolution film in the periphery of the bottom
surface was partially destroyed due to the corrosion on
the side surface.
(Example 8)
Fig. 53 is a view showing a configuration of a
20 transmissive optical element 50 of Example 8. As shown
in Fig. 53, a silicon dioxide (Si0O;) 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

28 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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variation in the shape of the surface occurs. - An experi nment
was performed by use of the transm ssive optical elenment of Exanple
9. As simlar to Exanple 8, a thirty-day water resistance test was
25conducted by use of the tester 80 shown in Fig. 42 while setting a
traveling speed of deuterated water on the transm ssive opti cal

el enent of Exanple 9 equal to 50 cnisec. As a result, the filns

formed oBibhessurd ace; o (BE o agahsSae GpELEAL el BBty wer e gt
peel ed of f, and there was no change I n the appearance 0 qhe

transm ssur€ade oft 62l sabewRnire Mar 88YRHunAE 1808y 520f ex‘i?’a“@%i on
concerning infiltration of the deuterated water into the duFface of

the transhiessipetopriedl wbeneat | sgder fees by diragtd opui-i a@ccof dance
with the secondary ion mass spectronetry (SIMS), it was confirnmed

t hat t hecdeditesr avethlOnatermuek tehal Liynfavat RABlentsn 1hge $i |4 CoNc i de
film The vacuum vapor deposition nethod was used as the dry
fi19m f or APAY tthd® 4 etk driplre B riiinsy exid,a intotist pogsipeedtof foen t he
filmfor preventing dissolution of the transm ssive optical elenent
by use ofUPRETSHA tiehi Agravaet AEeTorl ¢He VIR ARPhodvolBtdnple [y

Fig. 54 is a view show n% a configuration of a transm ssive optical

el enent BANYLeExalFire 1GFhadildm ad et ich dficestildr et fdictx kde a
centr al v<§l enptr ong 193.4 20 nm  As shown in Fig. 54, a |anthanum
f1uori de\??ft EB)THHT m 8F QL catPrmed Paykhe e helghisifinmminpmaidgdyr2)
filmbe6l econd_] ayer, and_a_ _l.anthanumfluoride (LaF2) film 62 as
a third Fopercs g o %ﬁe%gﬁﬁﬁéf’Pa?B mRHBCBFLEY RF Ui ¢ 1SRy T 4R!

C
aver “&r 87 or red

(Q@FZ) 5@1&?%%eg09$tﬁﬁﬁl%&ﬁp%%th%%ﬁgp%dfﬁing, 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 solution for wet film forming by use of the
concentration and the viscosity of the sol-gel silica
solution for wet film forming as parameters. Meanwhile,
the film thickness of the silicon dioxide (Si0;) film 56

20 formed by the wet film forming method is set to 50 nm in
order to minimize tensile stress on the f£ilm. When the
film thickness of the silicon dioxide (Si0;) f£ilm 56 is
set equal to or above 150 nm, it is necessary to pay
attention because cracks may be generated on the £film due

25 to stress relaxation.

Next, the silicon dioxide {SiQ;) film 56 is subjected
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25accordance with the vacuum vapor deposition method. Subsequently, a
silicon dioxide (Si02) film63 as a first filmconstituting part of
a fourth layer is formed in an optical thickness of 0.08% by electron
gun heating in accordance with the vacuum vapor deposition method.
Then, the calciumfluoride 59 including the first layer to part 5 of
the fourth layer is taken out of a vacuum chanber. Thereafter, a f
silicon dicodirde &) ndidryE458S; ongd..fi pfuti art. o
the fourth layer is for(%e% in gﬁ %)lgt?lggl Q?ﬁi%trr?elggngérhﬁeﬁﬂg/gﬁg Phe

wet fil mifemrel g rmelBOHouel BY SPLBCQRLI 09 articul.ar.. Next, the
10si | con di oxide (5i02) film6d iisa°subj earsd e 1 S es Fngain

process isolienmblf ahetdrel t@apenativLsel 1806 For #d@fﬁ@ﬁrﬁofﬁiﬁgm er
the silicon dioxide (Si02) film®64 fornmed by the wet filmformn

met hod. R& et isdntiendi ths nilékani vd o de | |, )f | i hayvé ngo t+hed
central 16 wavelength of 193.4 nm and optical filmthicknesses nd
rel%at i vebothrevptghi 1nl fixrhavonge thedcenThal anavel engt brote493: &
concerning the substrate, oxide filmnms, and the |ike constituting the
transm SE%\%O&&H%&H shenBat isgnwilipxBdel i(§16d) bl w5 208ubserat e
CaF2 (n= 165%1; Fi (:st layer: LaF2 (n= 1.69, nd= 0.60); Second |ayer:
MyF2 (n=21%30CngR o865 M oPhiradq ayeFal EAPR fhE0OTi6G S5Adis &)Y

Fourth | ﬂ%%ri::eds.i O%C(c%:r&iz?glypdn:o %a:'!r'nza)g;e aorJ]:dvariation in the shape
of the surface occurs.

10 An experiment was performed by use of the
transmissive optical element 50 with the tester 80 shown
in Fig. 42. As shown in Fig. 42, the tester 80 includes
the sample holder 81, the circulation pump 82, the
deuterated water supply device 83, and the buffer tank 84.

15 One surface of the sample holder 81 is open, and the O-ring
85 is provided on the open surface. The surface of the
transmissive optical element 50 where the silicon dioxide
(Si0z) 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 holder
81 through the buffer tank 84. Here, the buffer tank 84
is provided in order to prevent transmission of vibrations

25 of the circulation pump 82 to the sample holder 81.

Moreover, by supplying deuterated water (D,0) instead of
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25Medi um H20 (n= 1.44) An experinment was performed by use of the
transm ssive optical elenent 58. As simlar to Exanple 8, a
thirty-day water resistance test was conducted by use of the tester
80 shown in Fig. 42 while a traveling speed of deuterated water on
the transm ssive optical elenent 5 58 was being equal to 50 cm sec.
As a result, the filnms fornmed on the surface of the transm ssive

opti cal qhﬁr@n,;a@@rv\@g%)nptitpeleg ?Og{blgngotlggge was_no_change in
e

the appearance of the transm ssive optrcal ~&l'eneit "582 \MBlreYVer ©fas a
result ofdcaviadtattgQn ¢ ni; ; infiltration of fhe deuterated
water into the surfacegg%%{ heﬂ?fr%ﬂr;gﬁgi#ée g%tei cﬁ%re#aecrreento 8 ? ®t he
dept h di rectrisn & 9i ascepdarca didnd CORARhy. | S$; ;
spectronmetry (SIMS), i tbvvas confi rme]ggt ﬁgt Q?hg%elﬁ%e%lﬁ% 1érlotrlli d
not infilafitete 4 watehe reislintanldd Bxaspl e 11) Fig. 55 is a
view showi ng a configuration of a transm ssive optical elenent 65 of
Exahpl e 11. AshAstiintiyndBiygwabsr mesusfaced reatheat tsnpecheyneg on
a substrate of calciumfluoride 66. Specifically, the substrate of

20 cal ci WHef PdoEhdet &5t &5 HoMhsiHed ant rhva 142000pgedN0f SdONEt Bt ed

i ncrease surface roughness and the surface area thereof. Then, the
subst r at #3dfe i ahct i Y Rdesé8e abtthalsebebpatt 0 wass bbenguséace
treatment by polishing with the grind stone, is coated with a silicon
di oxi de S8 %ﬂ %IQ\ SBEFSCnhi A8 3eF 968 14s Hheokidmsaforndidssol thieon

film ins%rtéwai ckness_.of 100 nm, b\s/_the wet filmform ng nethod, or by
spi n coafiPAg AT T t 10l B 2R RBL £ 5 1P Ke OBt icedh diheife §&i02yefiom 67

S o PRt D 4 IMEUADG REPSES ALl Mk S ebsTREF ey
fornmed bynther Met shih k@i ve optical element 50. Moreover, as a
result of evaluation concerning infiltration of the
deuterated water into the surface of the transmissive
optical element 50 in the depth direction in accordance
15 with the secondary ion mass spectrometry (SIMS), it was
confirmed that the deuterated water did not infiltrate
into the silicon oxide films.
The sputtering method is used as the dry film forming
method in Example 8. Instead, it is possible to form the
20 film for preventing dissolution of the transmissive
optical element by use of the vacuum vapor deposition
method or the CVD method.
(Example 9)
Next, a transmissive optical element of Embodiment

25 9 will be described. A magnesium fluoride (MgF,) film is

formed in a thickness of 70 nm on a heated calcium fluoride



5f ormi ng met hod. An experinment was performed by use of the
transm ssive optical elenent 65. As simlar to Exanple 8, a
thirty-day water resistance test was conducted by use of the tester
80 shown in Fig. 42 while setting a traveling 10 speed of deuterated
water on the transm ssive optical elenent 65 equal to 50 cmsec. As a
result, the filnms fornmed on the surface of the transm ssive optica

el ement t..peeled off, and there was no change in the
appearanggn%§%f%g8t? nsﬁﬁsggvghgpyﬁ&ﬁuqﬂ%ﬁﬁﬁﬁ >OS3E1RBr B6FEP-as a

result of I i.0 i .nfiltrati,on of. the, deuterated water
into thefgﬁ¥$hg€&% HF gqgﬁggéggégfbgi%ﬁfﬁgﬁfuéﬁgﬁﬂhF 65 TAYPRELYEPt h

di rect i orxiigh ACEOr AANGEE WM he seco i on, YRSS _Spect r onet r.
(SIMB), it was consirne& t%g%&tﬁg eu?g%%¥ga wat er ﬁ%lﬁbtcgECl o
iy 30 1S

20i nfiltraheiide bhBshidate RAleiepeeXaMR! . Ated in o
a view showi ng a configuration of a transm ssive optlcaT el erment 73

of $@fer@m&idﬂ@amhgeZpﬁMw£hiQ@$oﬁnﬁﬂ“ﬂhéeéhgﬁEi%%‘%ﬁ@céuﬁﬁaﬂe
central 25wavel ength of 193.4 nm As shown in Fig. 56, a |anthanum

fluorideaftitaF3ufabire76cas whéimsl layeetr anMegeeshusYuhl H0nbde4e
(MgF2) film 76 as a second |ayer, and a | anthanum fluoride (LaF3)

film77 aakstiite hayéngare Higghethennalselptmatieo madee ofieakaktum
fluoride 74 heated bﬁ resi stance heating in accordance with the
vacuum v#edre Feposi ¥hen heatdttbder Subséfnenthy e lsiiumonldboxiide
(SI02) film78 as a fourth layer is fornmed by electron gun heating in
accor danS¥BR T the VhckRimsaporaaEpeeiRebio Bt hedting or ceeténgt he
Iqﬂ}hanun1flu ride aF3) film75 as the first layer, the magnesi um
il oridea(twﬁ’F%O‘ﬁ’iJF 96 as the

Subsequently, a silicon dioxide (Si0Os) film is formed
in a thickness of 50 nmby 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 vapor deposition method. Specifically, the
surface is coated with a commercially available sol-gel
silica solution for wet film forming at a rotating speed
of the substrate in a range from 1000 to 2000 revolutions

20 per minute. Here, the film thickness of the silicon
dioxide (S10;) 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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10 second | ayer, and the |anthanum fluoride (LaF3) film77 as the
third [ ayer collectively constituting the transm ssive opti cal

el ement 73 of Reference exanple 2 have the sane refractive indices n
and the sane optical filmthicknesses nd relative to the light flux
having the 15 central wavel ength of 193.4 nm as those of the

| ant hanum fl uoride (LaF3) film®60 as the first Iayer t he magnesi um

f1uori de £ h d | ant h
Fl oot do TR ihedB28 o35 hR% PEFORS, d Pt @%?Fsenc% VERyTCBRLEF LU ng
the t |2 120,,81 8 of Fx Me le. th
LT Gon S S CoOREcq e SRR Ol BRI O?,fgst%fa‘?g Lggr 1N
refractiwg tiindex sg1and dihe £5ane, 9pt i £ mf'fo%%?{gigg 25X as% aiye to

the light flux having the central wavel ength o hosS€ of

the silicondlroxgei S QA filen 63sand it 5sifhicqn idiox d 2)
film64 COﬂStItutInB the fourth Iaier 3t®E;§npthé Ho1g¥d §1£§E9

exper i mesbo Iwetsi rerfor e B s € cafm e 49 pRsHERsE s OptuEahwRE gRENL
73. As sinmlar to Exanple 8, a thirty-day water resistance test was

conduct edhgy friskmothtikérteast es £ 8@ hehawinl i dofri g1 043 dwhi t €168t t ENYma
traveling 5 speed of deuterated water on the transm ssive opti cal

el enent IRr@qealbynt ¢ 180 wall sieiclm Af¢emihhemabhor Leskstapneestesh, in
infiltration of the deuterated water into the surface of the

transni s&F¢eoptd calnErbrente78iile Ste adeptdn directibn. waghevatat ed
in accordance with the secondary 10 ion mass spectronetry (SIMS). As
a resul t FaButS A Re SRt W bl beerddipuirendSifg) déidh Lheset

SI| con dIOXId (3f_02 i 78 as .the fourth layer fornmed on the
su##ace 6% e 3ﬁ_%#%¥ VgggﬁchaF SFRBRESTr Yaha PaAYtHe &R Ei ARt y

f th A h f1 upr d il h
Chi r 1 apsre e eaqhd By B A R R hanl bsrue bpcs bapes

el ement . @f Refiergnce exanple 2, the transn133|ve optical element of
Enbodlnent 10 can prevent infiltration of and corrosion by deuterated

wat er wit hout ﬁ@ﬁﬂg'BHetQ@l@%bh?@10£¥h&h€§ﬁ&ge@fﬂﬂW&é'E%ﬁiéFF£E

57 is a graph show ng angle-reflectivity characteristics

froma medi uRe(phneanaher i:rb%elsrscwheeheoalkhgttt{@élstf@ﬁﬁéy&t&%' &9'
el ements of Exanple 10 and Reference Exanple 2. A solid line in

Filg. 57 hedrcates tanrgheukef t 8Cdvahd Ya2acher b el vt &8 i £8e main
pol ari zati on conponents of the |ight

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
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incident on the transm ssive optical elenents of Exanple 10 and

Ref erence Exanple 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 Reference 5Exanpl e2. Asshowni nFi g. 57, t he angle-reflectivity
characteristics of the 5 polarization conponents and the P

pol ar i zattrerm sePenest $afi dde Lightnikngdent. @ 1&“? tercﬂl‘éf“' 881 &
1 ef erenc

optical elenment are equal between Exanple 10 an e Exanple 2.

10 Accordim@ac. | tad s apparen) thateihgst rapanbsshvenarticel gl grents
of Exanple 10 and Reference Exanple 2 hgve t he idenﬁl%a hggtaic%aigl}e

char act ertihst itesun simnidtist vé alp APEA L cabihéhy WEAS despidiady akaveqnizhe
present invention can provide an optical elenent configured to avoid

a tip portthiegre ofasangr cheaiconnophiecapp sy stamel boMbei hga €oni 9dedeby a
liquid when the liquid inmersion nethod is applied. Therefore,

accdrdi n§Pttd @dhe ptesent .i nhent¢onerit aiss a 20epodsi hife ¢vapuavida an
exposure apparatus which is capable of sufficiently.preventing

di ssol ut COR ST Hed ot f EhfraképBnefahiend¢ntaraitrg wptiecainto the
performance of the projection optical systemover a long tinme period.
CLAI Vs FRE Coeptqfcglhéeltér?é}ﬁmlt%sb%e&% 18t aherrpdsinethppaentbs
configur%qr%%éﬂl um.nate a ngsk with, ,an exposure |ight beamfor
transferrifg a patteérn DACPhERESk BAES ahtbSEEIany odgm amass

rojecti t S he el enent conporjsing: a transm SsSive

Basle mat g%ie%%fhog%%gyagﬁﬁss{’ Su f"'z?@ec8ﬁ%\?ﬁw ﬂ%hé‘%et(]b%s‘m‘étﬂf@ﬁ?dbeam
e rs i t By 1 $Si ; i a.second surface. on whi ch
S poant e R A0 2RI L0AN% A B & RO R et a e

contacts a |iqehd wWakhamt k}gip@%s'ﬁeip%sjilﬂi% r}?é@lq%ég ‘%Qstﬁlgegxggsgflg

| i ght beam and a third surface béing between t irst surface and
second sdtfacei of FhenihansieSsbéyeihass Bial, and+dag, it is

i ght-shielding filmprovided on the third surface of the
transm spowve ilbdse tmatfidah.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 1s 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 Flg 54, a lanthanum fluoride (LaFs) film
60 as a first layer, a magnesium fluoride (MgF,) film 61
as a second layer, and a lanthanum fluoride (LaFi) film
62 as athird layer are formed on a substratemade of calcium
fluoride (CaF2) 59 heated by resistance heating in

25 accordance with the wvacuum vapor deposition method.

Subsequently, a silicon dioxide (Si0,) film 63 as a first
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2. The optical element according to claiml, the light-shielding film
provi ded on a portion of the third surface that connect to at an
angle to the second surface. 3. The optical elenent according to
claim, the first surface is a convex surface and the second surface
is plane surface. 4. The optical elenent according to clain,
wherein the light-shielding filmis formed of any of a netal film and

t al i i 5 , i | di. t | aim 4,
theren Che sl 5 rar A8TRaRt B2 n rETERh RESRH udr sb Hasimiphe

group coRsyisitd ; Rt , aNha T8, Pd, Mo, Ti, and Cr, and
t he netaF%g%i&ggf?%ﬁﬁggeﬁéhéﬁ%fOépaﬂeggiw%%%cgﬁPQCﬁ&Tfn?ﬁﬁ%%% dfoup

consi st i rgafr Jdh 02, wiHO2ZheTvA2uuldy ' 6. Ihe
optical elenment according to clain11§9§ﬁé§%§%sﬁﬁgC%%égﬁygﬁrelggﬁ&’
fi1m prewr sailariai sl ofe 952 16Xy ldiahte H8AMONLO. 2,5€aLNg
menber . 7. An liquid i mrersion exposure apparatus configure o]

i | 1um naré ahmsRowrth dayexpossr eakieghtoeadtf ar vidansf e£fhifge2
pattern on the mask onto a substrate through a projection opti cal
system {heregiosn e appbtatos dbopldsi Ngica)t FANGMTEESh¥Es bas8ong
material having a first surface on which the exposure |ight beam
enters i At-gT KONSEHGHE 5BYveakbsse fnther ifalur tth secpsad ssir f aggeaniwhi ch
the exposure |ight beamexits fromthe transm ssive base material and
cont act s28 19Rfuk &R Wnihé ckie smaskE i § . PHAumynatee weth ftinen expOsULg

| i ght be hagp a third surface being between the first surface and
second surface of °t h&% r¥nthi SSaF MaséPnmiteitieduland Next, the

10 silicon dioxide (5i0,) film 64 1is subjected to the
annealing process in the air at the temperature of 160°C
for two hours to sinter the silicon dioxide (81i02) 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
likeconstitutingthetransmissiveopticalelement58will
be listed below:

20 Substrate: CaF, (n= 1.50);

First layer: LaFs; (n= 1.69%, nd= 0.60);

Second layer: MgF; (n= 1.43, nd= 0.66);

Third layer: LaFs; {(n= 1.69, nd= 0.52);

Fourth layer: SiO; (n= 1.55, nd= 0.12); and
25 Medium: H,0 (n= 1.44)

An experiment was performed by use of the
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a light-shielding filmprovided on the third surface of the

transm ssive base matrial. 8. The liquid inmersion exposure
apparatus according to claim7, the light-shielding film provided on
a portion of the third surface that connect to at an angle to the
second surface. 9. The liquid inmersion exposure apparatus accordi ng
toclaim7, the first surface is a convex surface and the second

surfaceiﬁraﬂémms§QVEa@9tip%Q-éﬂ@héﬂﬁ“ﬂ@hgqﬂfgﬁ%ﬁgkgépg?ﬁggﬁpp&ﬁiS

apparatus according to claim?7, wherein t iel

formed ofs,anytf rayrabgl whtkm 28d; 8¢ ARl tOXLdg, £ iéorHV&]u&ELed-E ylslqui d
I mrer si on exposure apparatus according to claim 10, erer n the et al

filmis medéhof tatsteast) shewseliecred. ! ngnwhm@egaoypaé;@m%atEggfeﬂf

Au, Pt, Ag, N, Ta, W Pd, M, Ti, and G, and the netal oxid I'lm

i s made 6ff steutezatenevabbecordtheotrbhengrsdip € Wist &4 N0e & mEH92

Hf 02, Ti02, Ta 205, SiO and Cr203. 12. The liquid inmersion

exgosur e EpFRSatifs it &R hg- @ E ¢ lifFect urhhex cospl £ Sibge aigmal i ng

nmenber w@i%h %veghg_lgakage of the given liquid, mhgreln t he

i ght - shi- @& 5T °FF FiFi UpF8FPded Het igern thes sE uasop 68cué dhspent

naterials%fJg¥%cgg{Cgée ggn%%%,ag%érﬁaggglhgg g%mgﬁénge in the
appearance of the transmissive optical element 58,
Moreover, as a result of evaluation concerning

10 infiltration of the deuterated water into the surface of
thetransmissiveopticalelement58:Hlthedepthdirection
in accordance with the secondary ion mass spectrometry
(8IMS), it was confirmed that the deuterated water did not
infiltrate into the films.

15 (Example 11)

Fig. 55 is a view showing a configuration of a
transmissive optical element 65 of Example 11. As shown
in Fig. 55, a surface treatment is performed on a substrate
of calcium fluoride 66. Specifically, the substrate of

20 calcium fluoride 66 is polished with a #2000 grind stone
to increase surface roughness and the surface area thereof.
Then, the substrate of calcium fluoride 66, which 1is
subjected to the surface treatment by polishing with the
grind stone, is coated with a silicon dioxide (Si0;) film

25 67, which serves as an oxide anti-dissolution film, in a

thickness of 100 nm by the wet film forming method, or by
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spin coating in particular. Next, the silicon dioxide
(5i02) film 67 is subjected to the annealing process in
the air'at’the temperature of 160°C for two hours to sinter
the silicon dioxide (5i0,) film 67 formed by the wet film
forming method.

An experiment was performed Dby use of the
transmissive optical element 65. As similar to Example
8, a thirty-day water resistance test was conducted by use
of the tester 80 shown in Fig. 42 while setting a traveling
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.
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
infiltrate into the films.

(Reference Example 2)

Fig. 56 1is a view showing a configuration of a
transmissive optical element 73 of Reference Example 2,
which has an anti-reflection effect at a central
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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fluoride (MgF,;) film 76 as a second layer, and a lanthanum
fluoride (LaFs3) film 77 as a third layer are formed on a
substrate made of calcium fluoride 74 heated by resistance
heating in accordance with the vacuum vapor deposition
method. Subsequently, a silicon dioxide (Si0,) film 78
as a fourth layer is formed by electron gun heating in
accordance with the vacuum vapor deposition method.
Here, the lanthanum fluoride (LaFs) film 75 as the
first layer, the magnesium fluoride (MgF,;) film 76 as the
second layer, and the lanthanum fluoride (Lars) 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
central wavelength of 193.4 nm as those of the lanthanum
fluoride (LaF3) film 60 as the first layer, the magnesium
fluoride (MgF:) film 61 as the second layer, and the
lanthanum fluoride (LaFs;) film 62 as the third 1layer
collectively constituting the transmissive optical
element 58 of Example 10. Meanwhile, the silicon dioxide
(S1i0z) film 78 as the fourth layer has the same refractive
index n and the same optical film thickness nd relative
to the light flux having the central wavelength of 193.4
nm as those of the silicon dioxide (Si0,}) film 63 and the
silicon dioxide (Si10;) film 64 constituting the fourth

layer of Example 9.
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An experiment was performed by use of the
transmissive optical element 73. As similar to Example
8, a thirty-day water resistance test was conducted by use
of the tester 80 shown in Fig. 42 while setting a traveling
speed of deuterated water on the transmissive optical
element 73 equal to 50 cm/sec. After the water resistance
test, infiltration of the deuterated water into the
surfaceofthetransmissiveopticalelement73:ulthedepth
direction was evaluated in accordance with the secondary
ion mass spectrometry (SIMS). As a result, deuterated
water was detected from the inside of the silicon dioxide
(5102) film 78 as the fourth layer formed on the surface
of the transmissive optical element 73, and in the vicinity
of the interface with the lanthanum fluoride (LaFs;) film
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
characteristic thereof. Fig. 57 1is a graph showing
angle-reflectivity characteristics when light from a
medium (pure water) is incident on the transmissive
optical elements of Example 10 and Reference Example 2.
A solid line 90 in Fig. 57 indicates angle-reflectivity
characteristics of 5 polarization components of the light

incident on the transmissive optical elements of Example
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10 and Reference Example 2. Meanwhile, a dashed line 91
in Fig. 57 indicates angle-reflectivity characteristics
of P polarization components of the light incident on the
transmissive optical elements of Example 10 and Reference
Example 2. As shown in Fig. 57, the

angle-reflectivity characteristics of the S
polarization components and the P polarization components
of the 1light incidenf on the transmissive optical element
are equal between Example 10 and Reference Example 2.
Accordingly, it is apparent that the transmissive optical
elements of Example 10 and Reference Example 2 have the

identical optical characteristics.

Industrial Applicability

As described above, the present invention can
provide an optical element configured to avoid a tip
portion of a projection optical system from being corroded
by a liquid when the liquid immersion method is applied.
Therefore, according to the present invention, it is
possible to provide an exposure apparatus which is capable
of sufficiently preventing dissclution of the optical
element and maintaining optical performance of the

projection optical system over a long time period.
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CLAIMS

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, the element comporising:

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 contacts a liquid while the
mask is illuminated with the exposure light beam, and a third surface being between
the first surface and second surface of the transmissive base material, and

a light—shielding film provided on the third surface of the transmissive base matrial.

2. The optical element according to claim1,
the light—shielding film provided on a portion of the third surface that connectto at

an angle to the second surface.

3. The optical element according to claimt,

the first surface is a convex surface and the second surface is plane surface.

4. The optical element according to claimi,

wherein the light—shielding film is formed of any of a metal film and a metal oxide film.

5. The optical element according to claim 4,

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 ZrO,,
HfO,, TiO,, Ta,0,, SiO, and Cr,0,.

6. The optical element according to claim 1,

wherein the light—shielding film prevents irradiation of the exposure light beam onto a

sealing member.
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7. An liquid immersion 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,

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 contacts a liquid while the
mask is illuminated with the exposure light beam, and a third surface being between
the first surface and second surface of the transmissive base material, and

a light—shielding film provided on the third surface of the transmissive base matrial.

8. The liquid immersion exposure apparatus according to claim 7,
the light—shielding film provided on a portion of the third surface that connect to at

an angle to the second surface.

9. The liquid immersion exposure apparatus according to claim 7,

the first surface is a convex surface and the second surface is plane surface.

10. The liquid immersion exposure apparatus according to claim 7,

wherein the light—shielding film is formed of any of a metal film and a metal oxide film.

11. The liquid immersion exposure apparatus according to claim 10,

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 ZrO,, HfO,, TiO,, Ta ,0,, SiO, and Cr,0,.

12. The liquid immersion exposure apparatus according to claim7, further comprising:
a sealing member which prevents leakage of the given liquid,
wherein the light—shielding film is provided between the transmissive base material of

the optical element and the sealing member.
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