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1 DESCRI PTION LI QUID | MVERSI ON TYPE LENS SYSTEM
PRQIECTI ON EXPOSURE APPARATUS, AND DEVI CE FABRI CATI NG
METHOD 5 Priority is claimed on Japanese Pat ent
Application No. 2003-337087 (filed Septenber 29,
2003), the contents of which are incorporated herein
by reference. TECHNI CAL FI ELD 10 The present invention
relates to a |l ens syst &HSGRPEHONs i ncorporated in a
proj ecti on exposure apparatus and the |ike, for
transferring a mask pattern onto a photosensitive
substrate in a lithographic process in order to

f abiQUHD EVIEERSION TYREILENS STSTESL maleﬁs@"n@ﬁ%%suﬁﬁd

nore particularly relates to a liquid I mersion type

| ens Sys{rgmRAar ' ' Xf@ﬁ?lgf hat

i ncor por at es the@%r??ﬁg% an @A@@m@ﬁ

fabricating nmethod that uses the liquid inmersion type

proj ecti on exposure apparatus. BACKGROUND ART

Utr rYi | et ;l.aser [ight, which has a wavel ength

shor &P friaithed op Japangsgftatent A pplication No. 2003- 37682 (filed

| ight Jin projection exposure apparatuses for the
Serﬁﬂﬁgﬁgéa %‘5)030,4@ eQuienipoftiich 20 ivcoppsatedheremMyltfedmee.

Proj ection exposure apparatuses of this type that have

been commercialized include one that uses the

currently mainstream KrF exciner |aser, which has a

wavel engt h of 248 nmrganpNieng, tfrp uses an ArF exci nmer
| aser, which has a wavelength of 193 nm In addition,

i 11 oF B RSO R B AP oA TS TRPnEd i

e exposure |light (refer to Japanese 2
Pro ng@a'?)n&%é‘%e %é?até%fls %5’31%? ﬁg oif ,anﬁfe%é‘tg PHBTK RALTTONING .
3114

Q- 30 Japanese .
- pho_'t_gsensmve substrate 81 anht]slographlc process in order to fabricate devices, such as .

semiconductor devices, and more particularly relates to a liquid immersion type lens
system, a projection exposure apparatus that incorporates the lens system, and a device

fabricating method that uses the liquid immersion type projection exposure apparatus.

BACKGROUND ART
Ultraviolet laser light, which has a wavelength shorter than visible light, is used
as the exposure lght in projection exposure apparatuses for the purpose of increasing the
exposure resolution.  Projection exposure apparatuses of this type that have been

commercialized include one that uses the currently mainstream KrF excimer laser, which

. has a wavelength of 248 nm, and one that uses an ArF excimer laser, which has a

wavelength of 193 nm.

In addition, a liquid immersion method has been proposed as a different method

that substantially shortens the wavelength of the exposure light (refer to Japanese
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Unexam ned Patent Application, First Publication No.

Hl 0- 340846, Japanese Unexam ned Patent Application,
First Publication No. H 1-176727, PCT International
Publ i cati on No. 99/49504, and the like). This nethod

i nproves the resolution and/r 5 the depth of focus by

upmking .use of the fact that, if aliquidis filled
RSAmAA Pate licatioit, FisePubtlicationde. E40-305 1 phtiamakse
system and a wafer, then the wavel ength of the
U’@%‘ﬁ@&\?ﬂé’ﬂtem application, Férst BuplicatidnsNd./HI 06340886, Thgdne®f 1 N
air (where "n" is the refractive index of the |iquid,
Ungisin ineid PatenCApyoicatich), FirkiMVigation No. 1 11L G im&%%ﬂional
type exposure apparatus, there is a possibi’lity
Publiatioh N, DomTes (R e Gl ' he l.ens at .the
front of the pré%gt%:{th}agl#b'e\r?‘s}%g ?%é?%gnyé rogggttﬁ%%? tion and/or

thi\ Flg%i{fgcésﬁeljrrlél{hg%g{eyoggﬁa tggtggétf}ff gilgﬁiﬁgp %ﬁl@il&;ﬁﬁ%ﬁf !gwire?

f. the pr.ojection lens is |large and short
Su}v%b\% eOF‘Ig\ R 8‘%1 ﬁmoﬂlaﬁ‘%\z{; SHitEt apd gmafarghensthd weselehgh of fosupesure
. light, .the energy of the light itself is extrenely
hgﬁ‘i lgﬁf}e liged st ows they ofin aitt(evberegint’ is the refereise Bidax BY the liquid,
at locations close to the image form ng 15 pl ane.

whighis éduedtdy, there is a possibility that the front
l ens, in which the high energy exposure |ight

concHowewdrsia a liguld infri@sien kﬁe%xﬁmp?hfgﬁﬁ; gag%gga %%sgibility

period of tinme, thereby shortening

o pacur 6 it il o@ds et Bl font HER Br @bl thercoy
R, SRR UM o PR Db . e piosly kst ipmersion type
xRt 60U e 8ich BFQLk OF e Py egtbodensns bsrobyhort wavelength
Bl BT e3P cftcsorme lihisthe hose of e Hight ol éitmcly

o forman antireflection filmappropriate to the

hi d(thedengitnakthe lightdnérbasthshalyly bslobala@s clodicthe iRl th¥ning

in increased surface reflection at the parallel plane

plaﬁ. Ete(“fe)ngqrqmenntga derde grpasabilifnhatute H8nt 18, {d ®hn %%iélbgnergy
exposure iight concentrates, will erode in a comparatively short period of time, thereby
shortening the life of the projection lens, i.e., the liquid immersion type exposure
apparatus.

In addition, there is also a possibility that impurities in the liquid will adhere to
the surface of the lens at the front of the projection lens that contacts the liquid.

Here, it is conceivable to protect the projection lens by providing a replaceable
parallel plane plate at the front of the projection lens; however, it is difficult to form an
antireflection film appropriate to the parallel plane plate if the NA is large, which results
in increased surface reflection at the parallel plane plate and image degradation due to

flare and the like.
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Therefore, it is an object of the present invention to
provide a high performance liquid i mrersion type |ens
systemthat can be used stably for a | ong period of
time, a projection exposure apparatus provided
therewith, and a device fabr3cating nethod that uses
t he oj ection exposure apparatus. 5 DI SCLOSURE OF
I N\/Eﬁghe ¢oit Somabiachef the presens meatietoprotilenkighgerformance
1_I iquid i mersion type | ens system according to the
1qWi¢ Bemergipa iyriedens systemchat cat 8 ued edlly fah | BBl QPtifhe, a
body that has an optical surface at one end along Its
projstiiaedxpasirs agpacatidybvided iheredvithl Rida W&%}S}ictahﬁg ang};ha)d that

optical 10 surface contacts a first I mersion

us€dihe prdjé@idh e%&m&,@%ﬁaﬂg_ nmenber that has two

surfaces, one on e end along the optical axis, is

di sposed opposing the optical surface of the optica

system mai n body, one of the two surfaces contacting
1d, the other of the two

the first imrersign liqu

surfaces cont actiﬁbg%ug&%ﬁﬁ K BEENTEON| i qui d; and (c)
a hgl ding nmenber that detachably supports the |ight

t r ansfiselve Hig abewtreentioned prabletsea bipéd ibmeiidhags: PRPSSRH
the optical surface of the optical system malin body.

acgding ¢ thg firg itveatieh imeRiden (h)amash ik GYiicn R b SdvORat MR S
| ens system the light transmitting nmenber |

optica pasad a0pROSid ' f.the optical .
sysm M 1 n %ﬂygl,}%é%g%l%g‘rsgé g?@fﬁ?‘é%é‘p"‘%‘? hyr Wﬁ? pffcal

suff&deRoRQeky 5 j : rt fromthe target,
such asg%ﬁéﬁ S\'Xg%?%%gh(?%%gﬁ g%g Ryt d2n ?rés?a, has two
' ' | sposed on the. second 20 i mersion liquid
S“'\si,%g’, n%’ %Irl g%%’ﬁe“t%ﬁg"“lgi FYPUCALRINTY $ipRagedenssing therentishlysurface
ij[hteoi 8 aﬂos? ble.to avoid damage to the optical system
TSR0 SYPC At brdy: ene, of dhe oy ayifacesaontaitingathe first immersion
" @ﬁﬁ@ bi Iitiy that the light transmtting nenber will be
TEnG SthepYf haeve agbiees ¢omtrstisg @secohd Guindrsindidult and (c) a
condensed processing light, or that inpurities in the

holdingapembenitat detochably syppattsthé ligladhaERitie HBGHL
transmtting nenber, the perf%lfcmance1 oI%the Iisguq?%ﬂ}%(me

surlfamppxjsemtht: ypeicdl 8itSact B IR WpHad s?ﬁelﬂ%arj‘ﬁ f%d}e d over the
ong termby replacing the |igh

According to the abovementioned liquid immersjon type lens system, the light
transmitting member is disposed opposing the optical surface of the optical system main
body, and therefore the optical system main body is disposed spaced apart from the target,
such as the workpiece (photosensitive substrate), which is disposed on the second
immersion liquid side, through the light transmitting member. Thereby, it is possible to
avoid damage to the optical system main body. In addition, although there is a
possibility that the light transmitting member will be damaged by the second immersion
liquid and the condensed processing light, or that impurities in the second immersion

liquid will adhere to the light transmitting member, the performance of the liquid

immersion type lens system can be maintained over the long term by replacing the light
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4 transmtting nenber with a new one. In addition, in

t he abovenentioned liquid i mersion type | ens system

the first imersion liquid is isolated fromthe

second imrersion liquid. Thereby, it is possible to

prevent the problemof mxing the inpurities and the

like. in the second imrersion 5 liquid into the first
transmpting wembergyithia néwioneldi ti on, in the abovenenti oned

l'iquid imersion type |lens system the first

i mre s adshitidn, quihe absverrationeddiguibindferdiof kR echsSPAER, the first

ci rcunference of which is closed, and the second

imnrenstorsiiquid Is isplated @¥inSths sécBn@ﬁnﬁQﬁfbnﬁ?ﬁﬁf' ﬁlereby,tihies possible

circunference of which is open. In I'S case,

to BROBK ec ' rsion kiguid on the side of
PReaRIRempbich TR R (RS} B b ke fr.BF strebe e
- ef f.1 el . Meanwhi.le, the first imersion liquid is
hqﬁ@fg%P§$ﬁé%F?mggﬁpéﬁgﬁLfron1the second i nmersi on
liquid .reserving in a closed space. In addition,
int hka Heihe pavementiensd diguishismesrsion typp denls spstem, the first
. system the anount of the first imrersion liquid
Impiesenlighid is resseved limsdech dpadepace, gteaingkrénbast wikieh klosed,
amount of the second imersion liquid existing in the
and rerseamd dmmetsiort Rduid &88E in 46pendfRiN: cﬂémﬁf@x%nﬁ@mﬂch is
imrersion liquid Is conparatively snmall, whic

op&hOrTh @S cAdsBEht bﬂ@m&ﬁ%qgtdsekgn({ f;njlqrtulargirop gﬁeﬁ%vo% tilg ?19% gf a (%a:rget,

i mrersion |1 quid between the rsion
sudheRShSWSAEIB2 . such,as t rkpi ece, and .
further thkﬁ‘pr dglgcsré%g%%grg%ﬁaemtyhr B@F@ﬂﬁgﬁ%wrﬁwmmerm liquid
. i1 .in the apovenentioned |jquid imersion type
® ‘?@%&5@’& sRitep fiomy thg econd iramerman ligid e peserviriggn a closed
aral l el plane plate shaped. In this case, the
Pspl acement of the light transnmitting nenber has
little inpact on inmaging, and therefore the alignnent
ac c ulnerddlition, intike atioybmentroned Hiptitiimeersobepe 1ean SsteAQlthd O
becone a problem and the work efficiency of
ampe|od therfgstimmdrsigintiqiid agssfviel i 1 cBRBPSacs AbrOfer than the
i ncreased whil e maintaining
amount of the second immersion liquid existing in the open space. In this case, the

amount of the second immersion liquid is comparatively small, which shortens the time
needed to fill or remove the second immersion liquid between the liquid immersion type
lens system and the target, such as the workpiece, and further improves processing
throughput.

In addition, in the abovementioned liquid immersion type lens system, the light
transmitting member is parallel plane plate shaped. In this case, the displacement of the
light transmitting membe} has little impact on imaging, and therefore the ali gnment
accuracy of the light transmitting member tends not to become a problem, and the work

efficiency of replacing the light transmitting member can be increased while maintaining

image forming performance.
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25 image form ng performance. 5 In addition, the
abovenentioned liquid i mersion type | ens system
further includes a supply and recovery mechani smt hat
supplies the second inmrersion liquid so that the
second imrersion |iquid contacts the other of the two
surfaces, and recovers the second immersion |iquid,
whi cin additions the abezerentmned ligdid cremetsiort tipesleanssten further
_possible to 5 intermttently or continuously replace
in¢lhdessisupplyt andeensérg mdchamism tHy sgipbipd the ReoAd Shumersion liquid so
recovering it with an appropriate timng. In addition,
thithke slonkirnérkion tiduld @Hiashs HEGRAS! (ﬂﬁhet MB%&@@ M FETers the
further includes a circulation mechani smthat
seSdrdGHing : heg first i sion Liquid
R i Pt 2t R ok el BTl (PR &5 ipossive o
. ptLing..menber; and,the second 10 | mersion .
o f‘%ﬁﬁ%ﬁ%‘ %’Aﬁﬁ"gﬂm&%ﬁﬁ’a{@ﬂ%“t e seSeRd pmmgrsiordiguisk byt sveplyingrand
transmtting menber. In this case, the circulation
IeCRYEHBA |t I AR RPPROPFaEHiniAg | mersion |iquid while
uni form zing the conposition and tenperature of the
i el hdshition, thel abovémerdivded liquid irnmetshd tyRoNeNB8leirOMEHer
_liquid imersion type lens system the circulation
incteddsanirsotaiinchoclesist thaf GtcultdsGHealtionB of 18 R ihbRksion liquid
circulates the first 15 imrersion liquid, and a second

beBides WheAd iR M s%yt%ﬁlerﬁﬁi%l E@%&ﬁd’ fhe! lligi:l i Eﬁggrti%%g]gﬁgfré apd the second

I mersion |iquid. IS cas

mﬁﬁb@ﬁ&?ﬂ&lﬁ@}\b 1ck|?i:5n%4:ltsatﬁ1§ bﬁ%ﬁﬂ.ﬁ'ﬁa@%f ﬁthg li% t:]tgqlﬂhxi%héggn member. In

systens, each | nmrersion

i ated, |.n.addition, the abovenentioned liquid o
s e 8 S i Peto S sk rarmeree liged while uniformizing
tht enper at ur e adj ust ment._apparatus_that adjusts a

g #iog,28d grmpsratyrg o€ thegmnession figuidhe first and

second imersion liquids. In this case, it is possible

t o plizgdsition; krethe ebetesreatiomd linriddanagsion sy dehsisystem, the

_heating, and/or characteristic fluctuations due to
cirvelpier medreisahaclgés 4 fist fiRnlEB¥A BREn tHahEirdul @8 the first

transmtting nenber and the optical system main body.
immersion liquid, and a second circulation system that circulates the second immersion
liquid. Inthis case, it is possible to independently circulate, by separate circulation
systems, each immersion liquid while remaining isolated.

In addition, the abovementioned liquid immersion type lens system further
includes a temperature adjustment apparatus that adjusts a temperature of at least one of
the first and second immersion liquids. In this case, it is possible to prevent the
acceleration of damage caused by heating, and/or characteristic fluctuations due to
temperature changes in, for example, the light transmitting member and the optical
system main body.

In addition, in the abovementioned liquid immersion type lens system, the first

and second immersion liquids are both deionized water. In this case, there is little
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In addition, in the abovenentioned |iquid inmersion
type lens system the first 25 and second i nmersion
liquids are both deionized water. In this case, there
is little 6 damage to the light transmtting nenber,
the optical system main body, and the like, and the
handl i ng characteristics of deionized water as an
damagetogholight itigosmiittingemenbe] the optical Fystanharimirody, andehe like, and
wat er has a cleaning effect, which can prevent
theclomtlbing chatdcamistés dffdeionlzed watkr iaf i frdmeioh Yiogid ®ésxcellent.
system in addition, the water has excell ent
FutRdtindodd) MR Watbr s R daRInFRAGEr, whkthGin pieBitcbhRidaB6n of the
processing equi prent as wel[ as the’ postprocessing o
: ; [ ot ] i he _ahpvenent i oned
iR b8 sk Puesh i 3Bk e el P REPER AR
transmtting.mepper. is made of fluorite. In this case,
Pl Qﬁ%‘?lgﬁg?ﬁqﬂl? REPCPSHIERHPIRENt asudkasie Restproeaseing of
light transmtting nenber and the first inmersion
wasteqif thedikeg. | water) 10 is small, which reduces
reflection at the light transmtting nmenber.
Fur t readdition, in the abevenfehtiared tigujk ietneesion &ypadon ey sterh, the light
the light transmtting nenber, becones danmaged, it

trasdoittiith hembe i adelof flwbréldiThitgs casetht BRTARMMEINRRS FcBRABke
liquid imersion type | ens system an optical elenent

indeR et e ﬂ%& ﬁﬁnﬁrﬂﬁw%%érﬁl?clr aﬁ&'ﬂfe"’fﬁﬁ é&he}ﬂcﬁ] 1‘?@%&1 Eela%, water)

system mai n body 1s de of 15 synthetic quar

. ' Lcal .elenent of. the optic stem.
s S a0 R 5L APl RS i
ﬂth‘g:refore possgbLe Hﬁ ﬁ duce the damage to the optica
VRIS RERECIETT RHROGheliShy WOUGRESTaREMing Pembatebacpngg damaged, it
imersion |liquid. In addition, in the abovenenti oned
sheyld be geplasedbr si on type | ens system the |ight
transmtting nenber is nade of fluorite; and the
opt i waddéicapimrthe abaveneotisted tliguakinnkesi@f typpldns aystem, an optical
surface of the optical system main body is nade of

elemyemt thet comstipues tie. opicslautthdedpfithe dfiRaBRHOLIRALbOALH made of
liquid imersion type lens system the |ight

ARSI T RO Okt bl SISy
made of synthetic quartz, and it is therefore possible to reduce the damage to the optical
element on the main body side due to the first immersion liquid. -

In addition, in the abovementioned liquid immersion type lens system, the light
transmitting member is made of fluorite; and the optical element that constitutes the
optical surface of the optical system main body is made of synthetic quartz.

According to the abovementioned liquid immersion type lens system, the light
transmitting member is fluorite, and it is therefore possible to reduce reflection at the
replaceable light transmitting membet, to prevent degradation of the image forming

characteristics due to stray light, and to reduce the burden of the work of aligning the

light transmitting member. In addition, because the optical element of the optical
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repl aceable light transmtting nmenber, to prevent

degradation of the image form ng characteristics due
to stray light, and to reduce the burden of the work

of aligning the 25 light transmtting nmenber. In

addi tion, because the optical elenment of the optical 7
Ss%sten1gaén.bod Is synthetic quartz, it is possible
P RHE CeYYE THBeiOIuaHE, ibjstriossible tetednendanmipe tdwhe Bpiical

body side due to the first imersion liquid. In
elerpetit op s, main pedy side lontoshpHistinemansioa natigs of the

present invention is an apparatus that uses a

pr oj éradditiom piprajedtion s peiitd £ eraﬁis%?_ttﬂeg}e ﬁﬁﬁ?&tiﬁn is an

pattern image onto 5 a substrate, including a lirquid

apparam $HadGsch ¥ RpRojLaIbR oprsdl %%t?fﬁ g‘? BI{OgéFﬁgn %)?Pé)ts hgpiltg:mimage onto

abovenenti oned i nventi ons;
suBB&Ee, HEId; ; ....The abovenenti oned projection
¢ exposurelgﬁ 5?%@%@Bﬁégg“¥ﬂ¥p$£ﬁ%%ﬁ“Whﬁ%$§¢B&“’ ¢pe

t.e ich is discussed above, as a projection
ab%’%@“ﬁﬁ"ﬁéﬁ@%n% L8 thapatisen image on thegubsitate. he
subsihate, whi ch enables liquid inrersion type
expod if Bboygrenttoned prajeasion ehposnmEsppariue isaEé Bduill Bemersion
depth of focus. In this case, it is possible to avoid
YRSdPrigestem, whishdpdisambedapsiem TpidedioflYerR byl o t6thhiflg the
i mrersion type lens systemdue to the |ight
pattara nsaget dnl the suR e whieh Sndbfes TRLM iRk LiDE \t,#g 'é{gr[?c{sn}%na%ﬁ
of a projection exposure apparatus, to I'C he
impro€es tle tIORIiSH ' ted,,.over .a.long time .
D "{Thish PRy SRhEthah 8 ALL, TS SeeTiseoaia i
15 projecti on exposure

daffeelth Lovention is,a..
a&%grgﬁﬁgﬁéﬁgﬁmﬁﬁggmgbﬁq%?é%?PgﬂdﬁﬁFPS%P1§?%¥¥Wﬁw%ﬂndueﬁ)
| ectiQn _expose a attern image onto a substrate,
the\?\kg{r gi&r? e Bf’)eg}sbé’ﬁ @P@)FP Bpnyhe poformpance of epibjection exposure
a in Iung'_ﬁn opti cal system main body that has an
pp&ﬁ%’l‘se whigh thediquid ingmersien anesliogris adaptedoptedr adbngithe péivdl,
that_ is in a state wherein the optical surface

cont!#d@dditignsthe projectine exposurel apparhiis oM peeskht@iention is a
transmtting nenber that includes two surfaces, one on

Proiegtien expdsak epgiratus thaphdes 8 praedtion opScat Qysting Fﬁir}gf[%ction expose a
opposi ng the optical surface of the optica stem

T T e e IR el e
optRENSEte A miih ®ody that has an optical surface at one end along its optical axis and
that is in a state wherein the optical surface contacts a first immersion liquid; and a light
transmitting member that includes two surfaces, one on each end along its optical axis, is
disposed opposing the optical surface of the optical system main body, and is in a state
wherein one of the two surfaces contacts the first immersion liquid, and the other of the
two surfaces contacts a second immersion lLiquid.
According to the projection exposure apparatus of the present invention, the

optical path between the projection optical system and the light transmitting member is

filled with the first immersion liquid, and it is therefore possible to make the light
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two surfaces contacts a second i mersion |iquid.
According to the projection exposure apparatus of the
present invention, the optical path between the
projection optical systemand the light transmtting
menber is 25 filled with the first imersion |iquid,

and it is therefore possible to nake the light 8

tranpraHERg menher aeaptical cemanpthiachis ), erenicmiehaitlfasfragive pbwer.

extrenely little, refractive power. |In addition, a

devi dwadditior, aalbviog fabeichag MEthsD S RE BRESH: irvaNER isL8he
uses the abovenenti oned projection exposure apparat us

abbeerhelibh&Rre]eBli AR50 LA E: SYhRSR: hi :
PESCRI P11 ON OF THE PORAW Al %%}'&?E’ hé@ggﬁéo%ﬁcg devices.
bl ock di agram of a projection exposure apparatus
accordi ng to one enbodi nent of the present invention.

FIG 2 is an r j of a lower end portion of a
l'iquid inmmer éﬁgﬁgt@%gcﬁﬁfmﬁ%?@% PRAWINGS
incogﬁgrated in the projection exposure apparatus
depi £1@d 1 A sghematig blopk dRigam 8f & progectibmexpolae tippdvatts
depi cts one exanple of a process of fabricating a
aceafing gnehectnorodiiesnitof theBrSEniNBRmtIcER CARRYl NG OUT THE
I NVENTI ON The foll owi ng explains a step and repeat
Syst el Qrio e edln@sd SRS I8 waPERTRk i of ajlﬁ]ui/&]ihmersion type lens
i ncorporates a liquid imrersion type(fens system
sy Q68 Ml 518 i id lon. FlG.l.is.a
yschenaticmgﬁg%eﬁégggﬁgﬁkg¥ﬁﬁ E&%¥%%E%F%gﬁh8§B%§%F311-
appa resent, enbodi nent; in FI 1, a
ot s 33 8oy or B 3iibts SReSrenmite v 4 BT pLADBieine o
See%quugecﬂ%@ht EL, which consists of ultraviolet
BEPLLE Y 9GHES-( 193 ri m wavel ength) 20 enitted from an
illumnation optical system | that includes an ArF
exci mer laser light source as an exposure |ight
source, an optical integrator (honogenizer), a field
stop, a BiendEMyeE FORMGARRNINGHRUT ITREE INVENPRIN er n of
the reticle Ris reduction-projected to an
The following explains a step-and repeat system projection exposure apparatus,

which incorporates a liquid immersion type lens system according to the present

- invention.

FIG. 1 is a schematic block diagram of the projection exposure apparatus of the
present embodiment; in FIG. 1, a pattern provided to a reticle R is illuminated by an
exposure light EL, which consists of ultraviolet pulsed light (193 nm wavelength)
emitted from an illumination optical system 1 that includes an ArF excimer laser light
source as an exposure light source, an optical integrator (homogenizer), a field stop, a
condenser lens, and the like. The pattern of the reticle R is reduction-projected to an
exposure area on the wafer W, which is coated with a photoresist, through a projection
optical system PL that is telecentric on both sides (or on one side only, i.e., the side of the

wafer W that is the work piece) at a prescribed projection magnification B (B is, for
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exposure area on the wafer W which is coated with a
phot oresi st, through a projection optical system PL
that is telecentric on both sides (or on one side
only, i.e., the side of the 25 wafer Wthat is the

wor k piece) at a prescribed $rojection magnification P
Pis,,f 9 exapple, 1/4, 1/5). In the follow ng
© exﬁ’reaﬁé{‘t %PT, IPHE"’ tellgwing gxplapatical, thel Z 4xs tstparadipt foakd optical axis
Agxi s AX of the projection optical systemPL, the Y
A 16 Rrojseligreanicall sy stemtR., theeY prp & pespeitiRaRr e Fhyfr durface
f\if\/l)(qt}hll n_g pl ane perpendicular to the Z axis, and the X
of sl wishiparplareglerpondichiar RABEY, axBUATARE Xxi
The reticle Ris held on a reticle stage hggl%.’g‘arggl%ltgthepaper
surfeche#HIGM.i s i ncorporated therein that finely noves
the reticle Rin the X direction, the Y direction, and

the Thet&icl ' L.on, of axis. A |aser
 ntor Tor e T PP Lk Pies I o4 Moo e ncorporaed
L ional position and the rotational angles of the
th?%’% eﬁ%%‘?é&‘g"eﬁeg*ﬁ TFHicle gdrl the Xrdireetion, the Ydirestiomnnd die

Syst 14 positions the reticle R based on these
“’tf"ré%f?g H”é%ct% |°§ gach 2xy. Méelaseh iriterferoinetenaioe shown) sneaalres 188 two
.a Z stage 9, which controls the focus position
dirpensiane position antl heZotiiiond gy oA rdHoR skagelﬂmhirgﬂ time. and a
angl es of the wafer W via a wafer holder (not ’
magthewtiol sySteen 74 pésitiehs dd 21l 1
whi ch noves afong the XY EI)RZ%S&Q% s?%%?%ﬁ%@‘%%?%l | el

t 0 t MRahWEOEL iRl e Wf; r.o} ection.optical tem
PL and i's nmount ed o\gfltshgelﬁk?gsagﬁ%eggﬁv' %]tngﬁlét@eyt%cus
Sest ki ositian .19 (position in the Z
oY e@??‘§ﬂ§ ﬂgtﬁté Zgiigoltom and 4% %ﬁlﬂéﬁ@r aglesrof ihowaler W viaa

surface thereof with the imge

Lians .t he e ¢
Wa%? gﬁ@efb@" ﬂ’é’“ﬁ‘?-oju@%t AELR 1S (8eH osyn eistrge by wisingovan
aloau&%b?gu%nsysg em.and an auto | eveling system
2% RENF yuostantialipypaselicd o the ipagsi plarens the frejesabesptidal

in the X direction and the Y direction. A |aser
sysfesit Bk pd srequatedia thebawrlés ThOE stapd 9@bamals HRTabus position
position and the rotational angles of the Z stage 9

(pogifign ér thelY. directies)land Ghet ihethadsn hriesTShd WRRF ¥ af ARNE Blee

mrror 12. Based. on .these measur enent resul fs,
uppeDsitrfaok therdoB WilhtthOfindgs phERt He&g&jéggpgﬁtigal%?&g] YL by using

system 14 to a wafer stage dri
an autofocus system and an auto leveling system; additionally, the XY stage 10.positions
the wafer W in the X direction and the Y direction. A laser interferometer 13 measures
the two dimensional position and the rotational angles of the Z stage 9 (wafer W) in real
time as the position of a movable mirror 12. Based on these measurement resulis,
control information is sent from the main control system 14 to a wafer stage drive system
15, and, based thereon, the wafer stage drive system 15 controls the operation of the Z
stage 9 and the XY stage 10. During exposure, an operation is performed repetitively

by a step and repeat system, wherein each shot region on the wafer W is successively

moved by a stepping motion to the exposure position and exposed with a pattern image
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15, and, based thereon, the wafer stage drive system
15 controls the operation of the Z stage 9 and the XY
stage 10. During exposure, an operation is perforned
repetitively by a step and repeat system wherein
each shot region on the wafgp Wis successively 25
nmoved by a stepping notion to the exposure position
Ofgﬁﬂe@ﬂﬁésed with a pattern image 10 of the reticle R
FIG2 is a side cross sectional view that explains the

st r utl@ir2es ebida chaywedctionsl viddartat SipldilemPs@U&HE bPD lower end
optical system PL. The projection optical system Bl S
past off i pr6fectioinopiical astbing . | S aBabl e.of.
substantial |y shortening tﬁgééé%%%ﬁgggpgﬁﬁ¥ﬂ%neﬁlsahm“d
iMNRYSEREL R ' he, resol ution, as well as .
subst aﬂr%}?i alt F%g%led;% icn%a%%%(?sghsgi"ﬁ‘agf Sﬁ‘?‘"@&ﬂ’g.the exposure light
r ropre,. the projection optical system PL maybe
Wag‘?lshé*ﬁ’r ACEIRE the 5%9%%#%%&1# a\ﬁéubw@,aﬁb increasing the depth of
f catagi tric-type system The projection optica
05t meseibg @eajediionwpticad spiyerp B trhayrbea0refractionrtype,
i nterchangi ng portion 40. The main body portion 30 is
refiggtipptypeair cetpdiopmicAppaisysdy 10 that incl udes a
plurality of optical elements inside a |lens barrel 3

1, aibbk profectidn bfiaEsyeRhd PRincRIGBEE Hasy bddyzyﬁgiotn% aﬁg an

optical elenment 33, is fixed to a | ower of 't

inttreldh oftiondo. -TAR . gsed,. The .
» i nt efglg%g{]giong porti g?l%%@@é%%%ﬁ%&?é@u%@sﬁﬁ%m bpdy
e.42 to. an annul ar hol der 41,
e BRSPS e LU e S ot ot s
able with re ct tqoq.the main bod ortion 30.
°pt?°%] %?%s@w? Y "Pé’r‘?s ‘Ffﬂ?fﬁlz’g’flélﬁﬁl:‘éml%l%@%’/@fd o the lgns barrel 31

Eormsq at the tip of the lower part of the |lens barrel
-an t%}'fla

bifePstdn  dBainterglangingrposion 40nis aomtikied bphaldiag aoline
41 a_is fornmed at the upper part of the hol der 41, and
Pargiied pits 4Reto anengular baldéridlgdrhie is€ h@dingGndribek, Ainll ReataoNBe /
end of the lens barrel- 3 1. Conversely, the hol der

detachablg withereset eio ietimbindsdy Pertioawer ﬁmhafw&raﬁ ahgg@ﬂ% female

barrel 31 by wunscrewing it, and can be exchan

sttt S Sy A R s
por86e80, 40 nAlatthal@ sbRWes a@ﬁo}mw & lflpper part of the holder 41, and
the holder 41 can be fixed by screwing it to the lower end of the lens barrel31.
Conversely, the holder 41 can be detached from the lower end of the lens barrel 31 by
unscrewing it, and can be exchanged with another holder (not shown) that has the same
structure. Furthermore, the holder 41 has a circular aperture AP at a lower part thereof,
the lower surface of the outer circumferential part of the plane parallel plate 42 is
supported by an annular latching part 41c, which is provided at the circumference of the
aperture AP, and the upper surface of the outer circumferential part of the plane parallel

plate 42 is supported by an annular fastening member 41d, which is provided to the

holder 41.  Thereby, the plane parallel plate 42 is fixed so that only a prescribed amount
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the | ower surface of the outer circunferential part of
the plane parallel plate 42 is supported by an
annul ar latching part 4 1 ¢, which is provided at the
circunference of the aperture AP, and the upper
surface of the outer C|rcun{frential part of the plane
parallel plate 42 is supported by an annul ar

thefraceftpestivaigs fromtiae bétsh suMucs bf ihs hrard@yimed to the 25
hol der 41. Thereby, the plane parallel plate 42 is

fi xeth $QateRHern e hgld%f gf &rﬁﬁ?%g %Hﬂﬁt r ggﬁ?‘gﬁffnd Pﬁthe

protrudes fromthe bottom sur

t ol der by screwi pg |
e 8 M o A eV T 3t 86 st Fesioh quia
IL1 1" r3| uj.d rFserv0|r I C, which stores a first
i etwe%mha holdey 41 gnd the feps bamselAle e A hishemeotieteliquid

and the | ens barrel 31. This inmrersion liquid 5
resey@i G owvhich ormyes swhstasially chossdisrstatiat bdslaydic! shagd ©pRAS is

that has a disc shaped contour, is interposed between
intenposedibetyeseh as iechergept mwd.ptféaﬂrﬁlﬂﬁa: B e dﬂﬁ@al@ll’érhé}ﬁm and an

el enent 33 and an incident side flat surface 42a of

incideat glleng saaba 48lor H{e%ﬂﬁleﬁ)%rallizpﬂ‘h@q@m Fﬁrthe@m%?ec q Igtgcond

imrersion liquid IL2 i's held by 1ts surface tensi

mﬁ%&%q{huﬁchﬁqus gaﬁ bﬁq{s ?’kl'fi?ée Bl AL ef\ﬁ%engg S%ltﬁgeeﬁ; g}ag:ntlz

be processe er WwWor

10 h an en spac One_or _nore
an‘!‘p%’?r“"*'éa?efe‘*gﬁ bEBIFSE) Bl ous e skopon i prBicgiauia is
h Iauctl on nozzle 52, are forned in the imersion |iquid
S 438 ORAYSPAE: whi ch reserves the first inmmersion
liquid ILI, so that they are nutually opposing; the
fi r sONG HIBPES pairS, acfupair mcluding asiehiptry @dzz1¢ 61 tulia suction nozzle
imrersion liquid reservoir IC and thereby the space

52,gire fommed pt the ahmpssidn lafuid feeerdbir B3 0OGH Rsérv@the ek \ﬁﬁﬁ@rsmn
the enmergent side optical surface 33a of the optical

ligeil éDB b i thejnige mbMaiPEhSiRMo; ﬁie%stfﬂnﬁrterﬁcgf Ié@ﬁﬁ I]fllﬁi@ sﬁlgphed

the plane parallel plate 42 can be fi

to thé irffneisiBIGHiPRsdridHIE ahlikhen d(hé gﬁcé b B 8{{%& %&1 @E the

liquid ILI 1nt he|m1er5|on qU|
e SR Mo BELEGEn gh“aﬁgm”%"w%%a op e optipelslprrams

| une o .th rsion liquid ILlI, are forned
anciétge mciden 5156 ﬁat surfgce 42%? the plane pa:lqallel plate 42 can be filled with the

first immersion liquid IL1; and the first immersion liquid IL1 in the immersion liquid
reservoir IC can be gradually replaced. In other words, one or more delivery nozzles 51,
which deliver a prescribed flow volume of the first immersion liquid IL1, are formed at
an appropriate location on the side surface of the lower part of the lens barrel 31, and one
or more suction nozzles 52, which discharge the first immersion liquid IL1, are formed at
an appropriate location on the side surface of the holder 41. The number and
arrangement of the delivery nozzles 51 and the suction nozzles 52 can be suitably

modified in accordance with the usage conditions of the projection optical system PL, the

size of the immersion liquid reservoir IC, the flow speed of the first immersion liquid IL1,
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20 an appropriate |location on the side surface of the

| ower part of the lens barrel 3 1, and one or nore

suction nozzles 52, which discharge the first

imrersion liquid ILlI, are forned at an appropriate

| ocation on the side surfacgyof the holder 41. The

nunber and arrangenent of the delivery nozzles 51 and
the ¢raitrel emperatuso e fthe £irs 2momrsidtiquid MADhyd e i ed i n

acco%dagce with the usage conditions of the projection

opt i EatthametecadBlivers hezzR5356ZieH the BB pafTBA] | Yk

reservoir IC the ;$OM/speed of t%%%first ?ﬁ%ﬁ?g#%%H&FOf
sudtiogttiotzlbd-§4a, 34b rat . of the first .

o o R O Sk BERRAE A PR el gl Shposing

imrersion liquid ILI, an
t ghelciveh f ich the tip.part is_narrow,
T ang a pﬁaéirelrrﬁgééhﬁg gc dlglbﬁ%zgf? lg’ﬁfée?s‘grh[iq‘&}fl Ihiseupplied to the
' ts. are wide, are disposed nutually opposing at
P %Ikgjagela{;l%ﬁﬁfrg?rg ﬂ??g%&wﬁ‘teﬁén sE¥cEgsnt sude flatigarfaneci@h@f the plane
iﬁaersign liquid IL2 is supplied to the 5 open space
pargHiehplate 47 anding surbarcioé theewateraW, tspapent tii cpeichllpath of the

surface 42b of the plane parallel plate 42 and the

expaghiedipht betwednahoverhergei/sidehfbat SRERE 405 of 1he phik ipﬁéhleﬂflstb 42
of the exposure |ight between the energént side flat

andsihe badec 42 theataft W dqah 38 @ill@@(av%ltiﬁ% ﬁ!ﬁ&ﬁﬁ&fiﬁ@ 'ﬁguitdrig%, the

surface of the wafer Wcan be f €co
secoRABhBEQIdn TiaBidi 167 | v .imersion liquid |L2

can be renﬁ@ed frgn1P%#%ﬁ3%§ﬁ%§b FEPEL SRACE: ARf diryetpiae
secoidd 866 anshon J.iquid 1L2 held in this open space

“Can gr gg%glliiyl ggbg‘ﬁ éPi%{lﬁf’%edP spice Gag gradualdy bersybstituted or
K$E£g.arrangenent of the delivery nozzle 53 and the

Suction nozzles 54a, 54b can be suitably nodified in

accqrdance with the usage conditions of the

pr oj SEHUEhehMG srangepent efittRldelivire nepde bhandmt ¥e@dn hbezles
4pI ane parallel plate 42 and the 15 wafer W the

Sdappiheeaarhe softabdymoviffed in Wcotdaacd wiliiteneest @hditoss segend

imrersion liquid 1L2, the control tenperature of the

profeldanebticanmystsin®L, thokpheing béwea thelphrelphfafel FHEAYSE4 W

. fle e
optical elenent 33 contacts the first i mrersion I'iquid

wafkt W, tHehgoverRhesfitRd wafer W i cal nt 33 must have
corrosion resistance to the Fi %%Fdlgi&%g%@ lmmersmnhhqmd

IL.2, the control temperature of the second immersion liquid IL2, and the like.

Because the optical element 33 contacts the first immersion liquid L1, the
material of the optical element 33 must have corrosion resistance to the first immersion
liquid IL1 in order to extend the life of the main body portion 30. Accordingly, instead
of making the bulk material of the optical element 33 and the antireflection film from, for
example, CaF, crystal, which is the traditional material, they are made of a light
transmitting material that is less soluble in water than CaF 2 crystal material.

Specifically, the optical element 33 is made of a bulk material consisting of, for example,
synthetic quartz. Furthermore, an antireflection film consisting of magnesium fluoride

can also be deposited on the bulk material if needed. Thereby, the optical element 33
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liquid IL1L in order to extend the life of the main
body portion 30. Accordingly, instead 20 of making the
bul k material of the optical elenment 33 and the
antireflection filmfrom for exanple, CaF2 crystal,
which is the traditional magerial, they are nade of a
light transmtting material that is less soluble in
thaggoripcts Hediretipenersigr tiquid fat, 6 i, de. buBpmaiekinlcald!i¥e artielection
optical element 33 is made of a bul k materi al
filmoresiststerasiprofind fhotwatst aegiice oS MRS bSdyWRASZ30 can be
Furthernore, an antireflection film consisting g?
indTegaEhoblofd, WRliige fRRIRAR RS, RANRE baSL BREANSH can be

bul k material if needed.” There e optic

adrtaihad he. fi.rst i.mrersion, liquid IL |
maitashed add) B o FRUIARE Fnde Srmib g her dffRnFashtac pidisntion ppiil

bt S erosian nd the water resistance of the main

SY%§§§§6%PSFB m%ﬁﬁgﬂ%n@gﬁmp reased; therefore, the

I mage forqinaﬁferfornance of the main body portion 30

can DEanweHe, fhe plene narllel pleteat2rie preferably hede nBgmatopinhihaichas

performance of the projection optical 5 system PL can

highecomasios fesistance bgcans intaitechot MR MM ineherdie1iRliaNe] and the
parallel plate 42 is preferably made of a materia

sedohd immasiontiqyhd Q% heweRR if &k BbAREE tcpﬁaﬁrg ' '
contacts both the first ilm’rer sion Iiqui %ﬁ%ﬁ%ﬁﬁm{oﬁe

SR6006 BANRAS [ QULH ; ver..it do ot .need
Yo have a hi g%ﬁgbgrﬁrqggilsglﬁi’Hfggé’?gaﬁen@%p%age%l‘taﬁaipﬁ‘?‘fﬁftgilsow
L0 LA IJ L, ecause -t he n rallel plate 42
opheahtlcRiy s o BRERET womy b BeioRlr Bhanpelsfioca o

Lth the holder 41. Accordingly, in the present
oot SRR it 46 mokmanits R FiseerLand thedies b alade
tﬁﬂﬁé’hi ke of the plane parallel plate 42 from
parglighpfate §2 fromymmatssal thatrhes arslatisiely lovwsolbilitpid ivhir, istch as
water, such as synthetic quartz, it is nade of a
synthegisguartz itsrimade nfa lighternshittilanatas thathbgh hielsulbllit 1
in water to a certain extent. However, because the

wagg posceriein e, CHoGeRS: RtARe BREXPSUAGIR RS nirked ANt
density at the plane parallel plate 42" and tﬁe

xS Aol gl g b L
pref ARG L 08 e e p £ D08 p G e PR E e & eet compacion
to a certain extent.  Specifically, the plane parallel plate 42 is formed using a bulk
material consisting of CaF, crystals or the like. Furthermore, if needed, the plane
parallel plate 42 is finished by depositing an antireflection film, which consists of
magnesium fluoride (MgF»), on the emergent surface of the bulk material. Of course,
an antireflection film made of, for example, magnesium fluoride (MgF, ) may be
provided on the incident surface of the plane parallel plate 42 that contacts the first
immersion liquid IL1.

Furthermore, the holder 41 and the lower end part of the lens barrel 31, which

are for forming the container shaped immersion liquid reservoir IC, contact the first
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material consisting of CaF2 crystals or the |iKke.
Furthernore, if needed, the plane parallel plate 42
is finished by depositing an antireflection film
whi ch consists of 20 magnesi um fluoride (MyF2), on the
energent surface of the bulkgmaterial. O course, an
antireflection filmmmde of, for exanple, nagnesi um
immeggipn i Ngrmdjtherefprayege l’rplde wi aeditosial thhichds adiigleddrrosion
surface of the plane parallel plate 42 that contacts

resit@ct it e firit imeesi@nliduidlild ITh the presebh @RI Rent t &fonized
hol der 41 and the |l ower end part of the |ens barrel

walcr (it ShaterPid usddeasithe ﬁfstn'iFn&Qloh h@uﬁqﬂﬁ adnﬁ%er?ﬁ?@?lg hgider 41

i mersion liquid reservoir ontact the
I herefo
o e ARl e léﬂshb%% 1%0r 7 Sufiffeolty et Buderfatinn

r In the present enbodi nent,
tu%%@%%p@ a“@ﬁf%? %ﬁb%h ter) is used as the first
Lg@gn i quid ILI and therefore the holder 41 and
t he Proé"??&mbﬁptﬂcabﬁysfemaplaQﬁﬁlebwer@icussrdabeve the image light,
specifically formed by fabricating a 5 titanium all oy,
whishdrassmited shreugh the reticheR I(icke to FIG. flb‘lal@ﬂhqn@géﬂll@ﬁn the upper
optical systemPL of the type discussed above,

end ofithe mairghddy povdincdd, témReaRk hhEsnébEOHAR t
(refer to FI (IZ-)\O 1) and inf)g:g?}ged u%orgf} theﬂh tfcglél&la&lt&

provitRd i@ tH: ibﬁé}knﬂ%ﬂﬂeq{?mﬁ %od @61%‘ §h 9? S‘an? rglpflg o %§ ﬁ]&{ @‘Fﬂ

the optical elenment 33

ng upon .t he pl ane
parsl}t . o HREARRE b Ffél?aﬁ i we@!ﬂmat passes
d [.i ght that passes h the
Mﬁ‘ b e pardiT gl & inandent pmoh ot O dmeshibe secowd
. throu e second imersion liquid IL2 and forns a
GG Oé'g’cqé‘ 11[13'&@@ formstanreiesigd iragel G - 1, -the fir st
|nners|on liquid ILI, which is provided in the space,
. e. Retupping tm%é@sl the ﬁnsqinimiersieﬁ dquidilL1,| vwhiclhRtpseEded iRhe
optl cal elenent 33 and the 15 plane parallel plate 42,
space, sy the imetriiyn Hqhitl gesefhofUD bytwsHIPARE Bptical RmeM S £hd the
includes a tank of that liquid, a pressure punp, an

plahdparhlld platd 41, QU@PpEEELILlEUE SYoplP 2R afatdl7s. WnitnShah&s a tank
of that liquid, a pressure pump, and the like, through the delivery nozzle 51 in a state

wherein-the flow volume is controlled. A temperature adjustment apparatus 76, which

is a temperature adjusting means, is provided on the upstream side of the liquid supply

apparatus 75.  Namely, the first immersion liquid IL1, which is fed from the liquid
supply apparatus 75, is, for example, cooled to a desired temperature by the temperature
adjustment apparatus 76. Here, the first immersion liquid IL1 is set to a temperature,
for example, approximately the same as that inside a chamber wherein the projection
exposure apparatus of the present embodiment is housed. Thus, by using the
temperature adjustment apparatus 76 to maintain the first immersion liquid IL1 ata

constant temperature, it is possible to stabilize the image forming characteristics of the
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wherein-the flow volunme is controlled. A tenperature
adj ust nent apparatus 76, which 1is a tenperature
adj usting neans, is provided on the upstream side of
the liquid supply apparatus75. Nanely, the first
imrersion liquid ILI, whichis§s fed fromthe |liquid 20
supply apparatus 75, is, for exanple, cooled to a
projestionaypticad speera i e Asyhis Hme! thaphiest dinmicesionalitjuis Hite tite
apparatus 76. Here, the first imersion liquid ILI is

terapératute of WigEPiRIcahtdRA byfth teBpafiflr€ adjaRRcAXdppRiafils 76! &R1s the
same as that inside a chanber wherein the projection

opBYARRMB TP HRE YSRE of P’ﬁ é@iﬂ%zﬁfhﬁ f;[{rpt@e g‘gﬂitt:h L3 heated by the

housed. Thus, by using Justnen

7 taln &
exPRRAL R L fod 01 BB RoskBl P TREAG 58 b efrosion of
thst abl%{lze the i mage form ng characteristics of the 15
ﬁ?&? l5meBiSti cal system PL. At this tine, the first
imrersion liquid ILI, the tenperature of which is
cont Aoluppldl pire 2%hextends fiomatha Higuiddjipply ppprratap P catnests 16 the
cools the optical elenment 33 and the surface of the
lowtzend of #regirbjettiqnl aitiealdstemtil; Andcanmesit &6s With thdmmersion
exposure light EL, and it is therefore possible to

mﬁl@mﬂaﬁ@s&rwﬁm@%an@@emfer}tﬁ&z@w osion of 5 these
optical elenments. A supply pipe 25 extends fromthe

I qUiNL3WRRL Xh ERRAEALYS 1D “&,?am%" num déshﬁth hOWRh x%ﬂ)%

of the prOJéctlon optical communi car

S|on rv0|r rou h.t he
liqfld ‘?%%‘r"g}f% g8 it i oAb bRt endfar Bt Py Sasal
nlcates with the jmmersion 10 I|qU|d
SYP%%@JV 8n¢ exytendsity thederpperatupe adiestRent ARPAIYIuE 76 Viga: IEGRMEFY pipe
end of the projection optical system PL, and extends
26 o Tihp éelt‘@mpm@{mfrlewﬁd]mmcﬁem nozghp¥r axe dispded o thagthey
recovery pipe 26. The delivery nozzle 51 and the
sagdrgich @ lowayzpd poidn af eredirsjpamcbpsioaltsheiemtPie Yor esamglsi mhthe X
a | ower end portion of the projection optical system

diféttiod, aid £ RawWl{ehe firdt intiferfon Uighi@qi.1 @ih befdmad fl ¥ Rfdirection
the first imrersion liquid ILI can be forned in the -X

befldeRGhd %lcéﬁelgﬁéﬁ’ﬁ@g And ff (98 p%f‘zllleﬁ![)lﬁﬂmﬁt .3 Wi & sion

pl ane paral | plate 42, i .e. I et’si on
liquid reservoir IC. The delivery nozzle 51, the suction nozzle 52, and the liquid supply

apparatus 75 constitute at least part of a supply and recovery mechanism; and the
delivery nozzle 51, the suction nozzle 52, the liquid supply apparatus 75, the supply pipe
25 and the recovery pipe 26 constitutes part of a circulation mechanism, which
constitutes a first circulation system.

Furthermore, the temperature of the first immersion liquid IL1 does not
necessarily need to be set to a temperature approximately the same as that inside the
chamber, and the temperature adjustment apparatus 76 can control that temperature so
that it is a desired temperature at which the image forming performance of the projection

optical system PL can be maintained.
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liquid reservoir I C. The delivery nozzle 51, the

suction nozzle 52, and the liquid supply apparatus 75

constitute at |east part of a supply and recovery

mechani sm and the delivery nozzle 51, the suction

nozzle 52, the liquid supplygapparatus 75, the supply

pi pe 25 and the recovery pipe 26 constitutes part of

a ci hcadditianom thepiesenit sibodiftica) a 2BcOREL Sybtdings fdml ksk

circulation system Furthernore, the tenperature of
rettifn tHel first irrinfeRE6: 1iQuld T T Witc '

need to be set togg te%per;%ﬁ?%ggﬁﬁFggbﬁggggﬁgﬁﬁébg%%%to

the&émbélﬁﬁlré %ﬁs@ﬁeﬁtlﬁﬁﬂaérﬁtﬁ}g Hg,ed'u’t af\l t%(fhrr?ei %tgtgp ﬁgsﬁ%axgag{sweliquid

adj ust ment “appar a can contr

it is a.desired.te rature at which the
1L PReot B rieh th @it Rrlicid B B0 S didotnd T Cogn st
pt i cal S%ﬁéem PL can_be naintained. 16 In addition,
ot

e
MRSt Mhayebiwaphshie thetemperatiraadiosimeyisippmatus 76.
formed that returns the first imersion liquid IL1,
whi ch agdiioneibo lemmpedating atijvstnsant bpraretmoZrdan a3, betdispotddeon the
t enperature adjustnment apparatus 76, but at |east sone

dowhsttchm siderafithe Iiqud Sipply dppatatsd 751 L | recovered fromthe
suction nozzle 52 may be di scarded, and new, clean

fir sk JAditioHEhs &&Ebekdt%'a%u%ﬂen%a%uﬁ@gﬂdl}g??éﬁo% gnli]cf tank of

t enper ature adj ust ment appar at I'na
thell r ' ar at us can al.so b o
REREARR iR 5 08 Ry RREROEH 3B= LR o Tineiode mgipegon
aratus, 75. 1p addition, the tenperature adjustnment
ex B Bhtiod ind bl a rats e rentison b RURSHctety the Fiiones m, for
s%ﬁgk%%apparatus 75 do not necessarily need to be
eX iRt antovheprethe prgietion sKposut: apppotisinapPet. at us, and
at | east a part thereof can be substituted by the
f aci Theseeend immdrgion ligwid ih2,evhittnis ipegpotedivenenttheplane parallel

proj ecti on exposure apparatus is installed. The second

platerPenditenwhieq W, ¢ sup@lied8yi £lhquid sﬁﬁﬁ;lyez{f;@%ﬁ@ MEHRRE Mndiifs a
pl ane parallel plate 42 and the wafer W is supplied

TNk of et Gt Ta b Eoesre U Ara ThE T, o the
watch OO s thtB S HeREA ME W \AELE iSSC%n&Qﬁe%, M‘de recovered by a liquid
recovery apparatus 72, which includes a tank for the liquid, a suction pump, and the like,
from the surface of the wafer W through a prescribed suction nozzle and the like. A
temperature adjustment apparatus 73, which is a temperature adjusting means, is
provided in the circulation passage from the liquid recovery apparatus 72 to the liquid
supply apparatus 71. Namely, the second immersion liquid IL2, which is recovered by
the liquid recovery apparatus 72, is returned to the liquid supply apparatus 71 in a state
wherein the second immersion liquid IL2 is, for example, cooled to a desired temperature
by the temperature adjustment épparatus 73.  Here, the second immersion liquid I1.2 is

set 1o a temperature, for example, approximately the same as that inside the chamber that

houses the projection exposure apparatus of the present embodiment. Thus, by using
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15 wafer Win a state wherein the flow volune is
controll ed, and recovered by a |liquid recovery
apparatus 72, which includes a tank for the liquid, a
suction punp, and the like, fromthe surface of the
waf er Wthrough a prescribegzsuction nozzle and the
like. A tenperature adjustnent apparatus 73, which is
thetemparstire adingman] appaiahy Heanwmintzia thexecatiddemhdrsion Hgquid IL2 at
circulation passage fromthe liquid recovery apparatus
a chBstut terthperhtucpitds pébsiblpl syabflpp Wicditage fokmindeditaéteribi® of the
second inmmersion liquid IL2, which Is recovered by
préjb&idn dput4l s?sﬁé‘rﬁ\ﬁ[ Y AR LU is71?os%ibt§ th @ﬁvﬁi&g ﬁleta?ﬁé&% of the

I'i qui d "supply apparatus 71 in a state erein
' j Liaui4h 112 i f ) |l e,. C t
er SRR FHRL B b Pl B bl AR B8l 20t ©
eBBRRE of hlhiarabied bV CERBIOT pethaPREER 5 el e

same as that inside the chanber that 25 houses the
suppes; S dlq RIanecnasd nl plateads avhighus hestted Iyethp pemosnie light EL.

enbodi ment. Thus, by using 17 the tenperature

adj udhedeliveappenzit Sisof Adhitiotheaippaaiinndrvay, eeeadtrom the liquid

imersion liquid IL2 at a constant tenperature, it is

suppl$ appreus Ot @h@&h?' 1% ifel 18, hiltBOR JuelidH Rzles 54a, 54b of which the
characteristics of the projection optical system PL.

L
tipfarts BleSwidk Beenldfrd i
e Rk R e s pRARS| ey SURARRTD 8 E NSy pive
t h ' rsi 0 iquid.1L2 the 5_te rature of
2, TR SRS ) o & swion tplies S0 b dposc so tha
appar at 73, cools the urface of the plane paralle
th %P%W‘&E,%l%ﬂ‘r”&hel} Roh effbpprojasionepialisvstom Bhin the X
.The delivery nozzle 53 of which the tip part is
diregtionyand @ {ow od sher sepnd; insndrsiom liguid S pin beafopmechinube 71 -
via a supply pipe 21, and two suction nozzles 54a, 54b
dirgetiaghetweenttbe plangpparaild] plae 2, wihieh is @xdvided t6 Keintefvhanging
liquid recovery apparatus 72 through a recovery pipe

polton2), arihthe thakrWer Y n€ezhereSataagh bgteldidm @ dsairihb,on
nozzl es 54a, 54b are disposed so that they sandw ch

delili&y heyRe isghgh RAIUV QR 8 pﬁﬁﬁelg? %e%%gljf (ﬁ'{&ﬁ&ﬁ)tni lﬁ%gssycﬁat, 64, a

PL in the X direction, and a flo e secon
TSSO 0 0 AT TR e g = o
is {jﬁc’raffgl Veire g,dantd(%hé ng io?%h%rs%po%ﬁ tinPngersion liquid IL.2 can thereby be
switched to the +X direction. Furthermore, although omitted from the drawing, a
second supply and delivery nozzle system is also provided at a position obtained by
rotating, by substantially 90°, the position of the first supply and delivery nozzle system,
which includes one set that includes the delivery nozzle 53, the suction nozzles 54a, 54b,
and the like, about the lower end portion of the projection optical system PL, and a flow
of the second immersion liquid IL2 can thereby be formed in the —Y or the +Y directions
between the plane parallel plate 42 and the wafer W.  In other words, when performing a

step movement of the wafer W in the £X direction at the time of exposure, a stable,




portion 40, and the wafer W Furthernore, although

omtted fromthe drawing, a 15 delivery nozzle is

formed between and parallel to the pair of suction

nozzl es 54a, 54b, a pair of suction nozzles is forned

so that one is on each sidejgf the delivery nozzle 53

and is parallel thereto, and the flow of the second
lamipaeay @Etheisqm'nd imiergemliqiie Hebyantte foswddtiehentite plhg

+X direction. Furthernore, although omtted fromthe
pathllghwlatg 42 and seooafer Wuppigth@ skt ﬂ@gl}”ﬁﬁfdbﬁeﬁ%& gxgzﬂé/ Ss8M; when

0

is also provided at a position tai ned by

perfointihiy B@tep oveHREL Fhd Rhfey WO tPé ho RQSHdH £ \?\%eﬂ!:rﬁé (I;]teexposure,

first supply and delivery nozzle system

' arSNRy tncl udes. th eliyery nozzl e 53,
- as%dr?g!’ g%??l on ngﬁFg%%éﬁéﬁ&gﬁb({n lqg}fgllgﬁgn# ; egégtly{ee]@ﬁ@
n ti of t rojection optjcal system PL,
S Pl F G 9 pnd e SgteoR aB T spomt 1ipel aad el note
t hereby be formed in the -Y or the +Y directions
syfiapuieeiniorndt isiparsblp tor alwhis stghiln fill thospacedbetivecrvihé plandyarallel
In other words, when performng a 25 step novenent of
plath2 awk the wafer W with f¢shisecead immestontihgid fiize Plirthermore, the
exposure, a stable, 18 Ilamnar flow of the second

arramgeatet a1 dpiegitivg of the deBverd BofAsHRd tﬁéestu\‘}f?ctﬁﬂrééégll%? g{&:ﬂ&losed

paral l el plate 42 and the wafer Wusing
in, FoiRahpROPCHThieMARY idati ReLEOL NG, 2
step movenent  of tlhréﬂgtg léc%h%%?ﬂ%é@%loﬁ,& Flbﬁrnﬁfe%? he
10 indol ..a_stabl | am nar .fl ow of the
inchREAG] RIS s Dot Bt Bmtedlly Be poiont lowg and
5.pl ane. parallel plate 42 and the wafer Wusing the
ror o B fenaing Vit brgtirbstoies degttehby Bnarisewr e,
. It Is possible to always stably fill the space between
ntgrpafignabpient appligatien. pl ate 42 and the wafer Wwith
fresh second inmmersion liquid IL2. Furthernore, the
ar r aligberehve dirdusspes thieidelivef nodde Sk lthe/eictonazzlee 542m%db, the
~the suction nozzles are disclosed in, for exanple,
lige@Tupply eppasdtioNi theRituid fabVeRy apyRrat¥BO LAPBR4femMbial | S
hereby 10 incorporated by reference in its entirety to

15 adjufimestdppaatR G0 FohdtRéle BY1ehdd ?m@ 8F in @ﬁelépl% Mre?(g%.{ye glechanism,

regul at1ons of the designated stat or e

m@&@ﬁ@ﬁ)eﬁjﬁ .zg{‘ﬂ, % sjagtiérpr?ozglreg §$ar,] t54b,itHf§ ﬁc&uﬁ& glilp%li]yal pparatus 71,

pat ent application

the liquid recovery apparatus 72, the temperature adjustment apparatus 73, the supply
~ pipe 21 and the recovery pipe 22 constitutes the circulation mechanism, which
constitutes at least part of a second circulation system.

20 Furthermore, the temperature of the second immersion liquid IL2 does not
necessarily need to be set to a temperature approximately the same as that inside the
chamber, and the temperature adjustment apparatus 73 can control that temperature so
that it is a desired temperature at which the image forming performance of the projection
optical system PL can be maintained.

25 In addition, in the present embodiment, a circulation system is formed that
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In the above discussion, the delivery nozzle 53, the

suction nozzles 54a, 54b, the |Iliquid supply apparatus

71, the liquid recovery apparatus 72, and the

tenperature 15 adjustnent apparatus 73 constitute at

| east part of the supply and9recovery nechanism and
rethet eliwﬁ{. nozzl e 53, the suction nozzles 54a, 54b,

VHE the 6P grpion digpidy b2, rwhigh was rdvevérediby thersectmnatoyzles 54a,

Spparatus 72, the tenperature adjustnent apparatus 73,
S4pHe thespipgratyse pdjugmeniappuiaais7Behutar leaftspae 32the second
_constitutes the circulation mechani sm which
Imgsrden fqied atechensl frpaile Qicticn SGSREI4E 1546 WadtHeWhcarded. and

system 20 Furthernore, the tenperature of the second
newNetednSdetohd infittrsloh Lidui Ly need ta.b

set to a tenper at llllj %émgggg g{% ?trlr)gts yﬁg Eﬁ{hgénep e&%mie giussmem
appdisthglg3 t he  chanber, and the tenperature adjustnent

apparatus 73 can control that tenperature so that it

i's ay erature at which the imge form ng

desi red .t
per f O ?%@htboél’ H?%Q;ﬁ%erﬁtpa adiustraent apparsten’3 eypslsonberlispoaed on the
be mai ntained. 25 In addition, in the present
do‘é’ﬁﬁﬁaﬂ%&qf%@ lqyid eupply appasapet Bm i s formed that 19
returns the second imersion liquid IL2, which was

r ecolreaddifidny thelpempiatd anksiefzkiete ﬁgaid supdp ap}ISEQathB #1 and the
tenperature adj ustment apparatus 73, but at |east sone

liquitl redvsciyeppndtus (70TRNIOA the fittiprablre acﬁg?%glgﬁ{ agggxra{%?\;)\; Bnot

suction nozzles 54a, 54b may be disc
ne@kRaly SR W Be bRl kPhe kg Uiy be supplied to
t he t[y enper at uir)e agj us@%@%ggggé?sg?%@pﬁ&% "ﬁ‘d a??eas"apm
thef @ tdd Qg ratur.e adpust nent apparatus 73 can |
“al soérl)e éllbg%gtggg’ ofn %ﬁlﬁue%m%‘g’éﬂ%ﬁﬂﬁla&?w@%@ thej rgejegtion
Ly apparatus.71. In addition, the punps and tanks
ex%#&%g?%ar%ﬁ%mllpﬁ%ikﬁl' supply apparatus 71 and the |iquid
reCﬁighé,agparatus 72, as well as the tenperature
adj Hiongih Hhertemperatpsss of gherfarst inbeersien BqwddL] yndhe decond
to be provided to the projection exposure apparat us,

imggrgiontanislE £ aze gatrollecher thetf theypare lie: satbosthih b.lhi@lgleh&mb&ﬁture
facilities in, for exanple, the plant where the

adjpstoprtcippamtus may be used for controlling the temperatures of the first immersion
liquid IL1 and the second immersion liquid 1L2,

The following explains a specific embodiment. A plano-convex lens of the
optical element 33 is made of synthetic quartz, and the plane parallel plate 42 is made of
fluorite. Furthermore, the thickness of the plane parallel plate 42 is 10 mm, the spacing
between the optical element 33 and the plane parallel plate 42 is 2 mm, and the spacing
between the plane parallel plate 42 and the wafer W is 5 mm. In addition, the image
forming side NA of the projection optical system PLis 1.25. In addition, the first and
second immersion liquids IL1, IL2 are deionized water (pure water). Deionized water
has an advantage in that a large quantity of it can be easily obtained at semiconductor

fabrication plants and the like, and it does not adversely affect the optical lenses, the
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exposure apparatus is installed. In addition, if the
tenperatures of the first imrersion liquid ILI and the
second imersion liquid IL2 are controll ed so that
they are the sane, then a single tenperature 15

adj ust ment apparatus may be,gsed for controlling the
tenperatures of the first imersion liquid ILl and

- photoecsseoithel wiafardW,gindnhd lilgui th Addtior, dé_lhﬁlz&i){vh@i/\ﬁ(;@ not advi Frsely

expl ains a specific enbodi ment. A plano-convex |ens o

imple thealir6herf] 1RARAxBAnd1§ 16 E6nt&t oF ¥ r@é&h‘%@eh G ﬁ %xlfsoepe

and t he pl ane paraIIeI plate 42 I's na

€X c 10 f l
BB R B 3B At

3..and .t he pl.ane rallel plate 42 is 2 mm
be‘% @Q' HY5 fgex Bt deenzehy walgs %Wéerba@th resepct by thexpgsure
rg&@%ﬁﬂﬂ@ mafer Wis 5 mm In addition, the inmage
1 iHYcluhase wovelmethd approjisenttly 200 pimi isasbsaEtatiyn! R4, ihe 193

1.25. In addition, the first and second inmersion
nm wanglength afithe Atiexvimerdaieotipneasshintesd GHE Svan Ve by 1/n, ie., to
Dei oni zedwat er has an advantage in that a | arge

appyogintatdly 194 ninf artbficieBy Biah Irésm@ilah %hﬁ‘ﬁéja feve@ M ERRAHGLRS

25 fabrication plants and the |iKke, I't does not

t he. 20
BBt 15 S AR et
o L G T3 A R ok i
o B ol Bkt

FurthernDre because the refractive index n of
sarpeOgR asdbet wehea useduatagy andihe tesplatipe Thprovestfhen epasipi as
| ight EL, which has a wavel ength of approximately 200
wellun, is substantially 1.44, the 193 run wavel ength of
the ArF excimer laser light is shortened on the wafer

W byThe encrdy.densityt @ thex@dr@it 6RE 8ptical 3ALREB3RABME Bgﬁ&‘?y
hi gh resol uti on can be achi eved. Furthernore, cause

eletnbgt 6P 3905f heehsgd Hé‘d’sﬁ?%@lﬁe @Qﬁe&@fﬁ" L ﬁ'%tsﬁjf%l‘:ﬁ Q?h g?‘fahgf

i.e., approximately 1 conpare
r of t 0
Plebep il el e £ 0521%% &ﬁy St g aiedaor R surpee
422%%@%1%% etll?el ppa%euif qn ote}ft)ar w019 S, (f:ocl)lgﬁjaiedovr\]riﬂtl trL% energy density at

‘the position of the plane paralle] plate 42, the energy density at the emergent side optical

surface 33a of the optical clement 33 is two orders of magnitude smaller, and therefore
the erosion of the optical element 33 due to the second immersion liquid IL2, laser
compaction due to the exposure light EL, and the like are at levels that can be ignored.
At the emergent side optical surface 33a of the optical element 33 and the
emergent side flat surface 42b of the plane parallel plate 42, the reflectance along the
optical axis are 0.14% and 0.03%, respectively, and the reﬂectancé along the optical axis
with respect to the incident angle (60°) corresponding to their maximum NAs are 0.87%

and 0.32% (the average of the S polarized light and the P polarized light), respectively.
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same order as that when used in air, and the
resolution inproves fromthis standpoint as well. The
energy density at the energent side optical surface 33
a of the optical element 33 is 1.5% of the energy
density at the energent sidg flat surface 42b of the
15 plane parallel plate 42, and is 3% of the energy

In dthesivoydsaif thermmglerndiintéddnes btiBe iiEﬂttra;;s Bf thdefpostraight EL RE0° to
pl ane parallel plate 42. In other words, conpared wth

60t higenaneregléctafiass thé iffermddife Qx‘ﬁglig% %eontiEQ%H%&nﬁa and the
parallel plate 42, the energy density at the energen
fingl ' of the,optical gment 33 is.
il G POk PR Mt OSB3R B G B p BB Vg o,
icon of .the optical elenent, 33 due to the second
anff IRERCAER gtefloctiiet volps thef el porsibleidaah mireRstion I Ren be
exposure light EL, and the like are at |evels that can
caflly acis¥sded. At the emergent side optical surface 33a
of the optical element 33 and the energent side flat
sur f dbefollRling exphéngthanperpiunalflted piojeatien ddosird 8pparatus
refl ectance along the optical axis are 0.14% and
defic@3% FiGes pad tHevidley, TROHqHIAS h i
optical axis mﬁtﬁ respegﬂ t%ﬁfieﬁﬁﬁﬁgggk?hgﬁgp%nﬁg8“?m£d
in §BAh&S RAMe Bt b LI ' [ «S7% 25 and .
in sttn%nfeg‘?(%rf 1t1 i gf’[u Wh%%a@a%p?séeﬁmz ég}?&"%%?{& is

0.32% (the average o polari ze
: ' -] ..fespecti.v 21 I.n other. words, _if
cirkla8d I @ ik Aol L EPREGH Y R ¥ iinpei P plioal sican pL
exposure l.ight, EL i to 60, then the refl ectance at
Neyf, 25 BRpEprialely g ths 4 stoge Qianh thepXY stape dtherpeiegtiomoptical

and_the final emergent side flat surface 42b is an
SYSiStR Pl pssitiongd ¢ anappeonsiagosation vidGrespecio 3R vafer M At this
_therefore a reflectance value that is not possible
timgi, the lignidasupply ebbaatuis @h the lignid eobay Spragis 72, a6 HRMBE are
The foll ow ng explains the operation of the projection

acteatpdsnd eheappaidaininsersiohe Biill @02, ivihifH Kash BRstatthEmpdriire, is
The liquid supply apparatus 75 and the |ike are

iradite@b&tlect the HhYG ' . OHET §) AWt
ciraaiuabadcet fe 1P S 1 BRI TP MY e
R, Whereltethb o isq@ﬁnéda i s%pér%ﬁgors\llnogﬁ); axldc un?ttongxpyeillﬁtrr&a?e%tblyotﬂe

optical System

exposure light EL that emerges from the illumination optical system 1. A light beam,
which transmits through the pattern of the reticle R, passes through the projection optical
system PL and forms an image of the mask pattern on the wafer W, which is a
photosensitive substrate. Furthermore, the entire surface of the wafer W is sequentially
exposed with the desired pattern by performing a step movement of the wafer W within
the XY plane orthogonal to the optical axis AX of the projection optical system PL. At
this time, because the optical element 33, which is provided at the lower end of the main
body portion 30 of the projection optical system PL, is disposed so that it is spaced apart
from the wafer W, it is possible to avoid damaging the main body portion 30 due to the

exposure light EL and the first immersion liquid IL1. Furthermore, the performance of
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10 Next, by appropriately driving the Z stage 9 and
the XY stage 10, the projection optical systemPL is
positioned to an appropriate location with respect to
the wafer W At this tine, the liquid supply
apparatus 71, the liquid regbvery apparatus 72, and
the. like ar ctuated, and the second i nmersjion

thy Prwf’{d‘)ﬂ q ‘,Cﬂe‘\/ﬁéfﬁ EWUﬂa%a"abedBfH%‘taﬁ’ﬁ@ forenjpRg pgripdeot time because the
circul ated between the wafer Wand the plane parall el

Plgge pereliabplatg/d ik micht e drmaged by theexrposui dight IBL.ithesecond

. pattern is formed, is superinposingly and uniformy

imyriersien il 2p9nd the likeyqan e replided MithELneiwhate AAerReitisthe
fromthe illum nation optical systeml1l. A light beam

intedechapidg mirter 46 T 08EN HaEaRa tHeQpieetdd the it ci&ent 33
passes through the projection optical systemPL and

and He"FarRbatMBOS AR 42 HOB1EPRL Qgitrét Shihe tlh:ﬁl%d“ﬁf 1 vhith has a
wh strate. Fur the

ich is a photosensitive su ernore,

o f f.the er Wjs se ntiall 20
relSELE Bk RS BBt L UnSontal oy A P lpepestigppace
42ni$verrenﬁ]aof the wafer, Wwithin the XY plane

o HEGBREIT® Vet etinstipr al the sergppt siste apfieal sridpeeci3p of the
optical systemPL. At this tine, because the optica
optad glsmentB angtihe incidenipidp flat eurface 42h of the\péme pachilel plathd2, as
main  body portion 30 of the projection optical system
wellas degraditopos ée iamgt fatming chamcepatade apante. Fu@RBrinbe:,
wafer W it is possible to avoid damagi ng the main
bedmelythp 6pdck: GBrwien eéSplar ﬁafﬁle?ﬁaﬁ@%ﬂ iR Wafgy éh b2 %iled
the first imrersion liquid ILI. Furthernore, the
duRfs & ri ' ' tem Pl. c
B QTSR rameldtfe sl skl (b AR STop g2

be” mai ntai ned fo g period o

0 AL B b L P B R e

Elmand the |ike,. can be. r e,ﬁl gfed with a new one al ong )
et dhfsecont intrgrsing Hingd Jb# ppeghis rducqdn ths eppsation of supplying
because the space between the optical elenent 33 5 and

the; s5eond) igymeryion ﬁ'ﬂmé L) a ke pepformed ¢fficintimindrapidty, pad the speed
imersion liquid ILI, which has a refractive index

of thegxposyreproesss tan behiatreasedt he optical el ement 33 and
the plane parallel plate 42, it is possible to

pr evEmtherableptht aanuat ofthefigMBiEason %gdﬁ PP theGken the optical
surface 33a of the optical elenment 33 and the

cleiai SBAtd tﬁ% gl%né bahng WheELmA2 airkt 6bhEnE LARELRR R deflnd

pl ate 42,
immersion liquid IL2 between the plane parallel plate 42 and the wafer W, or it may be

the same. In addition, the flow speed (or flow rate) of the first immersion liquid IL1
between the optical element 33 and the plane parallel plate 42 may differ from the flow
speed of the second immersion liquid IL2 between the plane parallel plate 42 and the
wafer W, or it may be the same.

Furthermore, because thc first immersion liquid IL1 is relatively spaced apart
from the image plane of the projection optical system PL, the change in the temperature

of the first immersion liquid IL1 due to its irradiation by the exposure light EL is small
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wel | as degradation of the image form ng
characteristics, e.g., flare. Furthernore, 10 because
t he space between the plane parallel plate 42 and the
wafer Wcan be filled during exposure with a
conparatively small anount pf the second i mmersion
liquid IL2 (conpared with the first immrersion I|qU|d
coppared pyithithesdcamdngbenion liquidd L2 cbe ndrairse afffe)t, of tieechange in
amount of the second imersion liquid IL2 used is

tempulatoedf thdidrsojpenation tigeitl 15 Uppbyihe Gmadd rbiae @eormance of the
imrersion liquid IL2 can be perforned efficirently and

prajeqiotl loptic:28ghtérh @T.IPGAEE snid @fnphha WHPRS ?&:%ﬁ@ [r?&@éﬁ)nqmld

be i ncreased. Furthernore, theée anount
I t .33
R R TP B A
coPBAikind REo e Shersins TR L Bblchanes Ts mwater Wedpotsdore,

the same. In addition, the flow speed ggr flom1rate)
theeayitrd amaugt of thadrss ipmersioguiawid i1 ipsmalisr thaorihatiof the second
optical elenment 33 and the plane parallel plate 42 may
imgietsicar liquidh2; hed fheowquisp Hod spéed (speedef eaplhcingthe fh@ersion
liquid IL2 between the plane parallel plate 42 and the
liquih ef thé\fira imirersimyliqad ILflernﬁy’le@smﬁwi'ttﬁhﬁrtm)&@endoﬁﬁﬁé@%n liquid.
the first imrersion liquid ILl is relatively spaced

Aceeirgly, iHeQiPetiBn I RGHILRAARE ok uhﬂl%rs%noﬁcgﬁ& g_grbapt'ﬂ{; ﬁglwery

system PL, "t he change in he t enper at ur

HEL AT g‘ééffﬁ%%”fmé%ﬂ'g%ﬁash?%ﬁﬁlﬁ? 9
|12
b e PSS Bt P S b

L1 gon the i mage form ng performance of the
prooj Bt akeve 815?1%1541 theynseseph 1pyention gedording tretht ewbediment, but
with the second inmmersion liquid 1L2, and the first

thy Rfﬁ’@fl*smmtlonqmnqt linpiteditg t}@abemnmhé@/emlmhmﬁamt K@ example,
contam nation 5 conpared with the second i nmmersion

in dddiiindto Ipure Witk it isalsé pesksibld boaisvafiguid i tHelTakeharsesondt he
required amount of the first imrersion liquid IL 1 is

imsRBidrdiquiddani f n2tthathad ﬂﬁfﬁé@ﬂt‘%fbﬁsmitfm&r ﬁiﬂ?ﬂesi& At e bkSosure
and t he requi red flow speed (speed of replacing t ﬁe
ligh BB 134 & high a refractive index as possible, and is stable with respect to the
projection optical system PL and to the photoresist coated on the surface of the wafer W
For example, it would be suitable to use a fluorine based immersion liquid as the liquid,

which transmits the exposure light EL of which the wavelength is less than 200 nm, that

includes, for example, fluorine based oil (Fluorinert made by U.S. based 3M) and

perfluorinated polyether (PFPE).

In addition, in the embodiments discussed above, pure water (deionized water)
is used for both the first immersion liquid IL.1 and the second immersion liquid IL2, but
the water quality thereof (such as control temperature, temperature stability, dissolved

oxygen concentration, specific resistance value, total organic carbon (TOC)) may differ.
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liquid) of the first imersion liquid ILI may be
smal l er than the second i mersion |iquid.

Accordi ngly, the operation of supplying the first
imersion liquid IL 1 by the delivery 10 nozzle 51,
and the operation of recovel#ng the first inmersion

Fdrle4h G| the. suction nozzle 52 may be stopped
s cHihfle, e b T B Pond Theisnriquidse combo higher than the
“%%ger.vv The above expl ained the present invention
accaélragfyr?é thegmstimmersiga ik 1. bletadtdienpdiéferent types of liquids
.inpvention is not limted to the abovenenti oned
(ing JeEPAUS solugpnsy xayieatsed fon theditst inmmertion H?Mii& TVRART the
it is also possible to use a liquid as the first and
seepad amehetsion liqréd Bion 1iquids LI, IL2 that has
sufficient transmttance with respect to the exposure
| i ghtn &dditidi@theaKpdtiusdiéht ¢ i ye j.ndex as possible,
and is stable wWih r eé%le??% g&:an\él‘?edp)tP%IE&“flgﬁr %ﬁ?ﬁ@ﬁf’
insosa! B Bleirflld : toresist.coated on the surface
of the wafer el%%?hégiz@a ag?fepgthmﬁﬁe (A3 mn wayelength),
sy fluorine hased imersion |liquid as the |iquid,
' h\}/%g fjcéﬁ ntnlf gﬁ%ﬁﬁ"[@qt@@ MEEHEE damep. end Hhe like, why bhiseH. t Rer example,
.fgayelengﬁh is less than 200 nm that 20 includes, for
1 RS IRer laser ight deussddthen syinthe(isuarts, Heotite nadie ke ddnBe used
bhased 3 and perfluorinated polyether (PFPE). In
as Higdnain bedy matetidlef droupdicaleidrsend 03 Cihd SR BnARAN SruoRHE 8MgF,) or
wat er (deionized water) is used for both the first
thei lfkewns bonsddiag dietnbtblial §56kht berirs 861 ﬂgm rS4ON Al y{iﬁle
L2, but the water quality thereof (such as control
flubiaPRF atdfife, daft WD GERL N, [ )l di ssol ved 25
fle, B BP RS B Meody Wi REe Fiog aarepigh e 42,

oxygen concentration, specific Tésis
butQk SRS ol differ. 24 For exanple, the

1:\(/Jjgt er lq%ai i t)g/ﬁ] %I%J%:égege%%}é?? © {tiThds 2PLiR spiter frem thepreblgm of
1 ' r than.the, water quality of the first _
as'?‘er?r?leﬁ#’g?‘g"ﬁ‘ g Fea{‘}f"&n’l shoit wavRleRgp-¢ Toreddisionsiépsing F1 Japre diggb,
theIi ui.ds gi ncl.udi ng aqueous sol utions) may be used for

B LoRi{e ©f X3mRlp.<PB e preguas dha main badyintakeeial eithenptical clement

impersion liquid IL2. 5 In addition, the exposure
33, jand magpesiyng finenidd, fariexeniplepcalrte wsatishe magsiar of thght ;

instead, KrF excimer laser light (248 urn wavel ength),
antreflactigefilrh ilphdof( LATthis tityyaluoki®) r@kample, can be used as the main

body material of the plane parallel plate 42.

In addition, the material of the antireflection film of the optical element 33 is not
limited to magnesium fluoride, and it is possible to use fluorides, such as lanthanum
fluoride, gadolinium fluoride, neodymium fluoride, yttrium fluoride, LiSrAlF 6, and

LiCaAlFg, as well as to use oxides, such as sapphire and crystals; furthermore, it is also

~ possible to form a multilayer structure by appropriately combining films of these

materials.

In addition, in the embodiments discussed above, the parallel plane plate is used

as the optical element of the interchanging portion 40 of the projection optical system PL,
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i Iine (365 nmwavel ength) of a nmercury |anp, and the
i ke, may be used. For exanple, if KrF excinmer |aser
light is used, then synthetic quartz, fluorite, or the
i ke can be used as the nmain body material of the
optical elenent 33, and magpsesi um fluoride (MyF2) or
10 the |i ke can be used as the material for the

bup der examplecitimay teial lenstthatrhes fin extremdty small reficactivd index. t én
for exanple, can be used as the main body material of

additien phaogticobelethtet|3 3pif atieeprdidctionbayiticalysy bRt FICis @ Whinb Zof ek
al so be used because it tends not to suffer fromthe

lera| whéreim ks optlcaBRKETA6OBNAS Eif@f‘s@facé,@uﬂtiiél/ aky p(%:é‘ijgfetto use a lens

wavel engths. In addition, if using F2 |aser |ight,

I | F be used as the main
W%E%gtﬁﬁa#gée}ltgﬁf%%%gﬁ?%%e?aﬁuggpeénent 15 33, and
magnesi um fl uori de, f.or exanple, can be used, as the
mat e i e e‘é‘hf’%‘liﬂ’éﬁﬁsg‘@ﬁnﬁ%ﬁd ARV &ﬁé&ee 8hd repeatisyigiem
time, fluorite, for exanple, can be used as the main
PIYEEPn FEPRITEAPPATRtS HRay e atisaxapsuss typp.avkichiexposes one shot
addition, the material of the antireflection film of
regipreoniheivedir Wliemstate Bikréis throwafel Whistselstdntialipgagariaryybut may
fluoride, and it is possible to use fluorides, such as

alsodetalsamming2&pbiure tyipd ewhdéid Ghd Whtdr iseQpdse@ while Ay Higum
fluoride, yttriumfluoride, LiSrAlF6, and Li CaAng,

a S I . 1 »
W Add@fort th tﬁlé emBSHidRsts dﬁéﬁ&e@%bcﬁépzﬂhé)@lgse\ﬁ? gp;%a{)a}turrs] is

crystals; furthernore, it 1s also possi
j pri.ately combining,fil
el {ra ARSI, WEEe B BEE SR B R el St Phene
i sgussed abov the. parallel plane plate is. used 25

wag%ﬁg% opt PR Hw@ﬁ@wﬁqwi fﬁ@ ??&%E? RRSERG ISR aHs Yle

of the projection optical systemPL, 25 but, for
adapte 9] ad1quiq npgersion eXPYSEFEAPPRAIUS gt mpyesx stegsraihychdioldsi the

refractive index. In addition, the optical elenent 33
substratetie bp expased. i A ligpidibeth, asdistlesed Ph Jipenese fineranined Petent

| ens, wherein the optical surface 33 a is a flat

Amplicdtmoelird Publi¢ativs Nal. 0611048730 hewtid asi®m i€ RSmersion
wherein the optical surface 33a is a curved surface. 5

expobuRtPphrafii thdt Forbl® IRMRPEHNRRAL BasH REHUFBEHIRPY S ihe sBSe and
step and repeat system

holds the substrate therein, as disclosed in Japanese Unexamined Patent Application,

First Publication No. H10-303114.

Furthermore, in the abovementioned embodiments, in addition to the nozzles for
supplying and recovering the second immersion liquid IL2 from the X direction and the
Y direction, nozzles may be provided, for example, for supplying and recovering the
second immersion liquid IL2 from a diagonal direction.

In addition, the present invention may also be adapted to a twin stage type
exposure apparatus that includes two stages, which separately load substrates to be

processed, such as wafers, and are independently movable in the X and Y directions.

The structure and the exposure operation of a twin stage type exposure apparatus is
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proj ecti on exposure apparatus nmay be a static exposure
type, which exposes one shot region on the wafer Win
a state wherein the wafer Wis substantially
stationary, but may also be a scanning exposure type,
wherein the wafer Wis expoggd while noving. In
Hgggitjon, in the enbodi nrents di scussed above, an
disclosed in for gpprmplat lpancse Unexamiopd Baterithraiplitaival FivstPublidation No.
t he space between the projection optical system PL and
Hi0nko300@ fusct Japanist Wnbkeenined Paent APFEE&IANFikd BUbEkatibz Nob Ut
the present invention may al so be adapted to a |1 qui

HI0R2 783 (dnexRagibe ). 8 PRACRNG. G,Eﬁ,od‘?o&,%o ﬂ4?f16?%®;zlsgm

whi ch holds the “substrate to be’exposed, 1’
' ' ' Pat ent .
S T R et N e S
Pufifcalih Rorieifining TR PHER Nias 045 g b oF 1 o Btgoighin 4%,

$ﬁ9gg.gﬁd hol ds the substrate therein, as disclosed

ang je ‘B QS PFesashibawely romratephy iefatnconn its erffiretytto the
Publ i cati on No. HI O 303114. Furthernore, in the

exigpavansied iby tehatiobd dawemtdsregilati @ Q@ HeRsipRatt NQatBOTE LRSted
for supplying and recovering the second i mrersion

stafes)yleisignhtcd b Herpredeat KiedhdiRakl fARnANHIENS. 20 Y

direction, nozzles may be provided, for exanple, for

SUPPhyidaioANss G&FRLE Jragaﬁéas URES: nﬂﬁ%&dﬁ@g zlpgﬁ?agfoﬁ,%%t

IL2 froma diagonal direction. Thn a
[ >R 4 al so be .adapted to a twn stage
P oL T e 20 P bre i iR bttt Aqjeseposure
' separately | oad substrates to be processed,
app\gl}%‘fishtg%t 1&@%‘@?&}1 CXRYPULE Hagen whish s heldyandmpap k ubstratette bx

directions. 25 The structure and the exposure

and Y
: prosﬁéﬁ:datsp%s&wgeq, #icha meagecrngny etapx hosng @rapp meadutifg nfembers

26 disclosed in, for exanple, Japanese Unexam ned
andsgpoRs- Appl i cation, First Publication No. H 10- 163099
and Japanese Unexam ned Patent Application, First

Publ AcatdingitoNbe embidim2Ad T83udse@EBRS PORslt iSi t
Nos. 6,341,007, 6,400,441, 6,549, 268?1%%31%%{:”55‘6%3@%&{,

pmﬁ?biaﬁqﬁiﬁ gifb?gﬂsgﬁ%pgﬁﬁ‘é‘ﬁ{e%b{i@ﬂ sDace 3398t 23381 Wstd Srain
body 30, and therefore the optical system main body 30 is disposed spaced apart from the
target workpiece, such as the wafer W, which is disposed on the second immersion liquid
side, through the plane parallel plate 42. Thereby, the plane parallel plate 42 functions
as if to protect the optical system main body 30, making it possible to avoid damage to
the optical system main body 30 due to the immersion liquid and the exposure light,
which condenses on the plane parallel plate 42 side. In addition, although there is a
possibility that the plane parallel plate 42 will be damaged by the second immersion
liquid IL.2 and the condensed exposure light, or that impurities in the second immersion

liquid IL2 wilt adhere to the plane parallel plate 42, the performance of the liquid.

immersion type lens system can be maintained over the long term by replacing the plane
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5 Publication (corresponding U S. Patent No.
5,969, 441), or U S. Patent No. 6,208,407, and these
di scl osures are each hereby incorporated by reference
inits entirety to the extent permtted by the
national |aws and regul ati opp of the designated states
(or elected states) designated by the present
Parahieleplatat? ovithl a peat et dp pdditiod, ibecausd the A iikin@siondsquid 1.1,
di scl osed i n Japanese Unexam ned Patent Application,
witiclr Iets akOfraetibe ek hiheNdan hiofadn Aspok ELRVESARL plane paraliel

i nvention can al so be adapted to an exposure

plAPPRRRL U8 opial sfirf’a%% 49£5¢ @8 o@fﬁ%g sSyiten ﬁl%ﬁigo%gy\ﬁ’g E%ﬁic%@erfgnent

hol d and nove a substrate t processe

; urenment, stage hayi ng vari ou ) )
38 o R MR b3 Srcal pifortiaged o bpigmmersion
n;godi nent s gjtﬁculssed above, a |ight transm ssive
opfifal Reps, c5ah tithplap: Barallel plaesd s djsosssd. b plsoito prevers
ptical surface 33a of the optical systemmain body
religglion aicpng uade s ¢he laneqpirallchplasy@tantht insliilve, bowyi! 30ddgsadation
di sposed spaced apart fromthe target workpiece, such
of the imhge fomhang Miravleiistivsidae ¢, EpesedpRniikhe second
imersion liquid side, through tﬁe pl ane parall el
p! at B ARditioR16scalit.thé ARkt hABRIAHGRHA 12} 2Rl HeSedind immersion

functions as if to protect the optical system

i is i NBisinos | en er.dd- i NS
S BT e B R s

optical system : _
and I L D RS o gt e o RougaL” n

here is a ossibility that the plane parallel plate
ad‘ifgo 36?&%%%2%@@&%3}04 Heuid Heloandt tﬁm@ps tmersiogiqid IL2 are
and t he condensed exposure light, or that inpurities

-isofafed; e expessrripTopese red th likk icgrubaipdroPmed Effickatie be interntiently

pl ane parallel plate 42, the performance of the |iquid
suppdyingroecosiiowousiyrefrbahings thy sécefid faMeRRNTRiuRE AI2ReFhrA¥E from
the long termby replacing the plane 27 parallel plate

thod@shinferaoe i@ gL 1, IWwhiadRhds 182n iREGIEE '
i mrer si on I}Méui d ILI, which hésﬁg r ef ré%tﬁ}rélhegh?%tdex

S R R U S R
mafRfab&GRld b3y 7 Et@ﬁ"zUPh{At 9839 s%% A]g&}dn(s: gr|1d petl,rfoql%g}lce of the
microdevice; a step 202 that fabricates a mask (reticle) based on the design step; a step
203 that fabricates a substrate (wafer), which is the base material of the device; an
exposure processing step 204 wherein the exposure apparatus of the embodiments
discussed above exposes a pattern of the mask onto the substrate; a device assembling

step 205 (including the dicing process, bonding process, and packaging process); an

inspecting step 206; and the like.
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33), it is possible not only to maintain the high
optical performance of the inmmersion 5 optical system
even if the plane parallel plate 42 is disposed, but
also to prevent reflection at one surface of the
pl ane parallel plate 42 andpghe |like, as well as
degradation of the image form ng characteristics due
to, for exanple, flare. |GLAIMBti on, because the first
imersion liquid ILI and the second inmrersion |iquid
IL2 are isolated, it is possible to prevent the
| probl em of the m xing of inpurities, 10 and the |ike,
. 1.7 liduid Beaascni Bsd i O G into the first
quid tjéf‘ml LII% $95ketnl %Hlﬁ?énjrr]gz

i mrersion |iqui . In additiom because the first
| MexShH b didl I e secand | rsion |jquid
L2 ar elg)[n:iajs%)ylg*aétk‘rgr(gll flﬂ{nttﬁ’gy g%ég%su&}‘ne()pgf’%égén&é\i g ?%f aﬁqn}gean
rnmed.efficiently by intermttently
op gé}g g%s}l tﬁé{)%t ?C cOREEn ﬁ?ﬂﬁ%‘ﬁt‘?g pdirstdemernyon aidecond

[ rmerﬁl on liquid IL2 separately from the first

i met R riransiiting membenthatds Measistaces, ame omprch endrelohg iHe

t hroughput. 15 As shown in FIG 3, a mcrodevice, such
opiical axis drflispregd opposingahe omtical mfaﬂﬁﬂ%&@%ﬁﬁaﬁﬁys&)ﬁ m@in¥oap,

201 that designs the functions and performance of the

ongpigho thew swracescomtain?®h firfidfnfcadisd GALE tH%ch
(reticle) based on the design step;(ﬁIall ’21?%% 0 t]twhta‘ﬁo

surfaaby éonbictifi @ s&deRd ihAkRidn Il hng WNi Ch is the base
material of the device;, an éxposure processing step

204 ' appar at of. the enbodi nents
20 o T oo PO NG PRt ety i wltgerobego tht
trate; .a device assenbling step 205

the :ﬂ‘ﬁé U ?r?ﬁp?sﬁ%th&i"@ﬁ?@ Sifase of the apgpdlissigers mnde bedy. and
packagi ng process); an inspecting step 206; and the
like. 28 CLAIM5S 1. Aliquid imersion type |ens

5 ﬁéiteny conprisin?: an optical system main body that

- quid igpicrsen type fna systen acmoediagth GlabNY, whereid tAPLIEAd
axis, the optical surface contacting a first inmersion

secondyigimiersign ligids cachdndodd witeg menber that has two
surfaces, one on each end al ong the

3. Aliquid immersion type lens system according to Claim 1, wherein the first

immerston liquid is isolated from the second immersion liquid.

4. Aliquid immersion type lens system according to Claim 3, wherein

the first immersion liquid is reserved inside a closed space, a circumference of

which is closed; and

the second immersion liquid exists in an open space, a circumference of which is

open.

5. Aliquid immersion type lens system according to Claim 4, wherein the amount of
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optical axis, is disposed opposing the optical surface
of the optical system nain body, one of the two
surfaces contacting the first imersion liquid, the
other of the two surfaces contacting a second
imersion liquid; and 10 a B®l di ng nenber that

thdﬁtachabl%/ iupports the light transmtting nmenber so
§ Higt immpersiog iguid rescaed 1n ptmg@@dtsme &peredal theuthe aneuntfof the
the optical systemmain body. 2. A liquid inmersion

segqpddmmersonsijaitid axisttngindhangpenspa@eai m 1, wherein t he
first and second imersion |iquids each include
water. 15 3. Aliquid imersion type |lens system
according to Claim1l1, wherein the first immersion

6. iAdlituld itBmbsRhayRAehd SRhNRcSARING CLIRES %h%&é& I
4. Aliquid imersion’type | ens“system daccordi ng 0

: o r-ej Lrstoi rsion liquidis

Uaﬁggggﬁe e%@@?ggﬁgﬁgp%gg L%epg@'g?‘fgecircunference of
which is closed; and the second i mersion |iquid
exi sts in an open space, a circunference of which is
open. .25 5. Aliquid imersion type | ens system

7. ac%l&l%‘i mgersiogitenerteas syshmrastordingdo Qkwmnt, finthe? omprixéng:
first imersion liquid reserved in the closed space is
gr eat ewppihaml iebeveaymiachanistn hbesupplas aldsc SRTEREA@Son liquid so
liquid existing in the open space. 6. Aliquid

that theesesindriming@gon BHSd SHRAAMROARE §F 8 th8 stireMald recovers the
wherein the light 5 transmtting nmenber iIs paraFTeY

sedohd Emi}- : o] V1o I sion type lens
system 5’2‘2@?“3@%}‘ céngﬁ&%tﬁg%grr%ugﬁgg conprising: a
supply and recovery mechani smthat supplies the second
imersion liquid so that the second imersion |liquid

3 c%nkfc S the other, of the two surfaces, and recovers
"t he

UHIBERR YRGSy AT acerifiag tkiain 1o Srther eampriréng: -

ot her surface. . .
a circulation mechanism that circulates at least one of the first immersion liquid

between the optical system main body and the light transmitting member; and the second

immetsion liquid, which contacts the other surface of the light transmitting member.

9. Aliquid inmersion type lens system according to Claim 8, wherein the circulation
mechanism includes a first circulation system that circulates the first immersion liquid,

and a second circulation system that circulates the second immersion liquid.

10.  Aliquid immersion type lens system according to any one of Claims 1 to 8, further

comprising:

a temperature adjustment device that adjusts a temperature of at least one of the

first and second immersion liquids.
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8. Aliquid imersion type |ens systemaccording to
Claiml1, further conprising: a circulation nechani sm
that circulates at | east one of the first inmersion
liquid between the optical system nmain body and the
light transmtting nmenber; ahd the second 15

11! rrgelr%l n ligiﬁi d, vi,hi ch contacts the other surface of
t het 1YY P ERE Y Reensgy semsesording tnClaimi, wheteinshe fios and
tnﬁe | ens systen1accordjng to Caim8, wherein the

Se€¥ AOMsrsghliqudsre hvtbdelonseddetera first circul ation
systemthat circulates the first imersion |iquid,

and a second circulation systemthat circulates the
second imrersion liquid. 20 10. A liquid inmersion

12ty ndiduatiasotsion MRIGHSGLEE obraRk 0L 1ah IWALR e ligh®:

further conprising: a tenperature adj usfnent

trah§afttiRdhabS i@ e of at |east one of the
first and seéoﬁlggﬁﬁggéﬁ%n liquids. 25 30 11. A

liquid imersion type | ens systemaccording to C aim
1, wherein the first and second i mersion |iquids are

both. dej.oni zed water. 12. A liquid i mersion type |ens
13syé{]’@mda‘8'€%‘?‘%}% fypedensisystem necuiag &t Glaimd, whepkin ansoptical

transmtting nmenber is made of fluorite. 13. Aliquid
elemenbihal eonstityise theapsicalyatfam didieosicalgsysemGhath Body is made of

wherein an optical elenment that constitutes the
syrdbdticapiartsur f ace of the optical system main body is

made of synthetic quartz. 10 14. A liquid inmersion

type I ens systemaccording to Caim1l, wherein an

optical elenent, which constitutes the optical system

14 MBA KRR %m ' ransimtting. er. transmt
oAb 0 L O L0 e TSRS LA
element, which constitutes the optical system main body, and the light transmitting

member transmit ultraviolet light for projection exposure.

15.  Aliquid immersion type lens system according to Claim 14, wherein the ultraviolet
light is one of ArF excimer laser light, KrF excimer laser light, F; laser light, and i line of

a mercury lamp. . .

16.  Aliquid immersion type lens system according to Claim I, wherein at least one of
an optical element that constitutes the optical system main body and the light

transmitting member has an antireflection film.

17. Aliquid immersion type lens system according to Claim 1, wherein
the light transmitting member is made of fluorite; and

an optical element that constitutes the optical surface of the optical system main
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15 15. Aliquid imersion type | ens system accordi ng

to Caim1l4, wherein the ultraviolet |Iight is one of
ArF excinmer laser light, KrF exciner |aser light, F2
| aser light, and i Iine of a nercury lanp. .. 16. A

liquid imersion type | ens 3ystem according to Caim
%,_v\,her ein at |east one of 20 an optical elenent that
bodyisamade of sgntheiic @ptz-cal system main body and the Iight
transmtting nenber has an antireflection film 17. A
liquid imersion type | ens systemaccording to Caim
1, wherein the light transmtting nenber is nade of

18f | AdiguideimmadisioR Bypa ler8 Ry dt6ralac&Ir@iNE B Claiall 7CARG LIt B8t and
the optical surface of the optical system main 31 body

sedofd TRARrsRIn FYINGLR fcR@Water. 18 A i quid immersion
type lens systemaccording to Claim17, wherein the

first and second i mersion |iquids each include water.
5 19. A projection exposure apparatus that uses a

19pr8{ ection optical syst egwto proj ection _expose a .
pat tPEYRCY O] FPraTallysiagtusese PrRkskthen Qticat system tqreiection
i mrersion type l-ens system according to Caim1l, that

eXPRSE APpatiera 1mpgg oo A subsirgle, omoprisingsubstrate. 10 20. A
proj ecti on exposure apparatus that uses a projection
opt i edhuigysitreni¢otype ljne s¢stemn, aceotpipg o Elapatll éanfirmBde
onto a substrate, wherein the projection optical

patots i18idd diCthy @@tsira@N optical system main body that has
an optical surface at one end along an 15 opti cal
axis, the optical surface contacting a first inmersion
liquid; and a light transmtting nenber that has two

20° ukfp%‘jg&ionoel}%ogu?e z?pall)%patuesntﬂat‘rjllllsgsnagprtOJhe%tion optical system to projection
expose a pattern image onto a substrate, wherein

the projection optical system includes:

an optical system main body that has an optical surface at one end along an
optical axis, the optical surface contacting a first immersion liquid; and

a light transmitting member that has two surfaces, one on each end along the
optical axis, is disposed opposing the optical surface of the optical system main body,
one of the two surfaces contacting the first immersion liquid, the other of the two

surfaces contacting a second immersion liguid.

21. A projection exposure apparatus according to Claim 20, wherein the light

transmitting member is detachable.

22. A projection exposure apparatus according to Claim 2.1, wherein the light

transmitting member is parallel plane plate shaped.
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optical axis, is disposed opposing the optical surface
of the optical system nain body, one of the two
surfaces contacting the first imersion liquid, the
other of the two surfaces contacting a second
imrersion liquid. 20 21. A BRojection exposure
apparatus according to Caim 20, wherein the |ight
transmtting nenber is detachable. 22. A projection
38X osuy e apparatus according to Claim 21, wherein the
bi %rRrOJegtg)qqxgﬁgm apparjuyasntrding te (Rainedd, ehheRifimne pl ate
shaped. 32 23. A projection exposure apparatus
ac c o Ad mngespnGired inldAlly iekee withaRe §EHEd $hiadsBh glaufdst) the
locally formed with the second i mrersion |1quid~on The
subwilatt mat e; and 5 the substrate is exposed through the
first and second imrersion liquids. 24. A projection
EX PO [ t aim 20, wherein the
1T oreaanRRRat ShiRedAEALA O ol S Bubinsitpudends
water. 10 25. A projection exposure apparatus
according to Claim20, wherein the first inmersion
saliquid is isolated fromthe second inmersion Iiquid.
26" PRIBHIONEXPOUFE ppputisrecappataClsma0c wheteinghé firsChal m
25, further conprising: a first supply and recovery
secpe iampsiontligaidssagpinblede therfi rst i nmersion liquid 15
and recovers the first imersion liquid. 27. A
proj ecti on exposure apparatus according to C aim 26,
further conprising: a tenperature adjustnent

25.appardédtivn ehgds ng%ﬁls%céo?ﬁmgfoa& 5 28,2\% %glﬁllfliég ﬁltst

i mrersion liquid. "20 28. A projection? _
mngﬁﬁglhgfquﬁi i@%%&f f?&n‘ﬂ?e sgc6?11'1drpm%gc’rsig\%ll1 Fl(rll?lldn the first

26. A projection exposure apparatus according to Claim 25, further comprising:

a first supply and recovery mechanism that supplies the first immersion liquid

and recovers the first immersion liquid.

27.  Aprojection exposure apparatus according to Claim 26, further comprising:

a temperature adjustment apparatus that adjusts a temperature of the first

immersion liquid.

28. A projection exposure apparatus according to Claim 27, wherein the first supply

and recovery mechanism includes a circulation system of the first immersion liquid.

29. A projection exposure apparatus according to Claim 26, further comprising:

a second supply and recovery mechanism that supplies the second immersion
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and recovery nmechani smincludes a circul ati on system
of the first imrersion liquid. 29. A projection
exposure apparatus according to Caim26, further
conprising: 25 a second supply and recovery mechani sm
that supplies the second inggrsion 33 |iquid and
liduBFoVer s t he second i mersion liquid. 30. A projection
E: JPeoVaisihg secord immmesian Higuido O ai m 29, conpri si ng:
a tenperature adjustnent apparatus that adjusts the
tenperature of the second 5 imersion liquid. 31. A
proj ection exposure apparatus according to C aim 30,
30whéreoinctiduexpenansbpathi Abcoralig th €SAMETY cﬁ@ﬁ@ﬂ S
includes a circul ation systemof the sécond I rirersion
[ i quh eempkBatare-a ' i i N hod t hat .yses a
R adfoiRt Sl AN Bt pg fHirseend

proj ection exposure a

imRlersifh licﬂn’i’d.

31.  Aprojection exposure apparatus according to Claim 30, wherein the second supply

and recovery mechanism includes a circulation system of the second immersion liquid.

32.  Adevice fabricating method that uses a projection exposure apparatus as recited in

Claim 19 or 20.




