|  DESCRI PTION LI QUID I MVERSI ON TYPE LENS SYSTEM PRQIECTI ON EXPOSURE
APPARATUS, AND DEVI CE FABRI CATI NG METHOD 5 Priority is clained on Japanese
Pat ent Application No. 2003-337087 (filed Septenber 29, 2003), the
contents of which are incorporated herein by reference. TECHN CAL FI ELD 10
The present invention relates to a |l ens system which is incorporated in a
proj ection exposure apparatus and the like, for transferring a mask pattern
onto a photosensitive substrate in BEPCRESHRDhi ¢ process in order to
fabricate devices, such as sem conductor devices, and nore particularly
relates to a liquid immersion type lens system a projection exposure
apparatus that incorporates the |lens system and a device 15 fabricating

met hod that uses.IQBEDIIMMERSIOMENTIONENE R PrEetk Hof ; arat us.
BACKGROUND ART Ul traviol et laser light, which has aﬂaégﬁﬁgzg@ﬁ3§ﬁ§?ter t han

visible light, is usedp@RANES EXRBIY: €1t RLp Jecti Xposur e
appar atuses for the purpose of 1ncreasingJ?ﬁgngéfgﬁgggﬁigep sol ution.
Proj ectipn exposure apparatuses of this type that have been commerci alized
i ncl ude one that uses the currently mainstream KrF exciner |aser, which
has a wavel engt h pt %48 nm gnd one that uses an ArF exciner |aser, which
has a wavel engt b 1™ &CIHMCd Of Japraiess Baientanpligaticn Nend903i36/A08m¢MHeatl has
been proposgd as a different nethod 25 that substantially shortens the
wavel engt h ofPERRET @R pddiin dhy parienty pwhich ne ilappoese Rreiblhexabiongd Pat ent
l'ication, First Publication No. 1110-303114, Japanese
App P
TECHNICAL FIELD
10 The present invention relates to a lens system, which is incorporated in a

projection exposure apparatus and the like, for transferring a mask pattern onto a

photosensitive substrate in a lithographic 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

15 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 light in projection exposure apparatuses for the purpose of increasing the
20 exposure resolution.  Projection exposure apparatuses of this type that have been

comnercialized 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 lquid immersion method has been proposed as a different method

25 that substantially shortens the wavelength of the exposure light (refer to J apanese



Unexam ned Patent Application, First Publication No. H 10-340846, Japanese
Unexam ned Patent Application, First Publication No. H 11-176727, PCT

I nternational Publication No. 99/49504, and the like). This nethod

i nproves the resolution and/or 5 the depth of focus by naking use of the
fact that, if aliquidis filled between a | ower surface of a projection

optical syst and waf er, then the wavel ength of the exposure light in
the Iiquid i[g{gf(?rﬁmte?rlr)@semt‘ﬁ%‘fhcéﬁo'ihﬁ‘”éi PulligheeeNon110-808 He, Fghnaet i ve | ndex

of the liquid, whichis 1.2 to 1.7). However, in a liquid i mersion type
exposure appdldtiged PrgreApRicatipodsisbPitilicytiorl Bot Had-38 @6 mpers&kon liquid
will erode the lens at the front of the projection |lens, thereby extrenely

reduci ng t h&/nekameined Petont Appnddn Firs! Pubdches NOI B 114703 pi-ayid i mrersi on
type exposure apparatus in which the NA of the projecti ’otld'?gllﬁ[gmlagyr?dér ge

and short w&ubliergh No. 99/49504i @dEthe i@t 5. t he exposure light, the
energy of the light itself is ext r ene y ! ﬁlléa;ﬁlgg%ﬁppﬁgs tglgﬁ%ﬁo ‘i}IOSfang'E’é l'i ght

i ncreases shrlRh A& C els 0se to the i e.formng 15 pl ane.
Consequent | y, dta er etf?dgqg)?‘g%%g&?goﬁcioﬁh%ﬁ%‘ttp?lhgnaﬁ?%lﬁé 15ﬁﬂl¢§%ewpeml@weq he hi gh

energy exp r i ght ncentrates, will erode in a conparatively short
peri od of tlgh?rglc g'? t%g‘ggﬁﬁ?ﬁg% RBY T8 AT eRda Wafes, hen theevayelspedtafdhe bansyrei . e. |

the liquid j rsion type exposure apparatus. In addition, there is also a
possi bi | i tyhmlf ﬁ‘icﬁﬁﬂl'diy lﬁﬁébﬂmﬁs thakof ingisi (Wheid ‘In” asitherrefricive 2Q01dkhg usidiage of
the | ens at @ge front of the projection lens that contacts the |iquid.

Here, it is% bl &bl @)t o protect the projection |lens by providing a

repl aceabl e par aPlfl el plane plate at the front of the projection |ens;
however, it is ditfdveyet, in 4 ighidrimmansiontpl eebdserd 4Pt RLORLLALe to the
parallel plane plate.if the NAis |ar grey,p V\:hllijh re uﬁatls?’ {E:eﬁeoﬁgﬁ%?%%@iiﬁy

f acdOr efthachd i ioh I | t [ d dati d t
; g r f i’i; ; er :n (; ; hﬂemlrl?fZI?hghQuWﬂ’{ dr6lie Bk DS 2PIRAYRRDHm: Tedictiondens, thereby o C - ©

extremely reducing the life of the apparatus.  In other words, in a liquid immersion type
¢Xposure apparatus in which the NA of the projection lens is large and short wavelength
ultraviolet light is used as the exposure light, the energy of the light itself is extremely
high, and the density of the light increases sharply at locations close to the image forming

15 plane. Consequently, there is a possibility that the front lens, in which the high energy
exposure light 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

20 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 {ilm 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

25 flare and the like.



Therefore, it is an object of the present invention to provide a high
performance liquid i mersion type | ens systemthat can be used stably for a
| ong period of time, a projection exposure apparatus provided therewth,
and a device fabricating nethod that uses the projection exposure
apparatus. 5 DI SCLOSURE, OF | NVENTION To sgol ve the abovenenti oned probl ens,
aliquid innersiogjtgge | ens system according to the first invention

i ncludes: (a) an OPEICEYF: i§ pavaibiasaphthb pdyenttiatentias t@proviRtl itgh psashage at
one end along its optical axis and that is in a state wherein the optical
10 surface ditdistmersoniypstleismysiesi that dah Guingkd {tdBly orla 19RS pdS RN NY
menber that has two surfaces, one on each end along the optical axis, is
di sposed oppogidipnteRposmpt dppatatsiirh aged Rfeu: eal naj dy, one
of the two surfaces. conté%?idgqihe firstm%ﬂﬁgﬁg%g%@lﬁ?%ﬁ%%gbfﬂgn%fﬁﬁg of

the two surfasabe @ ﬁ@ﬁkﬂﬂm%e%ﬁ?ﬂgg.innersion liquid; and (c) a holding
menber that detachably supports e ?ight transmtting nenber so that the

one 15 sgirface opposes the optical surface of the optical system nain body.
According to the abovenentioned liquid imersion type |l ens system the

light transmtting nenber isdg{s osed opposing the optical surface of the
optical systemmain body, an YRE GIhBVYENIEAN system nain body is

di sposed spaced art fromthe target, such as the workpiece
(phot osensi tive stb¥tYaihepbovemestions mbklpmsedliqrid thieaea0Rge R k Y8y i on
liquid side, through the light transmtting nmenber. Thereby, it 1s possible

to avoid dRftaEEna e thhBrsoptvenin iayistenayanbpaes st (A bbd Oy Al AOUON
there is a possibility that the light transmtting nenber ‘w f e damaged

by the secordichinmefasd @rvneleh@ oty a8 dplidle 2607248 l[}ﬁ? % dﬁ %%?a‘?s%gr%gl' t:h? gi[%l{ica? r that

inpuri;ies in the second i Mmersion "|iquid w 'l adhere to _
vt em can'Be e nt s nedxe HRR RIS L AR B '
surfaces, one on cach 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 liquid; and (c)a
holding member that detachably supports the light transmitting member so that the one
15 surface opposes the optical surface of the optical system main body.

According to the abovementioned liquid immersion 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

20 immersion liquid side, through the light transmitting member. Thereby, it is possibie 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 hiquid

25 immersion type lens system can be maintained over the long term by replacing the light



4 transmtting nmenber with a new one. In addition, in the abovenentioned
liquid imersion type lens system the first imersion liquid is isolated
fromthe second imrersion liquid. Thereby, it is possible to prevent the
probl emof mxing the inpurities and the like in the second i mersion 5
liquid into the first imrersion liquid. If addition, in the abovenentioned
liquid imersion type |lens system the first imersion liquid is reserved
i nsi de a cl JeBYRLYEEemberavitcundepance of which is closed, and the second
immersion liquid exists in an open space, a circunference of which is

open. In this cas# addieonopethnebs cofentibeedsleponinhBRRLIY R chd Gdicth, o fRe si de
of the target, 10 such as the workpi ece, increases work efficiency.

Meanwhi | e, theefiasiquidizgsgitan rbindti Gecohd i idiBidaR! yri LQm the
second i mrersi on Ii&Lid by reserving in algﬁ%gggﬁi{g%e.r*%aéggﬁgP%ﬁ$ﬁ}n t he
abovenent i onegleldfl tiethrbBBRFhARNL ¥RE] : my.,the, amount. of the first

i mer si on I??ﬁ}d regg?Jﬂgﬁfﬁn?ﬁghgﬁbgggﬂifggéi?@16?&5#@?“?“‘H“?W%?mﬁ5

amount of th iggﬁg}ﬁ%%@{ﬁ{ﬁ&ggﬂh%i d existing in the open space. In this
i

case, the anbunt o e secon rsion liquid is conparatively small

whi ch shortens tﬂg time needed to fill or renove the second i mmersion
liquid between t & 3fifangnithehoyemanignsd lianighimnsysipe mparchstsyetetatigdirst such
as the workpiece, and further inproves processing throughput. 20 In

addi ti on, PH“PW§°§@69@ﬁ§ﬁﬁﬂﬁﬁédmkhquﬂdwﬂmpmmsadManhﬁmbeﬁﬁwﬁﬁﬁﬁﬁabmhbe
light transmitting nenber is parallel plane plate shaped. In this case,
the di spl acéwhe sewbnd emersioghiquid @nssrid 4d @ wpadees chasmbidbs 6 LIRAGL ON

i magi ng, and therefore the alignment accuracy of the light transmtting
menber "t endpenot It thishAcOMR cpeRR@BloeMe RBSh AENOLK ligﬁ?;crifa dnﬁﬂthg[éﬁil«\ér?gfthert%}?g'eﬁc' ng
| [ ’

~the light transmtting nmenber can be increased whil
10 such as the workpiece, increases work efficiency. Meanwhile, the first immersion liquid
is more reliably isolated from the second immersion liquid by reserving in a closed
space.
In addition, in the abovementioned liquid immersion type lens system, the
amount of the first immersion liquid reserved in the closed space is greater than the
15 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.

20 [n 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 member has little impact on imaging, and therefore the alignment
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

25 image forming performance.



25 image form ng performance. 5 1In addition, the abovenentioned |iquid

i mrersion type lens systemfurther includes a supply and recovery nechani sm
that supplies the second imrersion liquid so that the second i mrersion
liquid contacts the other of the two surfaces, and recovers the second
imersion |iquid, which contacts the othes surface. In this case, it is
possible to 5 intﬁrni%tently or continuously replace the second i mersion
liquid by supplyiig2ddiion.tbcaharemantioned gtk immagpn opeilatsayitimi fagherl n
addition, the abovenentioned liquid inmersion type | ens system further

i ncl udes a dneladesarsupplymed hemivemdvannisinnbatlsapsies alic Jeeastinh@sioh el &i st
inmrersion liquid between the optical system main body and the |ight

t ransmi t t i nghatehdbexondindnitbien sigandnk@is (RIBHLSI HMhd i\ﬁf%}tﬁlfacw LGh r{cﬁ%r?%es the
n e

ot her surface of the light transmtting nenber. | I's case,
circul ati on seeeQAMNEMIGANGIIE &SR cS gt TR, Al hdeaui dowhi Le uni form zi ng
t he conposition and terrpg? ature of 1 égl mré[?éég‘glrgéiﬁei qul prs (idﬁe’étd’dipf’i’séﬁ]? 9n

t he abovenent,i i quid..i sian type |lens system the circulation
mechani s?n i E@Fﬁﬁggmg, d?rl%lr0 g&ulu{(;&:ﬁrgf JF@F%BO% §‘§fé’flgﬁﬁ’f‘%ﬁ?ﬂ‘)‘blﬁqlﬁ‘ﬂlpéﬁ‘é}%’filﬁé apdrst 15
i mrersion |iguid. anJg second circul ation systemthat circul ates the
second i mersion 45 §ird® PPROPHAE 88, it is possible to independently
circulate, by separate circulation systens, each imersion liquid while
remai ni ng i sol at el addifioggietabeyemartionebbyw dentriconectypé bk Sy kBl Hiepn type
| ens system further includes a tenperature adjustnment apparatus that

adj usts a t iwpelean gireulgfonatedheaish thvaieliatedQt 1 dnk oS iheatitk 58595, I XNESr Si on
liquids. In this case, it is possible to prevent the accel eration of damage

caused by heetbicagthcapdéDtyghiamaah 85d5iddcthl Mgt HakhaNge ARG HER anl SIPELAL P e
changes in, for exanple, the |ight transnltglng nenge$ ané’?he ?%?lca
syst em rai Nind@6¥ion liquid, which contacts the other surface of the light transmitting member, In
this case, the circulation mechanism can refresh the immersion liquid while uniformizing
the composition and temperature of the immersion liquid.
In addition, in the abovementioned liquid immersion type lens system, the
circulation mechanism includes a first circulation system that circulates the first
15 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
20 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

25 and second immersion liquids are both deionized water, In this case, there is little



In addition, in the abovenentioned |liquid imersion type |l ens system the
first 25 and second imersion |liquids are both deionized water. In this
case, there is little 6 danmge to the light transmtting nenber, the
optical system main body, and the |ike, and the handling characteristics
of deionized water as an inmersion liquid;are excellent. Furthernore, the
wat er has a cleaning effect, which can prevent contam nation of the Iliquid
i mrer si on t@p@ﬁ%ewsl@kgﬂéwnmnmuqﬂdembanﬂwkmmcMayﬁmnhﬁanex@ﬁhh¢nhlmﬁzmd
environmental 5 performance, which sinplifies the processing equi pnent as

vel | as t he tipdsihpigcassicngisofs ofWREinezcaRehid ahiikerdidh ﬁ(ﬂﬂél bieQRcellee.t he
abovenentioned liquid imersion type lens system the light transmtting

menber i s madah@motd, URrWite: has cw’ah%gcefi‘%@t ik G frf, P&dn?aln&h{l‘%&ﬂﬁ the

Sle
refractive index between the l'i ght ransnlttln ng

i mrersion | i h reduces refJectlo at t he
|'i ght trans?nae'gli'fj ﬁwﬁﬁ%rﬁ%%:}é@ )(SI% ’n!II)1 gg%oiﬂ '1hﬁ(¥’ ak Ih%?’chﬁelﬁFBYlé‘brt‘?‘?)’éa nenber,
i.e., t trans tt| Elme er, becones damaged, it should be

repl ace ‘Hmafl?eoﬁv iqhysimRiiey %*f?éﬁ&%%&inmf@uFﬂwrﬂﬁrﬁ*;e%.p@ﬁtws@mae@fs
system an optlcal el ement that constitutes the optical surface of the
opti cal syst"’éﬁ?ﬁﬁ‘i‘weﬂﬂfﬁy is made of 15 synthetic quartz. In this case, the
optical elenment of the optical systemnmain body is nade of synthetic

quartz, and it i sintddditishpnehpasstikeatidmedigdidcienthdisiod dyprdenstYstehetiriigheal
el ement on the main body side due to the first inmrersion liquid. In

addi tion, inatshettiaboveimntd @aRbdudid TIHTRE §és@nmwr{§,r&%§u§rxﬁéfr&mcnwe
light transmtting nenber is nmade of quorlte and the optical elenent

that constifndbeserliisn &0 llﬁﬁﬁﬂreﬁ@}nltﬁi‘lg er t {glo tﬂ&td ligy ﬁit,ll?lﬂhgg Waper y is

made of synthetic quartz.” Accordin venen oned s on

type |eng S%%In%g] whidf rédu treﬂ&gtl?)ﬁzlﬂffegig@lg{raqsm}ﬁmgln%ent}llf;el'rlor burt err%gge, leI the

t her ef ore possi to redice re

fluorite protective member, i.e., the light transmitting member, becomes damaged, it
should be replaced.

In addition, in the abovementioned liquid immersion type lens system, an optical

element that constitutes the optical surface of the optical system main body is made of

15 synthetic quartz. In this case, the optical element of the optical system main body is
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

20 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 member, to prevent degradation of the image forming
characteristics due to stray light, and to reduce the burden of the work of aligning the

25 light transmitting member.  In addition, because the optical element of the optical



repl aceable light transmtting nenber, to prevent degradation of the inmage
formng characteristics due to stray light, and to reduce the burden of
the work of aligning the 25 light transmtting nmenber. In addition, because
the optical elenent of the optical 7 systemmin body is synthetic quartz,
it is possible to reduce danage to the opyical elenent on the main body
side due to the fitsg imrersion liquid. In addition, a projection exposure
appar at us of Vt'i¥ PHBSRMY 1SiskHybalG ererizsitanpossibleapatdise habgdisaRe apiiapj €ct i on
optical systemto projection expose a pattern inage onto 5 a substrate,

i ncl udi ng a SIS 6 therrezis ibody sifipdud ende $iys ifMersaaL@qding to the

abovenenti oned i nventions, that forns the pattern i mage on the substrate.

The abovenenti oneth pddojies & iparjc@XPRSHb S RRAFALUS tHégl.%sénl?%\Je.hﬁ%“nl ainm’rer o

type lens system which is discussed above, as a projection S 'system for
form ng theappahtiethat L84 Sr@Betdol®pEil which enables |iquid imrersion
type exposure and 10 irrpr?\r/(gs ther e%%&%%g%pg)ﬁ%ﬁlgp CERECABIRTIMaLB e, | n
this case, hlub$raROSS] 1 oid damage to the optical system main body
of the liquid i rﬁ%@?{;ﬁkr@y&p@qtﬁégg%%%ﬁw@s Pt ecorymito theansmit ti ng
menber, and mai nt ai.n t he performance of a projection exposure

appar atus, f %&\%ﬁ}e%m}eﬁémfeinﬂﬁg%ﬁﬁ‘nfﬁﬁ‘@it%P%iﬂw@@h@é@ﬂéﬂamb@dateover a | ong
time period. In dition, the projection exposure apparatus of the present
invention is a 15 fﬂf’r%ﬂoé%‘fl?f&wné&pUEWI@Il&]&pfwueeta@atahmtus%&S lauil ighRGhiben
optical systemto projection expose a pattern inmge onto a substrate,

wher ei n t helYpe jneeysion, wipth cadissysdabbvd)es 8 pfojbdphUbRSy B foPﬂ}rJn%fé heystem
mai n body that has an optical surface at one end along'its optical” axis and

that is in patstreihegabatied subkhae OPibe habhd i ALE GO] A LLLSE ) mrer si on
liquid; and a light transmtting nenber tﬁat iﬁﬁgé}gﬁggéqc\%ﬂ(pgmréﬁ% S, one on

i S R U A,
the two surd-aces (CARLAGLA s}sﬁ'&nfrrllz{u? Eoéy”é”ﬁﬁg 1i81511d|irin%1%irgén %gg lc;[nr.;es.ysottcI?ledrue(t)(;c the
the light transmitting member, and to maintain the performance of a projection exposure
apparatus, to which the liquid immersion method is adapted, over a long time period.
In addition, the projection exposure apparatus of the present invention is a
15 projection exposure apparatus that uses a projection optical system to projection expose a
pattern image onto a substrate, wherein the projection optical system thereof includes: an
optical system main body 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
20 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 lquid, and the other of the
two surfaces contacts a second immersion liquid.
According to the projection exposure apparatus of the present invention, the
optical path between the projection optical system and the light transmitting member is

25 filled with the first immersion liquid, and it is therefore possible to make the light



two surfaces contacts a second imersion liquid. According to the

proj ection exposure apparatus of the present invention, the optical path
bet ween the projection optical systemand the light transmtting nmenber is
25 filled with the first imersion liquid, and it is therefore possible to
make the light 8 transmtting nenber an ®ptical elenment that has no, or
extremely little, .refractive power. In addition, a device fabricating

met hod of t HEUPFPELRGMCAYER aRosal aesent Heat haboy emextérodp duf aifect vopower.
exposure apparatus to fabricate high performance devices. 5 BRIEF

DESCRI PTI ON OF THE! DREWMNGEe AL Sfabtichingamsibhé phthe prékeackvdiiognam el a

proj ecti on exposure apparatus according to one enbodi nent of the present

I nvention. PRb@&enRniignaprejot@orgeovireWira@s {@Fﬁ’@ficﬁ@f‘i’igﬂg@ffb%n% d@ildsgui d

i mrersion type lens systemthat is incorporated in tthe projection exposure
apparatus depicted in FIG 1. 10 FIG 3 is a flow chart that depicts one
exanpl e of a process of fabricating a sem conductor device. BEST MODE FOR

oroj ect i on exposur e appar Stk DS SR GRS oPRedNT Ui a Thmersion
type |l ens systen1€%%?ndiQ@gto.tggwgresent invention. FIG | is a schematic

bl ock di agram of Bt B CETRBR GigFan app BToAROESN 6RPAskEs apprisBNt

enbodinent; in FIG 1, a pattern provided to a reticle Ris illum nated by
an exposur &PiYeg lomne egpodinens At thstpsesofit invdntiawi ol et pul sed 1ight (193 nm
wavel ength) 20 emtted froman illum nation optical system| that includes

an ArF excinmer | d86x2is ghmlargaliviee e lancexndqSktich d,ﬂegmtlié%&h@x%ion%'p@leﬁé cal
i nt egrator (honogenizer), a field stop, a condenser lens, and the |iKke.
The patt er sysfent thet i tcoglogatBi irSthe pet)edtioARx PEREHPRA LI LQieBRted in FIG. 1.

10 FIG. 3 is a flow chart that depicts one example of a process of fabricating a

semiconductor device.

BEST MODE FOR CARRYING OUT THE INVENTION
The following explains a step and repeat system projection exposure apparatus,
15 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)

20 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

25 wafer W that is the work piece) at a prescribed projection magnification  (f is, for



exposure area on the wafer W which is coated with a photoresist, through a
projection optical systemPL that is telecentric on both sides (or on one
side only, i.e., the side of the 25 wafer Wthat is the work piece) at a
prescri bed projection magnification (3 ((3 is, for 9 exanple, 1/4, 1/5).
In the follow ng explanation, the Z axis bs parallel to the optical axis

AX of the prgj i ical K system PL, the Y axis is perpendicular to the
paper surf ac%a&gtcl’ %G?Bﬁ‘ \f\lli‘@'tth‘f jry??ié?wb‘l'ﬁé?f@[%@lﬂ%ﬂhﬁ Zakians poalidleo teaptisal aand

the X axis i@xp?ral lel to the paper surface of FIG 1. 5 The reticle Ris
held on a réti¢ g‘e?ﬁ%Jﬁ@‘%S’P_,"C%lﬁdStﬁmn@gh@h’slmsiispérp@mﬁmirab@@ pdoBEL TR, t hat
finely m)vesfﬁ?he reticle Rin the X direction, the Y direction, and t?’ue

rotational &fF&étli whis pkactpeeendiculdr tase v, ahd BFOIBLEE: (79 A
nmeasures the two dinensional position and the rotati onIaFS %ng?eé?"%m%%

reticle stagefR8DfiFbGrieal tine, and a main control system 14 positions the
reticle R based on these neasured values. 10 Meanwhile, the wafer Wis held

o, 2.7, siage O WmhehuRnl kokit e 00 AP LD (REL On L (e 2

direction) and the inclination angles o

(not shown) thelddi@ 114t § is.fixed. an an XY stage 10, which noves along
the XY pl ane subst an{l‘?gﬁosleépglpar?tfc § Riig tft@ﬂ’é dirgehipn, freahdirestionhandghej ect i on

optical sy L,.and is.nmounted on the base 11. The Z stage 9 controls
t he focus p%g%ﬁﬁ"@nd’%g?rb%‘?aﬁﬁﬁﬁisi nAtlger mitetifereaeico ot alnelvit) heedstiek tRatkioon

angl es of the wafer W, and aligns the wupper surface thereof with the inage
pl ane of t dglrotgysnad amtls diythel it staR 1Bt m an
| f t HeTPIPRE PPEHOBP] Bakotayena m@ls athusdinf staR @Yt 6f QEUSHS %Sl §M and

an auto leveling system additionally, the XY stage 10positions the wafer

Win the XBtpgeniesysiag ldhmsitiods teati@aR lﬁs&@&?ihe&é%@ﬁsfufgd MRlgr 13
measures the two dinensional position and the rotational anglés of the Z

oadd on tnooe Meacur anont AT sRId DR DA AIRNARL BRI | o e
mai n- cont r @osisips (EoHtbA ih the, WRE RIS LA SLIVELSY z?r;[g?eT of the wafer W, via a
wafer holder (not shown). The 7 stage 9 is fixed on an XY stage 10, which moves
along the XY plane substantially parallel to the image plane of the projection optical
system PL and is mounted on the base 11. The 7 stage 9 controls the focus position
15 (position in the Z direction) and the inclination angles of the wafer W, and aligns the
upper surface thereof with the image plane of the projection optical system PL by using
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
20 time as the posttion 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 7,
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 sucecessively

25  movedbya stepping motion to the exposure position and exposed with a pattern image



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 wafer Wis successively 25 noved by a stepping
notion to the exposure position and expoggd with a pattern image 10 of the
reticle R Fl'gf 2.1 s a side cross sectional viewthat explains the
structure off&9EUdF Rend part of the projection optical systemPL. The
projection optical systemPL is a liquid imersion type lens systemand is

capabl e of subst afitG alik g sklherdsenidtignilhece MROSMISinS @Mk Suaye! 1s0gt %]xl
enhanci ng the resolution, as well as substantially increasing the depth of

focus. Furt hertwbthe préjbaiopropiiedtsy @Bmant i cale YRESI (PdTiCWS[Qr% A s Hiaid

refraction-type, reflective-type, or catadioptric-type’syste

i er changi ng. port1 o 40, Tra el ERT: OBy Gy Pl s & atern

i nterchangi ng portion 40. "The nmain

mai n body  JQvdihak, i es,a plurality of optical elenents inside a |lens
barrel 31, and o eh’gp ﬁgtir}%g@eth%rpc{?’?fél'&f)“’eqsé'ﬁ‘gmssg}‘b?t?@{a}1Yt1¢fée£t§plgiib@ﬂemhefrent 33,
is fixed tofoacuéo er.end of the lens barrel 31 .and externally exposed. The
i nt er changi 1°g" por 1 YHTAYS: 1&e proicstipn epbien! isystern P imay be plednetiopaipa) | el pl at e
42 to an annul ar hol der 41, which is a holding nmenber, and is attachable /

det achabl e SR 'EH CdERR Ot catadippieicrmpasybedy portion 30. In other words, an
annul ar female 15 screw 31 a is fornmed at the tip of the |ower part of the

| ens barrel 31 ofThehreojretion dpoidyl sypeiit PIOhcRes Mhad bty or i w4l ais
formed at the upper part of the holder 41, and at he P{g{"éér %)15{(?;% be fixed

by screwi ngnietchiogitpgodtionen. emde Bfaid By 80 P3 fs{%hgpﬁéar{ssysggr?l\,}gig?ﬁg%yt "

hol der 41 can be detached fromthe | ower en

unscr ewdng thit.in@fdks Gy Re: i th _another hol der (pot shown) that
has the same 20 st rsug}fjre.yqﬁﬁptﬁ%g%%oﬁgg?b IPREC A &P prald Tn add anceofrthescar

aperture A%p%al%lc'xr%%[ i Paft otpﬁc?eh %Pefrﬂent 33, is fixed to a lower end of the lens barrel 31
-and externally exposed. The interchanging portion 40 is constituted by holding a plane
parallel plate 42 to an annular holder 41, which is a holding member, and is attachable /
detachable with respect to the main body portion 30.  In other words, an annular female

15 screw 3lais formed at the tip of the lower part of the lens barrel 31 of the main body
portion 30, an annular male screw 41a is formed at the upper part of the holder 41, and
the holder 41 can be fixed by screwing it to the lower end of the lens barrel 31,
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
20 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 41¢, 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

25 holder41. Thereby, the plane parallel plate 42 is fixed so that only a prescribed amount



the | ower surface of the outer circunferential part of the plane parallel
plate 42 is supported by an annular latching part 41 c, which is provided
at the circunference of the aperture AP, and the upper surface of the
outer circunferential part of the plane parallel plate 42 is supported by
an annul ar fastening nenber 41d, which igjprovided to the 25 hol der 41.
Thereby, the plane parallel plate 42 is fixed so that only a prescribed
amount 11 tspdarotpdss fiomebe bottom sidadeatftionhddgfiace of the holder 41. In a
state wherein the holder 41 is fixed by screwing it into the | ower end of
the |ens barrel Biastam vitreesn SicGiddr auiigs Lbink Sointhi : -a first
imrersion liquid ILI, is fornmed between %ﬁg@{]%ﬂdvgpégfn%hgh@g?éﬁéf@grreI
31. This i meesdhen 1 Gyikn ' ehieh forns @ substantially

cl osed space that has a diggkﬁﬁgge e%ﬁkﬁ%&?bbﬁghgﬁﬁ3§#§§§85mﬁ@PREQHman

ener gent si JON ) t ti.cal elenent 33 and an.

i nci dent si ggl’? féﬁr&%ﬁé%é@%ggg& ?Lgn{ﬁ'ﬁﬁé’sﬁé‘pﬁ‘ flel Hinwamersiongiguicher nor e,
a second i{:gg%rv ir§¢ lh@h"fd‘ IL2 {s held by its surface tension between the
pl ane paral I8 "plfare™ 4™ IR aHesigritadly oysed sprse Hhad bessdide shapedtmspumor ds,
the second jmrersion liquid IL2 is 10 held in an open space. One or nore
pairs, each'apesed g%‘l‘l‘?@i‘ AY eARCHent sydr gptivelzairbcs 13 asithaostital Elemen0ZZHR! arb2,
are fornmed in the imersion liquid reservoir IC, which reserves the first

i mrer si on  PPgenicsida flat sedadei@h of teyplateeparalicliplaleys 20 DIRshBSiort hesehb gt
imersion liquid ILlI is supplied to the inmmersion liquid reservoir |1C, and

t her eby t heingpasien Gitjuidie2 ¢phdl€ 8Y ithabiacelteddf, %ﬁv@éﬁgﬁﬁgfaﬁe g@ghél nogz?tt ysen the
nt arfd"t

energent side optical surface 33a of the optical ele hé

i ncident sifhd th f . | l1el .plate 4 filled
W ih the Tirst mmereron aag | (O EORRAs B Rl Sobfoffdf e 1 L1 rn

the i mygrsiRy iniﬁlﬂ-pgn gIISa%ervoi r 1C can be gradually replaced. In other
words, one or nore'delivery nozzles 51, which deliver a prescribed flow

vol ume of the fi sl i_mrer si.on Iicbui,d It.. 1, are forned at
e or more pairs, each pair including a delivery nozzle 51 and a suction nozzle

52, are formed in the immersion liquid reservoir IC, which reserves the first immersion
liquid IL1, so that they are mutually opposing; the first immersion liquid IL1 is supplied
to the immersion liquid reservoir IC; and thereby the space of the optical path of the
15 exposure light between the emergent side optical surface 33a of the optical element 33
and the incident side flat surface 42a of the plane parallel 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 IL.1, are formed at
20 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 L1, 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

25 size of the immersion liquid reservoir IC, the flow speed of the first immersion liquid IL.1,



20 an appropriate |location on the side surface of the |ower part of the

| ens barrel 31, and one or nore suction nozzles 52, which discharge the
first imersion liquid ILI, are formed at an appropriate |ocation on the
side surface of the holder 41. The nunber and arrangenent of the delivery
nozzl es 51 and the suction nozzles 52 can2be suitably nodified in
accordance \@f’lt(bl]#{h? usal%e conditions of the projection optical system PL,
the 25 size 0f THE FHRERYSAL e dustdmmesdon byuid [IQ, abiehd lilaw speed of t he
first imersion ljiquid ILI, 12 the control tenperature of the first

i mersion 1iquid Fitheraage, & Helivark eozArus biwiioh ehe th Sd s WBF Yu N7 ﬁi'sﬁ' of
which the tip part is narrow, and a pair of suction nozzles 54a, 54b of

whi ch the tFyrtivampezlen Banbbeof eliieh dicspased apshidal Iy dgpgﬁﬁinglgtlli@; ?@ggﬂ%pl i ed

circunference of the holder 41, the second inmersion [1qui

to the 5 opatthspiacenfefiate biShé RHIGEPPS GGk Q@%ﬁﬁgﬁnﬁg}ﬁg ﬂﬁ{yﬁﬁi}é éss %?P%{i%%? or W

surface 42b of the plane parallel plate

the space obpdnh@a@RhiiGalnid he . exposure |jght between the energent
side flat su;?fa?e 42b of tﬁ‘geé‘l’gfggtr%%&‘r‘sji”le@e“‘pﬁ“é‘i %gﬁgrfa%f@btﬁéh%nﬂlﬁiﬁface of
the wafer Wg fid ] with the second imrersion liquid IL2, the second
i mer si on Wqﬁ%gﬁlt_ezﬁczgﬁq%s?@ﬁﬁ@ therwaian Whihe sprse ! dpaamsicalarch vfige eby t he
10 second i 7 rsi‘g Iiageid IL2 held in this open space can gradually be
subst i t ut ed”EPUY g]?tep@ e ffecpeiattsideritit aerfan gabeftheqflachrdrl pMerap nozzl e
53 and the syction nozzles 54a, 54b can be suitably nodified in accordance
with the ustgdhcarare plthe wofertean pe fjled vith theoRtd By SR MqBle (1 bN@eSPaci ng

3

bet ween t he plm%r}e parall el plate 42 and the 15 wafer W the novenent of the
waf er Wt lecdndomnepsedligfid The capsoRhoy BITBESIHBR obb g6 LLhe,control
tenperature of the second imersion liquid 1L2, Ognld%ahg’ a,n:d%éffrglﬁe%‘ﬁuse t he

opti callOel seentl idtheedst Rl ILNRe1l i 86 gIRERLQD, LIguig JLL, the material
of the optical elenent l?g‘trmst have cgoérosp%ﬁ%% fagfl%%c ¢ ystiiedrary st
i mrer si on replaced.

The number and arrangement of the delivery nozzle 53 and the suction nozzles
54a, 54b can be suitably modified in accordance with the usage conditions of the
projection optical system PL, the spacing between the plane paralle! plate 42 and the

15 wafer W, the movement of the wafer W, the flow speed of the second immersion liquid
IL2, the control temperature of the second immersion liquid I1.2, and the like.

Because the optical element 33 contacts the first immersion hquid IL1, the
material of the optical element 33 must have corrosion resistance {o the first immersion
liquid IL1 in order to extend the life of the main body portion 30. Accordingly, instead

20 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
transmitiing material that is less soluble in water than Cal", crystal material.

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

25 can also be deposited on the bulk material if needed.  Thereby, the optical element 33



liquid IL 1 in order to extend the life of the main body portion 30.
Accordingly, instead 20 of making the bulk material of the optical el enent
33 and the antireflection filmfrom for exanple, CaP2 crystal, which is
the traditional material, they are made of a light transmtting nmateri al
that is less soluble in water than CaF2 dfystal material. Specifically, the
opti cal eleqﬁﬂ% %g iﬁ ﬁade of a bulk material consisting of, for exanple,
synthetic quar t2 A8 PeHEPHBYRersign ligridilk bfilce dhd ok hiatariat ambihs hivig flodtion
magnesi um fl uyoride 25 can al so be deposited on the bulk material if

needed. ThefWBycsipkgrasis, and thelvetwnesiSMet 31 tehaiin Gody petisn Bheak be St
imrersion liquid ILI, i.e., the bulk material and the antirefiection film

resi sts ero#isrsedaterethe, tatienge %inﬁig&ib@ﬁﬁﬁﬁ&ﬁtl@hﬁﬁn%@? pQﬁfoBb@r}aﬁgecan
be increased; therefore, the inage form ng performance of "the main body

portion 30 oaintieed 418l M Aid3eld (BOHn g@l%ﬁmﬁggéijggmghpgof tﬂ%g%g%‘:?‘?)rgnfoﬁg?%ri ly

performance of the projection optical 5's m can

mai nt ai ned. s\MeANPD chiBhe LRCHRIH allel plate 42 is preferably nade of a
mat eri al that has hid% cofr5§@§ﬁ£?%§?%€ance because it contacts both the

first imersion lyQquid.11.1 and th econd imersion liquid IL2; however,
it does not need I;l[/lg a\}%e’ %’et??adﬁ p@@ﬁ?@?tﬁﬁz f?r%@fﬁ‘é%féhe?@d@@?@makpriaMt Bison
liquids 11,,.1, 1L2.because the plane parallel plate 42 is an 10 opti cal

el ement t hat 2 SOTRUY CHalRBesabscauss bty lasistiotlt the fhistlivherersidn lidgdar, Humglhg, | n
the present enpodi nent, instead of nmaking the bulk material and the |ike
of the pl an&COHmamerapn finaiddLashdwayer, é-dvas sotinbd tdialve AaSgRcdrR)sali vel y | ow
solubility in water, such as synthetic quartz, it is made of a |ight

transmittirigsisancerty abthtiaterbias liguidi ghr, $08 bRiabid te phine aﬂéir]:; 2 %29?5& ain
extent. However, because the exposure |ight concentrates a A 155"het eases

in |ight depsidlyeleent et pliaRehRaiablglomR! &t he, vi ci.nity. thereof,
it is preferable that the nat gr?gl al eofongﬁgihgtlhgﬁgﬁiggﬁgl I%?Coﬁ‘ihﬁglé(’ 'ﬁ’ig? S

resi Stant sk ASHbAMRACHLOR of fafind BLLAINmEXHS Ty (PEE! {1 £2LLY, the plane

parallel plate 42 is formed using a

parallel plate 42 from a.material that has a relatively low solubility in water, such as
synthetic quartz, it is made of a light transmitting material that has a hi gh solubility in
water (o a certain extent.  However, because the exposure light concentrates and
15 increases in light density at the plane parallel plate 42 and the vicinity thereof, it is
preferable that the material of the plane parallel plate 42 is resistant to laser compaction
to a certain extent.  Specificaily, the plane parallel plate 42 is formed using a bulk
material consisting of CaF; crystals or the like. I urthermore, if needed, the plane
parallel plate 42 is finished by depositing an antireflection film, which consists of
20 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
tmmersion liquid 111,
Furthermore, the holder 41 and the lower end part of the lens barrel 31, which

25 are for forming the container shaped immersion liquid reservoir IC, contact the first



material consisting of CaF2 crystals or the |ike. Furthernore, if needed,
the plane parallel plate 42 is finished by depositing an antireflection
film which consists of 20 magnesi um fluoride (MgF2), on the energent
surface of the bulk material. O course, an antireflection film nmade of,
for exanple, magnesiumfluoride (MF2) mag/ be provided on the incident
surface of the plane parallel plate 42 thqf contacts the first imrersion

liquid ILl. Fomeseotspe thed bieesfe 44 rand d part of the lens
barrel 31, which 25 are for forming the CSﬁ{g’f‘éﬁg‘\r‘A‘F@ﬁg‘%é&ql’MWSm li qui d

reservoir | Cressomtamtthé Aest fddstsiohdiquld gy skop. liquid LI and therefore are
made of a material that has a hlloéﬁlqglorro‘si ?)Ih{?lcPéegF%‘teé‘P’hf’é“fl@ftfﬂfémfimdst

i mer si on | i Guiefl(dukd : rgsent .enbodi nent, deionized water (pure
water) is used ea(sﬁut h‘ga%f}rlgs{ﬁ%fi%ﬁg}cgﬂﬁﬂm“i“?ﬁﬁf"ahﬂ@fi IL brigdttherefofothe hvkier fibl der

41 and the Egnqj\gﬁ nd rt of the lens barrel 31 are specifically formed by
fabricating a %{Ot%v éeﬁf:%ﬂ?aé'f? ¢ legp hipgl 34 erastpeeficaloy farmed bi Kebrichiing He

proj ecti Qn orﬁ)ti.cal system PL of the type discussed above, the image |ight,

whi ch transmi tHBE ARy.clgHetsiseeel, or el l&eR (refer to FIG 1) and i npi nged upon
t he upper end ofélt]r}e mai n body portion 30, converges and energes fromthe
optical element 33t tprovedsn dptciiRestbQWer oo 8t 4 .0 hody.portiqn 30,

and i npi nges upon the plane 10 paral |l el p(i ate)ﬁ2 isﬁgsggégﬁb({vﬁe&%i“gg%e fight,

i mrer si on | iveieldtradsniittediiRubRBgSAilig Rt dPaL RASses , Lhrough the plane
parallel plate 42 is inci de%tl upgrll lfg e(“\;,\fg‘?‘érﬁsvﬁﬁfl&iwﬂmtgﬁ Uit hadpper

i mer si on | ieAdibAthk kiangh rojected image. Returning to FIG 1, the
first imersion i quild I IY]ICM% gﬁ%%%&cé\ﬂ“&@‘@e?gﬁs fre the padenl clement 33 he

i mer si on | e d S seNYQLS . 1LCe bet ween the optical element 33 and the 15
pl ane par al Pel lpI a‘?gﬁié\,%ri Csndsoﬁﬁlﬁﬂl ‘P@B%BQY goftiog dP genslipplingeappa ticyganés, whi ch
i ncl udeg; a f t liquid, a pressure punp, and the like, through the
del i very nofz%ﬁfgelé)%te %J{:ﬁgo%h 1 first immersion liquid IL1.  The image light that passes

through the plane parallel plate 42 is incident upon the wafer W through the second

immersion liquid IT,2.and forms a projected image.

Returning to FIG. 1, the first imumersion liquid TL1, which is provided in the

space, i.c., the immersion liquid reservoir IC, between the optical element 33 and the

5 plane parallel plate 42, is supplied by a liquid supply apparatus 75, which includes 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

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,
20

cooled to a desired temperature by the temperature adjustment apparatus 76. Here, the
first immersion liquid IL1 is set to a lemperature, 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 L1 at a constant temperature, it is possible to stabilize

25  the image forming characteristics of the



wherein-the flow volunme is controlled. A tenperature adjustnent apparatus
76 is provided on the upstreamside of the liquid supply apparatus 75.
Nanely, the first imrersion liquid ILI, which is fed fromthe liquid
supply apparatus 75, is, for exanple, 20 cooled to a desired tenperature
by the tenperature adjustnent apparatus 76. Here, the first immersion
liquid ILI is set to a tenperature, for exanple, approximtely the sane as
that i nsi de PAOEHEREPH BTN A Lt hebiphisjtises ﬁ@:g;'étﬂp‘GWi%ien dppidribd ubeof t he
present enbodi ment is housed. Thus, by using the tenperature adjustnent
appar at us 76cmperatyes oftvdiieh islventiolicsitbyi therengicemudeiadjiistndnt hp@iratas tORSLBAKE
tenperature, it is possible to stabilize 25 the inage formng

char act eri stptsal efentche3 And e OlukiodtheqMiricGakal BY Sla@M Phvhid ark BhSed b the
first imersion liquid ILI, the tenperature of which is controlled by the
t enper at ur e egghsuad] LapRel at b Sint Lcad t : -t he
surface of thgiplaggmggialIg%tg%g§£¢ﬁ%gﬁﬂi?éﬂﬁ%Fgﬂﬁgg?g%E%§F%E§O§§§§£§Ere
light ELs a LEod refore possible to suppress the advance of the
corrosio% opqm%gyhéggggﬁﬁ%cal el ements. A supply pipe 25 extends fromthe
i quid supply apparatuys 75,,..connects t .he. lower end of the projection
opti cal systen1PL$SH Y eB¥mricEcade &om ﬁhﬂWéSPHW§@§P%HWSVﬁquHmﬁ% Goir IC
t hrough the delivery nozzle 51. Meanwhile, the suction nozzle 52, which
comuni cat e¥oWgread 9%@6 Praret snepticaeystemiild andsenmonicateCwithshd onmedicnn t he
vicinity of the lower end of the projection optical systemPL, and extends

to the tenpbaatuesenadGshrmegh tppdivatyusz716 SXi a a recovery pipe 26. The
delivery nozzle 51 and the suction nozzle 52 are disposed so that they

sandwi ch a | ower RRahvpdld teudlor REzRID] AHIdhABRRIHIGAs WS TR MnRlersib®r
exanple, in the X direction, and a fl.ow of the first imrersion liquid IL |

can be fr ”HQuiH'i'esE%ir'Ié, Q'ff)ﬁﬁéd Brlhé-%cf?ﬁ*t Rl LR QRE Rl pl%!ieec%gtopé%galand the
pl ane parallel plate 42, i.e., Iin the i rsion
system PL, and extends to the temperature adjustment apparatus 76 via a recovery pipe
26.  The delivery nozzle 51 and the suction nozzle 52 are disposed so that they
sandwich a lower end portion of the projection optical system PL, for example, in the X
direction, and a flow of the first immersion liquid L1 can be formed in the ~X direction
15 between the optical element 33 and the plane parallel plate 42, i.e., in the immersion
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
20 constitutes a first circulation system.

Furthermore, the temperature of the first immersion liquid 111 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

25  optical system PL can be maintained.



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 nechanism 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 circul ati on nechani whi ch 20 constitutes a first
circulation system Furthernore, the tenp@?gture of the first inmersion

liquid ILI does nolinaddi€i6RSE@d dr¥sel 8L 498 Lenmperature
approxi mately the sanme as thatﬂri Srf135|F eb{% 1391%6%(21%@%% ﬁ‘gg’ﬁé?‘i"@}?ﬁé?aéture

adj ust nent appahafE S : £ that .tenperature so that it is a
desired tenperature lzlistz%\Nﬁllg{(%h&‘tq%“?h&ggﬁfccgr‘?‘ﬁsﬁﬁcodéfeﬂd\yrfh%&@tl@ﬂ nphle 52, to

proj ection %é té?ﬁ%f?il‘&l?l‘lea Pr(lSt em PL can be maintained. 16 1In addition, in the
present enbodi nent, & Err e gt fRAasH6e kg a Idast sopet affiae firsetrumBsidolgyid r st

i mer si on Ii@gi d L1, which was recovered by the suction nozzle 52, to the
t enper at ur e 'adj EREALTOHphE sertion npezle Btmagtbeldersides,ond Ry gy Fig St
i mrer si o& liquid 1Ll recovered fromthe suction nozzle 52 may be

di scar ded, dfdnaidon liguidan! funy bt sipplivares G @nddr 4 _supplied to
the tenperature adjustnent apparatus 76. In I%’;ugldi te?dg%#&?ﬁg%f)garﬁrﬁ%?%'ure

adj ust ment appar afiusddion 82 @hsQaRe 4iSRAsSE the  downstream side of the
| iquid supply apparatus 75. | nﬁégddi t1on, ﬂ@ﬁgpﬁeﬁ%‘éﬁgfﬁ?\éﬂ(@lmawwtm the
appar at us 7@oaastrdahesiRUSMhang; f the liquid supply apparatus 75 do

Rl S gt

not necessarily need to be prov oj ection 10 exposure

apparatus, and atj rt thereof can be substituted by the facilities
in, for exanple, At%gﬁfﬁ’lrlg%‘?%mécf%u?ﬁ’éhLBF‘B?‘@@PH’%%“%%@@S@&@ reioearedt tosk b1 -

installed. Fhe, %ﬁfsondl | Mer si on liquid IL2, which is interposed between the
pl ane paral ['el" *pl APBYFPPUAYS h&owear racesprilysnesdippbé pavhigdao ticqibidesapp! v
appar at ys 71, which includes a tank of that liquid, a pressure punp, and
the like, tFRBAgH 2PrEteiand ar lpastepaitehddfent be btstituted by the facilities in, for

example, the plant where the projection exposure apparatus is installed.
The second immersion liquid IL2, which is interposed between the plane paralle]
plate 42 and the wafer W, is supplied by a liquid supply apparatus 71, which includes a
tank of that liquid, a pressure pump, and the like, through the delivery nozzle 53 onto the
15 wafer W in a state wherein the flow volume is controlled, and recovered by a liquid
fecovery apparatus 72, which includes a tank for the liquid, a suction pump, and the like,

from thesurface of thg wafer W through a prescribed suction nozzle and the like. A

temperature adjustment apparatus 73 is provided in the circulation passage from the

liquid recovery apparatus 72 to the liquid supply apparatus 71. Namely, the second
20 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 immersioﬁ liquid I1L2 is,
for example, cooled to a desired temperature by the temperature adjustment apparatus 73,
Here, the second immersion liquid IL2 is set to a temperature, for example,

approximately the same as that inside the chamber that houses the projection exposure

25 apparatus of the present embodiment. Thus, by using



15 wafer Wn a state wherein the flow volune is controlled, 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 wafer Wthrough a
prescri bed suction nozzle and the like. A tenperature adjustnment apparatus
73 is provided in the circulation passagg7romthe liquid recovery
apparatus 72 to the liquid supply apparatus 71. Nanely, the second 20
i ner si on | i Hicnpeiaure ghjusmans aresvet el rhaintahetht sepoind imeeosier ljqud il at us
72, is returned to the liquid supply apparatus 71 in a state wherein the
second i mrerasiopstantitepupetatute? iti is possfbde toexatiifiteghe angleefdrh@gahdasitAgds of the
tenperature by the tenperature adjustnent apparatus 73. Here, the second
i mrer si on | ipgejediohlaptical sgatmtrg.. @ AQAREHA, Wipokie *RAURPeSs hBRRYAXE JRLG! Y
the sane as that inside the chanber that houses the projection exposure 25
appar at us Oferds : Yol T , kng. 17. the. rature
PP b Wtﬁ@l?gltlc &[}Qﬂﬁ Rk bdAHS & XG&HEH 1rgrrnersxon lllciud%ﬁ{??ﬁtez at

adj ust nent apparatus 73 to nmal ntain the second | rmersion
constant cte e it i s possible to stabilize the i mage form ng

char act &7 s?‘?ﬁé&%‘j {et(ﬁew lmbhr]éjagkutgﬁ?’gﬁygt& {ieg'z?f”%‘%f“i’r?f‘tlﬂﬁnt PRI cARlS e j s
possible to sigpzﬁﬁgithe advance of the erosion of the plane parallel

plate 42 bel¥U&E Rigegige! lehmierest % mhishdahented by therpapssureliggddt ur e of
which is adjusted by the tenperature adjustnent apparatus 73, cools the
surface of the pl Ahedgienl tazlegi3atfevhich thatipghrtiis nirea,act tdns froe wx pigsidr e
light EL. The delivery nozzle 53 of which the tip part is narrow, extends
from the |i quipdy apgapphsy7lagpasapplg pitk Mi andveupplivn Rbges3ka, A LRCIPHEt i ON
nozzl es 54a, 54b of which the tip parts are wide, extend fromthe liquid
recovery apfippatitise tddd, bk@uE Mo the HAMRIYceRBapbArdds 7R i le 53
and the pair of suction nozzles 54a9 54b ar@gg%gaosed sol%ﬁgf&ﬁﬁﬁgggﬁg
sandwi ciy t hgz | oy 4y RRLLIESH iRl QLEGL Q1 QRtical, system PL in the X
direction, and a flow gf 'fhe sealgztl)}lwgr[%{ef(rgg&%n qq%@?éh?’ﬁ%bfén&%”?%%gﬁ%i n
e X e 1 el LD W RIS ARLARS AU REE) Bl Faict b, i 07 0VI ded to

a

direction, and a flow of the second immersion liquid IL.2 can be formed in the ~X
direction between the plane parallel plate 42, which is provided to the interchanging
portion 40, and the wafer W. Furthermore, although omitted from the drawing, a

15 delivery nozzle is formed between and parallel to the pair of suction nozzles 54a, 54b, a
pair of suction nozzles is formed so that one is on each side of the delivery nozzle 53 and
is parallel thereto, and the flow of the second immersion liquid IL2 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

20 rotating, by substantially 90°, the position of the first supply and delivery nozzle systemn,
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

25 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
drawi ng, a 15 delivery nozzle is forned between and parallel to the pair of
suction nozzles 54a, 54b, a pair of suction nozzles is formed so that one
is on each side of the delivery nozzle 53 and is parallel thereto, and the
flow of the second imersion liquid IL2 gan thereby be switched to the +X
direction. Furthernore, although omtted fromthe drawing, a second supply
and deIiver}mﬁﬁ?ﬁﬁ%w§$§ﬁéﬁﬁﬁ§1HW§6$9$6QWdéBZa§nbcﬁms&ﬂbmmmebﬂ&hnﬁﬁ by 20
rotating, by substantially 90, the position of the first supply and
del i very no##fedckpiatedand i wifei Wobsidethe dine segily bh@telinee) 86l0% &hendalheyer y
nozzl e 53, the suction nozzles 54a, 54b, and the |like, about the | ower end
portion of hdomriogestehamrepichca theWaf® W RhiheanNdditechibW thgfﬁn{e@;ﬁf §$&S%Féj

or the +Y difectrons

imersion liquid IL2 can thereby be fornmed in the -Y

bet ween t he apladnglapana A optlhélgéacofi gﬂ@gg‘é&r}ﬁwé filo Yy iiﬁnfpgr%?ﬁw\ﬁg{nd@hemen

performng a 25 step novenent of tinme
of exposireqde $hah i.nar. flow of the second i rsion liquid 11,2
can be formed %gt vve‘!élﬁjlztn%gz 6+(g{nﬂé’ Wag‘érrdgﬁqséqg ‘B sgegn Qupéﬁ)ﬂa‘i‘ gelivamarozgleusi ng
the first s | v .and.del.ivery.nozzl e system when performng a step
nmovement of Sﬁeé \/@ reforgaft iy p?%/fébq@(tooql}“’é& sty &l thevapact hetwstn hepdseraralleh

st abl e, Ianigar flow of the second imersion liquid IL2 can be forned

bet ween t heP$it%ad tharaler &Y withdiresh acoad dntmkssimaliqrid VIS | gththgors agend
supply and delivery nozzle system therefore, it is possible to always

stably fillaigenpaicadvptmeenof ihe dpliene npaal dndlthe Rlcabe ndZ1@NGE: thgovaf er W
with fresh second imersion liquid IL2. Furthernore, the arrangenent and

operation o, fohexatepleyRry Inenali@sl paslidahen R4CHWOR/0Fa! 85:.a% & Jlise! osed
in, for exanple, PCT International Public%tion No. nggﬁﬁ636§§&% ichis

Lo ehy 10, | st ot 0ROl B, USSR PR L
st at es) dE%gﬁ]%(ﬁQ &Yhé&%lgﬂglgé (setg%es ((i)rnetleevz:rtcia’]cf1 gtgtgg%lesi%gzgtgg Ly ?h%pplrgtsceg;[ on.

international patent application.

In the above discussion, the delivery nozzle 53, the suction nozzles 54a, 54b, the
liquid supply apparatus 71, the liquid recovery apparatus 72, and the temperature
15 adjustment apparatus 73 constitute at Jeast part of the supply and recovery mechanism,

and the delivery nozzle 53, the suction nozzles 54a, 54b, the liquid supply apparatus 71,

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



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 adjustnment apparatus 73 constitute at |east part of the
supply and recovery mechanism and the delivery nozzle 53, the suction
nozzl es 54a, 54b, the liquid supply apparl®& us 71, the liquid recovery
apparatus 72,. the tenperature adjustnent apparatus 73, the supply pipe 21
and the r ecg\%tggnf%%? f)egg’é‘;“‘&‘BFfﬁOiﬂt‘lS]flé%H{Qhéfhtﬁhrmﬁl ratdvoredripdhamicsion nobilehsda,
consti tut ests,gf) Iel?st part of a second circulation system 20 Furthernore,

t he t enper atiPedfe ERPCREE® Adustiment ariporatus Ty bdt 4t L2stes ¢Take sdagg@ssarily
need to be set to a tenperature approximately the same as that inside the
chanber, andmfiesiarehped 8t LirceoatjdiSoimend siRAPALBEAS 563, %ln&)pﬁé E8Lai&iRbing
tenperature so that it is a desired tenperature at which the 1'nage’tormng
per f or mance no¥, diéve prajddain@don DRHGA maintai ned. 25 In
addition, in the present enbodi rrglﬁlt f}ﬁg@%&%@#gﬁg%ﬁ?{?@%@ﬁa@@8CIUH§tH“Phat 19
returns 3 heageeangdsi mrersion liquid IL2, which was recovered by the suction
nozzl es 54a, 54b, to the tenperature adjustnent apparatus 73, but at | east
some of the Secogﬂadid réliegn liquid L2 recovered fromthe suction nozzles
54a, 54b may be di scarded c AAUPEHEE, adsERent sapEnys 7 eet dliohe tisgeted onltBe may
be suppli edd('go tthe tﬁ{épograture adj ustment 5 apparatus 73. In addition, the
t enper at ur e ad; UStHe R4 3uPpE anparas.be di sposed on the downstream
side of the liquid supply apparatus 71. In addition, the punps and tanks of
both the Iiquid SBpgfyioaphapanpsariianisittoen thkilquidbupeyApeanuAnRanatiys 72,
as well as lt' he tenperature adjustnent apparatus 73, do not 10 necessarily
need to be lprediegedery eppaiaupihjae olellon HRXPISHFLraR : I a
part thereof can be substituted by the.f agl?l iti esm?ﬁﬁwga}p@@nﬁ%ﬁg?@e
plant  viller exctémsarily Ojeed tol K provided to the projection exposure apparatus, and at least a part

thereof can be substituted by the facilities in, for example, the plant where the projection
exposure apparatus is installed.

In addition, if the temperatures of the first immersion liquid IL1 and the second
immersion liquid I1.2 are controlled so that they are the same, then a single temperature

15 adjustment apparatus may be used for controlling the temperatures of the first immersion
liquid IL1 and the second immersion liquid 112,

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

20 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

25 fabrication plants and the like, and it does not adversely affect the optical lenses, the



exposure apparatus is installed. In addition, if the tenperatures of the
first immersion liquid IL1 and the second immersion liquid IL2 are
controlled so that they are the sane, then a single tenperature 15

adj ust mrent apparatus may be used for controlling the tenperatures of the
first immersion liquid IL1 and the second imersion liquid IL2. The
fol |l owi ng expl ains a specific enbodi ment.2QA pi ano-convex | ens of the

optical el empRdtoRdisi & (FRAES ic guartz, and the plane parall el
plate 42 isnpmade of fl ug’rgfe? g’%?@ﬁ‘i“r‘m&bﬁaﬁr‘#%’ tippigprbwatendoashet plvanely

paral l el plajg i ; the spaci ng 20 between the optical elenent 33
and the plane %a;é?g]:eiigﬁlgﬁnnz%léthﬂ%a‘? teemaly loynepngens of jpamiritigs, dndicwealdo bbe pl ane

paral |l el pl atee4(]% ?nd tcgtﬁ wafer Wis 5 nm In addition, the inmage formng
side NA of tHePEEd] ¢ pciiendf dgasirenthPrusifee bf B wafdr. adGihb@ihet he first
and second 'mrerﬁ}iagngllqi quids I1L1, IL2 are deionized water (pure water).
Dei oni zed waR¥AUsCHbgreAnctathindexagel detonRdtwaer (ALQS) GHARLI el &@n, be
easily obtai ned at sem conductor 25 fabricat i(ongﬁ)l ant ggsg%%uﬂ?g C%P?(Sélfc and it

does not Sadvigght Ly wafcheas a tWaeclamkd S@Aéjé’:r%&gt%a’ ﬁdbenng,qa 8@%%8%@1&!?& f§|ll§??e

wafer W and the like. In addition, I zed wate

i npact the annivaoEBRA of ff&@?&rﬁgx@ﬁ&r @5@5}“&8{‘ g\évpélgc?ﬁeﬁghttﬁéwi@%}? g\réibjtéii &? i.@,ﬁg)d can

al so be expected to serve t uncti o

waf er. Furt hehiRle se the refractive index n of deionized water
(water) wit h%?espezg%lyﬁgg?iﬁléa ‘i ‘8’?@]?’&* IesQbHionman batckeiaveras Farthewedrengt h of
appr oxi mat elb}éca%ggﬂnr@ I S fzubst, antially 1.44, the 193 rimwavel ength of the
ArF exci mer ‘| aser 1i Sﬁtthq O HiCF @ Yo ptdyemaiatyen tiMedy.clhapprokingately 14

appr oxi matelti¥n 134 nm and thereby high resolution can be achieved.

Fur t her nor e, "M BeORSEd WEh Bapnftin ofr, the ousericut hpa&Rs obitie PRAEQIBPLELY N
., approximately 1.44 tines, conpared with that of in air, the

tinmes, <ii e
nuneri cHl apetanyPE cot be fethor piceasdddnicop refeMbld R & he further
increased if it is preferable to ensur eﬁa depth o]%é’;eg{:ﬂtfglhoc%ﬁ{aﬂgontﬂe

s . A
ame order as that when used in air, and the resolution improves from this standpoint as

well.

The energy density at the emergent side optical surface 33a of the optical
element 33 is 1.5% of the energy density at the emergent side flat surface 42b of the

15 plane parailel plate 42, and is 3% of the energy density at the incident side flat surface

42a of the plane parallel plate 42.  In other words, compared with the energy density at

“the position of the plane parallel plate 42, the energy density at the emergent side optical
surface 33a of the optical element 33 is two orders of magnitude smaller, and therefore
the erosion of the optical element 33 due to the first immersion liquid 111, laser

20 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 reflectance along the optical axis

with respect to the incident angle (60°) corresponding to their maximum NAs are 0.87%

25  and 0.32% (the average of the S polarized light and the P polarized light), respectively.



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 33a of the optical element 33 is 1.5% of the energy density at the
energent side flat surface 42b of the 15 plane parallel plate 42, and is
3% of the energy density at the incident 23ide flat surface 42a of the plane
paral l el plate 42. In other words, conpared with the energy density at the
position of [RRECHIAS. ibdicangls ofpheidenca 2f theHehengrodyhcdemsintry light Ehe @ner gent
side optical surface 33a of the optical element 33 is two orders of

magni t ude s oA llean, tharedlettanreeft diedntethediete@icaenofidé beiaPtiERL 38k 8REM. 33 due
to the first inmmersion liquid ILI, |aser 20 conpaction due to the exposure

light EL, affichaldmeerhérdsgidariar aifb@Y8 & &uatreman 188 J HNQ Esho, ggent
side optical surface 33a of the optical éfengnt 33 anéﬁg%EOAQﬁ%?gg% /;ide

flat surfacandaRr@bretbhenRhane v%?/g Hat &l noR %}8&5: 14%1%%5%?{%%&1%@%@%@%19”9 the

optical axis are 0.14% and 0.0 respective %/ €l ong
the optigal efs)ﬂk}ghi@@tdh respect to the incident angle (60) corresponding to

t hei r maxi num are 0.87% 25 and 0.32% (the average of the S polarized

light and the P pglaﬁjzed light), respectively. 21 In other words, if the
angl e of inci dencEoRUPHEE Gxglainsthg opsratidneoidhppriacton exnsuflappsralist o 60,
then the reflectance at the internedi ate energent side optical surface 33a
and the fi fAenictedqdrifént ard the lkeat Thatifed sugp apmarains X hiemelke lhesudualdi t 0
0.87%or 0.03 to 0.32% and therefore a reflectance value that is not

possi bl e wi trdamantidrgt fiex trhoprsidnl EAIT. D HcHERS al W AGH EYEG arThEs
foll owi ng explains the operation of the projection exposure apparatus

depi ct ed imiﬁuﬁtedlinalﬂ@inﬁrh&sﬂohKi%uidgﬁageﬁl/(i)igKiigfﬁ}‘é%&t%%}i?@bﬁ?g@%ﬁﬂd t he

li ke are actuated 1in advance, and the first rsion 17" which

raservorr I ot PETBRETIAE e 0SP0G0y U f Stk TB e Bect B i
system PL is positioned to an appropriate location with respect to the wafer W. At this
time, the liquid supply apparatus 71, the liquid recovery apparatus 72, and the like are
actuated, and the second immersion liquid IL2, which has a constant temperature, is
circulated between the wafer W and the plane parallel plate 42.  Meanwhile, the reticle

15 R, wherein the pattern is formed, is superimposingly and uniformly illuminated by the
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 15 sequentially

20 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

25 exposure light EL and the first immersion liquid ILY.  Furthermore, the performance of



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 recovery apparatus 72, and the Iiﬁg are actuated, and the second
imersion liquid 112, which has a constant tenperature, is circul ated

bet ween t he (N@hiBTeci¥. e |.ame al-lel. .ol 2. Meanwhj.l e, the reticle
15 R V\herei%@% hfe par{'a{'lg}glrL %}I*'t?g@f or n%zg%%g@t‘g%rd ?fgng%fs};}n%dﬁei}og\é\@hﬂﬁ;bft%w 9‘6
illum nated re..liaght, EL that energes fromthe_illum nation
optical syst emekg%%\elﬁ?lfgg? E’b‘glgﬁ%l g“%\l}%i%@ﬁ[ama’é th EE‘PI(?S(HEFQIF&WE& HEtseerdl of the
reticle R passes thro(gﬁg %ﬁ’r}f pr,?<i ection optical systemPL and forns an

i mage of t h& RSSO EH - 3 thR dikGararbeygploger orith anew proelosemstitthy e
substrate. Furthernore, the entire surface of the wafer Wis sequentially
20 exposed WitRIAgEeResiqnet). pdn edditionybeparst drenpace etetepthnopsom Blenadht he

wafer Wwithin the XY plane orthogonal to the optical axis AX of the

proj ecti®on apt the alans pambehiPite 428s fildi with b Mest iMBRAIGElIGHE 10PHIGE! hel £rent
33, which is provided at the | ower end of the main body portion 30 of the

proj ection mftactad indosstherts Plose iosthall STRRS§HicalelNak: jS%nh%%%@igﬁ%g?r??%rﬁtl%%f rom

the wafer W it is possible to avoid damaging the main due
to the 25 exposipBsstON prEler@Rthelfgh {ihStmb IR slon Jiquid |
Furthermore, the. perfor mance (F)tgle%g& %‘ﬁég%“ﬁ%‘g‘ gicﬁtsi1 SRR L C%é@téﬁb‘ﬂ can be
mai nt ai ned riqd .of. .time because the  plane parallel plate 42,
whi ch ni ght fﬁé‘”@“&%ﬁ%ﬂagbw ee‘“%%’&}sstﬂﬁef?ﬁtﬁ‘gf cedga of H’é rlaeaimllel plgisr S, o
liquid IL2, rl'ld (&\he I i.ke,flﬁan be replaced with a new one along with the
i nter changi‘ﬁ‘g} PO siatamor hp ingaes forping hawalvsdichess fase Barthemmrehe
optical, elenment 33 5 and theﬁgl ane parallel plate 42 is filled with a first
i mrer silfn 15egesg thaspacaprtepertie phane pataflalotlite @2 iand ¢he wifat W sandheOfSiéedt 0 t hat
of the optical elenment 33 and the plane parallel plate 42, it is possible
to prevent dusihiespisore with & hemparetigansmsil deootdfcd scsbid A6@R3R3R 1Rfuid T
optical elenent 33 and the incident side flat surface 42a of the plane
paral | el pl(atep£2] with the first immersion liquid IL1 in the immersion liquid reservoir IC), the
amount of the second immersion liquid IL.2 used is reduced, the operation of supplying
the second immersion liquid IL2 can be performed efficiently and rapidly, and the speed
15 of'the exposure process can be increased.
Furthermore, the amount of the first immersion liquid IL 1 between the optical
. ¢lement 33 and the plane parallel plate 42 may differ from the amount of the second
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 1.1
20 between the optical element 33 and the plane parallel plate 42 may differ from the flow
speed of the second immersion liquid 11,2 between the plane parallel plate 42 and the
wafer W, or it may be the same.
Furthermore, because the first immersion hquid IL1 is relatively spaced apart

from the image plane of the projection optical system PL, the change in the temperature

25  of'the first immersion liquid IL1 due to its irradiation by the exposure light EL is small



wel | as degradation of the inmage form ng characteristics, e.g., flare.
Furthernore, 10 because the space between the plane parallel plate 42 and
the wafer Wcan be filled during exposure with a conparatively snall

anount of the second imersion liquid IL2 (conpared with the first
imersion liquid IL 1 in the imrersion liquid reservoir 1C), the anmount of
the second imersion liquid IL2 used is rzgduced, t he operation of supplying
the second idomrasddonit dhei ; ; f efficient]y and rapidly,
and the speed 15 of the %%Bglsﬂﬁ[rr%%g)rngc ug(gf[‘czgﬁ{ggagv?rﬁ%?é%?§8&heIgf]‘?’fgﬁé'll nor e,

t he anmount | | ion Liquid IL1 between the optical el enent
33 and the SF‘QEQQ%E%%?P%F&EF%?‘&% ‘Wﬁiﬁ’ ‘gﬂfhﬁ’éfl the igiage freminsperforgrneed theecond
i mrer si on Iiég %%OI L2 .beitvveen he plane parallel plate 42 and the wafer W
or it may bd the SRHEN Sysienddi it rnve sl beampeds ek the(socorid iomergibe)iqafl t he
first irmeergﬂn l,iqui.d I L1 20 between the optical elenent 33 and the plane
paral |l el pl apd Ul siginirnegpion digridt hé i beoptisptie thstfant REcHEEHNSdgMES Si oN
liquid IL2 between the plane parallel plate 42 and the wafer W or it may
be the sameORpehyitdhesccbet amserstondiduid S, iWHEH SnPlts the Walk Wik fore
relatively spaced apart fromthe i mage plane of the projection’ optical

system PL, tiaecqliadgedunt $h8e HRAREHALS; f. the fifrst,i sion |iquid
IL1 due to its irradiation b(;/ the exS%ﬁ%qeu%cﬁLgh?%Eﬁll?lgﬁwﬁﬁng@ge3688 ar ed

with the seggﬂgrs';dpm{uﬁj gn Lipguid, | L2, the adverse affect of the change in
tenperature of the first f mrei}ﬂg?%%'rle? fardersd gﬁ‘ﬁér?%‘ﬂ’za‘i‘%@é URBICHLeTY
per f or manceygf; jection optical systemPL is quite small conpared
it e e Tl e A N
i s exceptional I%i r estihst ant to contamnation 5 conpared with the second
i mer si on | {guirdEY2the gRrafiow ehvaplyéng the finfremetlort lirpid flor ey thetdaRvargqui r ed
amount of the first imrersion liquid ILI is smaller than that of the second
) q
i mer si'oh | ISP 1 ad thapperetien plguiveeidy filedfivssineretsios Migeid 1ff vyank asdieg t he
i mer si on
nozzle 52 may be stopped during the projection of the pattern image onto the wafer W.
The above explained the present invention according to the embodiments, but
the present invention is not limited to the abovementioned embodiments. For example
in addition to pure water, it is also possible to use a liquid as the first and second
15 immersion liquids IL1, I1.2 that has sufficient transmittance with respect to the exposure
light EL, has as 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
20 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 IL.2, but

the water quality thereof (such as control temperature, temperature stability, dissolved

25 oxygen concentration, specific resistance value, total organic carbon (TOC)) may differ.



liquid) of the first imersion liquid IL | may be smaller than the second
imrersion liquid. Accordingly, the operation of supplying the first
imrersion liquid ILI by the delivery 10 nozzle 51, and the operation of
recovering the first immersion liquid ILI by the suction nozzle 52 may be
stopped during the projection of the pattgn imge onto the wafer W The
above expl ai SS theéepagsent i nvention according to the enbodi nents, but the
present i nvehth SRR, Atwatdrmuekiig of chet SeoRMMERNEHE |; | AL S QI
exanple, in addition to pure water, it is also pJQQ?SFggggg%@§H3*P¥hﬁFd as
the first anWakegetity dGhé MTelismeRidn s || L t has suf ficient
transmttance with respect to the elxgllgsuglel' H%‘Hﬁ%ﬁ}if&%gnté@%oéhqus
refractive ifiddudinsafiRss Bl & is, stahl i.th. respect to the projection
optical systemPL and to theogﬁgg%ié%?;€%¥EQ¥hﬁtﬁW“?%é“@uﬁmhﬂézﬁﬁthme waf er
W For exan@lbénd i b itable to use a fluorine based inmersion
liquid as the Il&dl%%gbﬁvﬁﬁl% Il?#ansm’ts the exposure light EL of which the
wavel engtsh i's Iesi t{}fm 200 um that 20 includes, for exanple, fluorine
based oi I (Fl uori neP{U HEetsxpesus: lightdddis 3V lirinet (o dxdBhdNakedo ol yet her
(PTE'). In 3&%%¥iﬁﬁ* in tge embodi ments di scussed above, pure water

( dei oni zed ) M im@daseolighidR48 nevdvelesbehh MTRES) Qond el d J.L), and t he
second irmer,iii O?ﬁlﬁi quid IL2, but the water %u?’;llrl?'?y tﬁgl}te(:l)#f(nglu“é%eglgﬁx
control tenpefatiipam wembaipdt) wf @ nsdr@B, 14k Y g ved 25 oxyg
concentration, specific resistance va ue}’?gggﬁﬁ%%ggﬁfg°gﬁ?%o Of $¥sydieay
differ. 24 HONF cxampliger (e WatEr iy . of the second inmersion |iquid
IL2 can be higher than ot e iRLE thelt inplfﬁ%fl“"r‘f?e?‘w?@t%%kgp@hbq isgdi d

I LI. I n addad themaifbddyeha0% s.of |iquid (includi ng aqueous sol utions)
may be used for the fiy?rrslt irtarlrrt?é?%ioéﬁc‘fdie ‘iﬁ‘tgﬂlanﬂh’éﬁ&ﬂhﬁumsféthdd(MMr@i on
l'iquid 2. the kR j td.on, .the exposure light EL is not limted to ArF

exci mer | aser i aﬁ?ﬁé &Sl’lc‘_(rjl)%% llﬁd’}at‘?{fq@?‘é‘%é? ptircllession filinghdre24 8\ tthidtime,

wavel engt h)g aser Iight (157 rimwavel ength),
ﬂuo':rge, £8% e’“‘ml}ie, can be used as the main body material of the plane parallel plate 42

but i i
| synthetic quartz can also be used because it tends not to suffer from the problem of

la o :
SCr compaction at relatively long wavelengths. In addition, if using F; laser light

then fluorite, f : in b '
fluorite, for example, can be used as the main body material of the optical element

15 33, and magnesium fluoride, for example, can be used as the material of the

antireflection f 'eof is ti i
flection film thereof. At this tme, fluorite, for example, 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 efement 33 is not

limited { P . .
mited to magnesium fluoride, and it is possible to use fluorides, such as lanthanum

20 . e . )
fluoride, gadolinium fluoride, neodymium fluoride, yitrium Auoride, LiSrAlF,, and

LiCaAlk,, as > oxide i
s, a5 well as to use oxides, such as sapphire and crystals: furthermore, if 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

25 1 “the i i
as the optical element of the Interchanging portion 40 of the projection optical system PL,



i line (365 rimwavel ength) of a mercury l|lanp, and the |ike, may be used.
For exanple, if KrF excinmer laser light is used, then synthetic quartz,
fluorite, or the |like can be used as the nmain body material of the optical
el enent 33, and nmagnesium fluoride (MgF2) or 10 the like can be used as
the material for the antireflection fil méfhereof At this time, fluorite,

for exanpl e, e th iLn .body material aof the plane parall el
plate 42, tg)bltg %%yér%tg Wg?i‘gn%%e{)r{“ taglelnszlﬁatﬂaégxﬁéﬁﬂg%la Sﬁ’é‘ﬁéﬁé@“i"{; 1f%Kdsmot to
suffer fromthe problemof |aser conpaction at relatively |ong

wavel engt hs 294" m‘gdg‘f ?Rtﬁﬁfel?rpelﬁggd’gf UroPrpiggden pptigat systeneRL i1 uiplene-eonvesr

exanpl e, can be used as the znain body material of the optical elenent 15
33, and magHdsi URETEIn e erbisal susleceX3mipidiat safichebuisted alas poisiblerat ewiadbnof t he
antireflection filmthereof. At this tinme, fluorite, for exanple, can be
used as t hewhaiein thhoptjcatrsiiérce 8Ba of a turecdoduafaee paral l el plate 42. In
addition, the material of the antireflection filmof the optical elenent 33

is not §inited tiadagiesium &hbstii@es daREsskl bSPrssid), lyorides,
such as | ant hanum 20 fl uori de, gadoli ﬁi um ?‘SI ugri 52 ne%ﬁ%&ﬁ’nﬁgfﬁﬁgbrde,

e L I T L

as sapphire and crystals; "turther

mul tilayer Sifuc ropriately combining filnms of these materials.
In additi onf,%télfolrilll #ﬁég‘égn%eég}?ﬁé%ﬁgmdf Iécé%gg@dw%tg'b%‘,s SPW‘%‘&I‘&an@P“W’a{%‘éUEVat e
is used 25 .,as,the optical elenment of the interchangi ng portion 40 of the
proj ection Ypt PEaFeaRg gxpastire tyge, whstein therwalznipis €xpesed miylelmeovang.ens t hat
has an extrenely small|l refractive index. In addition, the optical elenent
33 of the project/n@fdigphiiiashe aylademems distsssed phcarnparcompesce ap@nstus wher ei n
the optical surface 33a is a flat surface, but it is also possible to use a
| ens  vit¥er eddopted ¢had pitcatimfills trefspee: B®aednsth pagectiod optiedl a¢Rem P/ Ahdafdi ti on,

in the enbodi ments di scussed above, the step and repeat system
wafer W with the second immersion liquid IL2, but the present invention may also be
adapted to a liquid immersion exposure apparatus that moves a stage, which holds the
substrate to be exposed, in a liquid bath, as disclosed in Japanese Unexamined Patent
Application, First Publication No. H06-124873, as well as to a liquid immersion
15 exposure apparatus that forms a liquid bath that has a prescribed depth on the stage and
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 I1.2 from the X direction and the
20 Y direction, nozzles may be provided, for example, for supplying and recovering the
second immersion liquid [L.2 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.

25 'The structure and the exposure operation of a twin stage type exposure apparatus is



proj ection exposure apparatus may 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 exposed while noving. In addition, in the

enbodi nents di scussed above, an exposureZépparatus is 10 adopted that
locally fillss,. pace between the projection optical systemPL and the
waf er VVmﬁtﬁ%%kgaégbéﬁ§XWﬁW§r @ﬁﬁF#gﬁﬁ@nV@@Pa%H&APMemﬁoméﬁﬂtPhMVﬁﬁmiNb.nay
al so be ad%ﬂteﬂibg %gliquid I MTer si on _exposure apparatus that noves a
stage, whic Hoieda%? Jagiiisst Fageamied Batenplagdidatiom Farst Rublicstidatd, as

di scl osed in_Japanese Unexam ned Patent Application, First Publication No.
HO6- 124873, PO s> esrregpoading GUB dPatenTaN s ©B4 LB0EXPODUNLE, EBRREES U4t hat
forms a liquid bath that has a prescribed depth on the stage ‘and %olds t he

substrate thePei6RY), Asbltthstpagse ThansRPiBR 8L 26MEXGY Appl i cation,
First Publication No. H1 0-303 114. Furthernore, ir?gft% é@gt)(gmanr%%lﬁ%‘%}ﬁlgd

crbodi et sPosinaadsich e g NESnRGEl S Soko GPRLYLCS, A0 LeESHETLT L ne

second imrersion liquid'IL2 from X ditecti

nozzl es may;REHREQNd f.or e, for supplying and recovering the
second i mersion | c‘fgdl%gref E% ??%%@Lﬁflg@%ﬁte‘g%f BERPRE. Infits eqdigh fodhe t he
present inv, j _ | S0 be aqapted to a twin stage type exposure
appar at us t a%hﬁﬁgﬁﬁé%gyﬁﬁdmg? gﬁfs%ﬁh@ﬁﬂgépﬁpéﬂghyﬁgoaddsmbsqmmﬂﬁﬁmi0 be
processed, %%ch as wafers, and are independently novable in the X and Y

di r ect i ons. T8 fRueRAed fpx the eresert inkeasrpd parcet gpdicatdnon of a twin stage
type exposure apparatus is 26 disclosed in, for exanple, Japanese

Unexani ned Pat ent™ Agsfilipreat donlosdd indaphihd Uﬁ@lahﬁﬂed%tentkpﬁi@ﬁt?o@ﬁ&% and
Japanese Unexami ned Patent Application, First Publication No. ~ -214783

(cor r edBondiublcdtioS NPt 16 Ait3 SHOG, .thBpBéekt MR Enti &Qggsgyé%saélggtgé T %r? 2y ngdnd
- 0

6,590, 634), Publ i shed Japanese Translation No. 2 PHOSBET
| nt er nat i omgparatus that includes an exposure stage, which can hold and move a substrate o be

processed, such as a wafer, and a measurement stage having various measuring members
and sensors. |
According to the embodiments discussed above, a light transmissive plane
15 parallel plate 42 is disposed opposing the optical surface 33a of the optical system main
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 paraliel plate 42, Thereby, the plane parallel plate 42 functions
as 1f to protect the optical system main body 30, making it possible to avoid damage to
20 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 112 will adhere to the plane parallel plate 42, the performance of the liquid

25 immersion type lens system can be maintained over the long term by replacing the plane



5 Publication (corresponding U.S. Patent No. 5,969,441), or U S. Patent No.
6, 208, 407, and these disclosures are each hereby incorporated by reference
inits entirety to the extent permtted by the national |aws and
regul ations of the designated states (or elected states) designated by the
present international patent application27ln addition, as disclosed in
Japanese Un 1 ned. Pat ent lication, First 10 Publication No. H1I 1-1 3
5400, he pisElkl Fre 2 BEANG) do aniitiandease s Ent inposiondiauapibdr at us
t hat includgﬁgap'expo ure stage, which can hold and nove a substrate to be
processed, bas age e Indgh dnghenthas dree b, istiagescdeivagn vias plantsparal le]
measuri ng nmenbers and sensors. According to the enbodi nents di scussed
above, a |i ghle #7 ankthe oplicnbsiplane 34 6f panplitalsysabmneid Bodys30icpROALQRPOSI NG
the optical surface 33a of the optical systemmin body 30, and therefore
t he opti cal 38)stiepowitilandedly B0ndistadi SR . iof @r get
wor kpi ece, such as the mafe%fvv whi ch iS@ﬁggg%gggqgﬁﬁ?ﬁ%ciggghl ?ﬂ%%rsion
liquid 3ideptidahs@ugh ohe; te.42. Thereb t he pl ane
paral | el pIa?e 4 fuﬁct?gﬁgﬁﬁggkﬁ%ﬁ?ghgkﬁgggF(¥%Qg%bgPéﬁﬁygv§?@ mai n body
30, making | I vol.d damage 0 the optical system main body
30 due to t%eteﬂe?ﬁn’?ﬁrlzértg)}lgﬁ&r E}Cgl??% ‘P ai@fﬁé&%ﬂdﬂgﬁ{ﬂf& afmicHtis degradaiivas on
t he pl ane pg{%lLeuwglate 42 side.. In addition, although there is a
possi bi | i t y”t fat™ 4T PaR S artaristes dpe iy éorpxaplel flaw. danaged by the second
imrersion liquid IL2 and the condensed exposure light, or that inpurities
in the second i nmBrREAHAN, heceise dhalfirspimmnetsioadiqeidd] 1 antihie pleandinpaémione!
plate 42, the performance of the liquid 25 i mersion type | ens system can
be mai nt ai nédioller areiroldiahg it possithy o @plae itRgrékemplfaRemadng Bkt @Ls P! at e
42 with a new one. In addition, because-the first imersion liquid ILI
whi ch Nl aadshe lo iy ehelsaden in@hsen A8 ILD o B ATyl HARRAE) Pefyeen
ao

the plane parallel plate 42 and the optical surface e optical

syst em nai mddpiy, BRaLRhd GAk irﬁ‘rlngmtliquid IL1 and the second immersion liquid J1.2 are
isolated, the exposure process and the like can be performed efficiently by intermittently
supplying or continuously refreshing the second immersion liquid 1.2 separately from
the first immersion liquid 1.1, which leads to an improvement in throughput.

15 As shown in FIG. 3, a microdevice, such as a semiconductor device, is
manufactured by: a step 201 that designs the functions and performance 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

20 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.



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

di sposed, but also to prevent reflection at one surface of the plane
parallel plate 42 and the like, as well as degradation of the inage
form ng characteristics due to, for exangBe, flare. In addition, because
the first inmmersion liquid ILI and the Eecoqd imrersion liquid 1L2 are
isolated, it is possible to prevent t h 64%%ﬂen1of the m xi ng of

inmpurities, 10 and the like, in the second imersion liquid IL2 into the
first imersion liquid ILI. In addition, because the first imersion liquid
I LI and the,secqnd. jmrersion liquid IL2 are isolated, the exposure process
and the Iiké'céﬂ“ﬁéﬂE@P@éWﬁéﬂNéﬁmﬁw$®nmbmnbﬁﬂh@ternittently suppl yi ng or
continuously refreshing the second imersion liquid IL2 separately from
the first imrersiamopticaisystehf maih bowhitehhieads, LA Nt n

t hroughput. 15 As shown in FIG 3,w2 nicrodevf%gf%gﬁg éﬁgggggﬁpggﬁductor
devi ce, 3 s optaalbds thy QdichYsurf . t. desi.gns t.he functions and

per f or mance of the niﬁfodevicg?&gﬁgﬁg%agg%l?ﬁﬁ?&g%ﬁﬂwgates a mask

(reticle) based i i X tep 203 .that fabricates a substrate
(waf er), which i ?{%%ﬁgﬂﬁn&tﬁ%@%xlﬁgﬁr t@%t ?%B”%%fa&%‘?’ o5 on gyghawdrbongrtbe essi ng

step 204 LRhN, & osure apparatus of the enbodi nents 20 di scussed
above exposés Igrhggslgfs e‘ﬁﬁ’%a‘?&?weswgzlw Pirce! wrace obide oatier sestahewiatebadsenbl i ng

step 205 (incl udi t he dicing process, bonding process, and packaging
process); anc #ﬂ?gg@ﬁfl?f@ceﬁc@w&m; theyfigst ithmelsideeliq 28, thChlleMT the i | | qui d
i mrersion type | ens system conprising: an optical system main body that
has an opt iS¢4fcS GPpiaeie g scomal mmdersiontiguainand optical axis, the optical
surface contactin% a first imersion liquid; a light transmtting nmenber
that hd8 two surfhacking waebenthaakthchitly shags Tttli'!-;elighl: transmitting member so that

the one surface opposes the optical surface of the optical system main body.

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

second immersion liquids each include water.

I5
3. Aliquid immersion type lens system according to Claim 1, wherein the first
immersion liquid is isolated from the second immersion liquid.
4. Aliquid immersion type lens system according to Claim 3, wherein
20 the first immersion liquid is reserved inside a closed space, a circumference of

which is closed; and

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

open.

5 o o .
25 5. Aliquid immersion type lens system according to Claim 4, wherein the amount of



optical axis, is disposed opposing the optical surface of the optical
system nmai n body, one of the two surfaces contacting the first inmersion
liquid, the other of the two surfaces contacting a second i mrersion
liquid; and 10 a hol di ng nenber that detachably supports the |ight
transmtting nenber so that the one sur f&ce opposes the optical surface of

the optical taySstemmmRih, Loy iguid i rsion type | ens system
according to Claim1, 5'vvklllte]ir%lce‘ij|dem'tg(f'l|‘ejéaq‘ Ilinrtgéijlgﬁeg Sp@@c‘éﬁf@i“r%ﬁ%?‘s‘ﬁ%ﬁmpi”éﬁﬂf@ each

i ncl ude wat gf. VA Lquid o rsion type lens systemaccording to Caim
|, wherein thgﬁgﬁgg%uﬁ?%%@¥gF6ﬁ1?35U#ﬂ°?@*$§6%ated from the second

imrersion liquid. 4. Aliquid inmrersion type |l ens systemaccording to Caim
3, wherein 20 the first inmrersion liquid is reserved inside a closed space,
a circunference of . which is closed; and the second imrersion |iquid exists
in an open $pacellquid snmeisishdyrmices Hitewhachrdise toapiait | 25h&einAhd ligii d

i nersion type lens systemaccording to Caim4, wherein the anmbunt of 29

the firsé iﬁﬂ&$8ﬁ@%uhhqhﬁdspﬁﬁmﬁwﬂ@ﬁkmnéQgpayosed space is greater than the
amount of the second inmrersion liquid existing in the open space. 6. A
liquid imersion type |l ens systemaccording to Claim1, wherein the |ight

5 transmtting nenber is parallel plane plate shaped. 7. A liquid i nmersion

type | ens systammae i imal, further nprising: a supply and
recovery nechanié%]tﬁgﬁagﬁggﬁFgéﬁt & é@SW&”Wﬁﬂgﬁ@PbLi*ﬁg%ﬁﬁng%m“%hat t he
second i mMersion i&@yhg contacts the other of the two surfaces, and
recovers the 10 ‘secondersioReiaaiirdhalmpeliesdbnsesond immersamHemuidser f ace.

that the second immersion liquid contacts the other of the two surfaces, and recovers the

10 second immersion liquid, which contacts the other surface.

8. Aliquid immersion type lens system according to Claim 1, further comprising;
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

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

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

20

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.

25



8. Aliquid imersion type |l ens systemaccording to aim1l, further

conprising: a circulation nechanismthat circul ates at | east one of the

first imersion liquid between the optical system main body and the |ight

transmtting nmenber; and the second 15 inmmersion |iquid, which contacts

t he other surface of the |ight transm’tti3|qg menber. 9. A liquid inmersion

type | ens syst emagePisthag; 2] in .t circul ation _nmechani sm
o é}_gaoh(?y,g R t§ ﬁgltvm%r%m gdam F?ew qreiadhg itk on

includes a first circulation system circ

liquid, andcangecand;&ltaukatian. systemthat circul ates the second
i mersion |i quind. iz}%g’i%l I“%H(:jsl ‘%ﬁ.gathi‘ @9&1““irype | ens system according to

any one of Clains | to 8, further conprising: a tenperature adjustnent
device that adjusts a tenperature of at |east one of the first and second

i mrersion | Ilg;ﬁlegi 25 30 It. Aliquid inmrersion type | ens system accordi ng
to Caimil, iqHid IRengrsipR typgiehs syecmndedrtimgrs Cbdird 1,GuHegtsin acgidpot h

dei oni zed water. 12. A liquid i mersion type |lens systemaccording to Claim
1, wherel n traesnijtigigtmensber immsdd 6f flingitereber is nade of fluorite. 13. A
liquid imersion type |l ens systemaccording to Claim1l, wherein an optical
el ement that constitutes the optical surface of the optical system main
body is made of synthetic quartz. 10 14. A liquid i nmersion type |lens

syst em accoryi nglit@d Ghademidy ¢ [ ti.cal _element, which constitutes
the optical syst e?n mai n cb_édy,y_\é/gﬁ{’lﬁtsﬂsetgﬂiag%fdlflg é%%ﬁ’i"fit i ﬁ\éﬁer%%%ptmp} ansmi t
ul travi ol eterlh gt di Qb nRAQLESE Ioggca?)égr%isc%ro? the optical system main body is made of

synthetic quartz.

10

14. A liquid immersion type lens System according to Claim 1, wherein an optical

element, which constitutes the optical system main body, and the light transmitting

member transmit ultraviolet light for projection exposure.

15 15, Aliquid immersion type lens system according to Claim {4, 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 1, wherein at least one of
20 anoptical element that constitutes the optical system main body and the light

transmitting member has an antireflection film,

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

25 an optical element that constitutes the optical surface of the optical system main



15 15. A liquid imersion type |l ens systemaccording to Cl aim 14, wherein
the ultraviolet |light is one of ArF exciner laser light, KrF exciner |aser
light, F2 laser light, and i line of a nercury lanp., 16. Aliquid

i nmer sion type | ens systemaccording to GQlaim 1, wherein at |east one of

20 an optical elenment that constitutes the optical system main body and the

light transmtting nenber has an antireflection film 17. Aliquid

i mer si on tyg"éé}[’éﬁga@fggm%‘bwzng to Caim1, wherein the |ight
transmtting nmenber is nmade of fluorite; and 25 an optical el ement that
constitutes the optical surface of the optical systemmin 31 body is nade

of synthetic,guartz; - tguid tnmersion type lLeps . systemaccarding to
Qaimare whifern ki@t dhPe TR el PRl SRR et

water. 5 19. .4 &E%@%ﬁ%io%ﬁﬂ@?&é&%oﬁ%ﬁfd%tv&’eﬁeﬂ hat uses a projection optical

systemto projection expose pattern 1 mage onto a substrate, conprising:
aliquid4gmersion type |lens system according to Claim1l, that fornms the
pattern inmage on the substrate. 10 20. A projection exposure apparatus

that uses a p3.oj eatproRcER &:GakukpbaRluk that REQR] H5ibjceRoRPRBEsAtd@td ern i mage
onto a substrate, wherein the projection optical systemincludes: an

optical systgujadomenagy atpheatrnliasgadnioptsubstats wohpegingt a Dgeiddnthaliong an
15 optical axis, the optical surface contacting a first inmersion |iquid,
and a |ight typalswisyitémgaarerdieg totGlatm hathat feoms trd mdtes) intize oonheach end
al ong the
substrate.
10
20. A projection exposure apparatus that uses a projection 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
15 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 liquid,
20 and wherein an immersion area is locally formed with the second immersion

liquid on the substrate; and the substrate is exposed through the first and second

immersion liquids.

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

25  transmitting member is detachable.

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

transmitting member is parallel plane plate shaped.



optical axis, is disposed opposing the optical surface of the optical
system main body, one of the two surfaces contacting the first inmersion
liquid, the other of the two surfaces cgptacting a second immersion
liquid, 20 and wherein an imersion area Is locally formed with the second
imrersion liquid on the substrate; and the substrate is exposed through
the first and second immersion |iquids. 21. A projection exposure
apparatus according to Claim20, wherein the light 25 transmtting nmenber
is detachable. 22. A projection exposure apparatus according to C aim 21,
wherein the light transmtting nmenber is parallel plane plate shaped. 32
23. A projection exposure apparatus according to Caim 20, wherein the
first and s28ondA pmeEcstoaxjosoie gpaeashctordingde Glaire20, vihe?dn tifke farsopelct | on
exposure apparatus according to Caim20, wherein the first inmersion

liquid is isgdcah&tnferndd iqiseaRAGhdaEkalon | iquid. 25. A projection
exposure apparatus according to Caim?24, further conprising: 10 a first

supply angd recovery nechani smthat supplies the first imrersion liquid and
recovers the first imersion liquid. 26. A projection exposure apparatus

according to aim2 further conprising: .a tenper re adjust t
apparatus t h}?‘a%‘j adijPsr?jse Cté(’l} éwggrgta%%raﬁﬁs a?ﬁoédﬁgrtgﬁ?lﬁﬁb(ﬁ&%ﬁelh% Iirirl‘l%Gui d. 27.
A projection, exposure apparatus _ according to Caim26, wherein the first
suppl y and r@aa%wi}%ﬁ@ﬁ?@%ﬁé#@m $eeond; ipeRarsion §uidy st em of the first

i mersion |iquid.

25. A projection exposure apparatus according to Claim 24, further comprising:
10 afirst supply and recovery mechanism that supplies the first immersion liquid and

recovers the first immersion liquid.

26. A projection exposure apparatus according to Claim 25, further comprising;
a temperature adjustment apparatus that adjusts a temperature of the first immersion

15 liquid.

27. A projection exposure apparatus according to Claim 26, wherein the first
supply and recovery mechanism includes a circulation system of the first immersion
liquid.

20
28. A projection exposure apparatus according to Claim 235, further comprising: a

second supply and recovery mechanism that supplies the second immersion



20 28. A projection exposure apparatus according to C aim25, further
conprising: a second supply and recovery nmechani smthat supplies the
second imrersion 33 |liquid and recovers the second i mersion liquid. 29. A
proj ecti on exposure apparatus according £ Claim 28, conprising: a
tenperature adjustnent apparatus that adjusts the tenperature of the 5
second immersion liquid. 30. A projection exposure apparatus according to
C ai m 29, whdrpidatdrecsecothd seeugphyneasion Headvery mechani sm i ncl udes a
circulation systemof the second immersion liquid. 10 31. A device
fabricating nmethod that uses a projection exposure apparatus as recited in
Claim19 or 20. 15 32. Aliquid imersion optical system conprising: a
first opticali9el eneptojedtiah chipssuse dpaeateontcactindg Glafm 28 tcolripisirg: and a f ace
contacting a second liquid; a second optical elenent that has a face
contacting the secadhpbiafit djusttheBfhigRtathhdbe ARhdshth@nsesanrd,@nti cal

el enment; 20 a holder that holds the first optical elenent and is detachably
attached o0 thg,,,qh %&ﬁ%bnﬁﬂﬁda liquid reservoir that stores the second
liquid in between the first optical elenent and the second opti cal

el ement. 25 33. The liquid i mrersion optical systemaccording to claim 32,
further 34

30. A projection exposure apparatus according to Claim 29, wherein the second
supply and recovery mechanism includes a circulation system of the second

immersion liquid.

10
31. A device fabricating method that uses a projection exposure apparatus as
recited in Claim 19 or 20.
15 32 A liquid immersion optical system, comprising:
a first optical element that has a face contacting a first liquid and a face
contacting a second liquid;
a second optical element that has a face contacting the second liguid;
a barrel that holds the second optical element;
20 a holder that holds the first optical element and is detachably attached to the

barrel; and
a liquid reservoir that stores the second liquid in between the first optical

element and the second optical element.

25 33, The hquid immersion optical system according to claim 32, further



conprising: a supply port that supplies the liquid reservoir with the
second liquid; and a recovery port that recovers the second liquid from
the liquid reservoir. 34. The liquid i m’rgrdrsi on optical systemaccording to
claim32, wherein the 5 second liquid is isolated fromthe first |iquid.
35. The liquid inmersion optical systemaccording to claim 32, wherein the
first optical elenent is made of a parallel plane plate or |ens having a
refractive i rf@8WRISHE: 8suprpiheolt thagisepnlivsriediand epeivenlwidyhe sencad dignding t o
claim 32, wherein the supply port and the recovery port are respectively
connect ed t o aadsuppivwrpppethanccavers deovernmy Hpjuid frodithe Aguiepasusie appar at us
that projects a pattern image onto a substrate by using 15 a liquid

i mrersi on optical systemaccording to any one of clains 32 to 36. 38. The
exposure apparatus according to claim37, further conprising: a supply and

recovery mechani smyehakid snh@RReUedarts stkﬂﬁglcé&ﬁﬂl(gyto%%ﬁl %@«hﬁfc{}:ﬁ ﬁagfo"er y

port. 20 39. The exposure apparatus according to clarm

conpri si nﬁ:e %ei&ﬁﬁm iaalgqs&rl%gcgyrg;f}yﬂm lcl;sl%zilni smthat supplies the first liquid
p

bet ween t substrate an TSt 0 ltqlmélal el enment. 40. The exposure
apparatus according to claim37, further conprising: a 25 tenperature
adj ust nent device that adjusts the tenperature of at |east one of the first
35 liquid and the second liquid. 41. The exposure apparatus according to
clai m 37, whépei n Tacdigypi ynreersignoptisel oFstemhecdridingtto (clagmild, whewdirf therfastt from
a supply condition of the second liquid. 5 42. The exposure appar at us
accor di ng t ooptical wiedtent ishreadei of atpaeal ki plahy pondli lehohavinge tafdes vamdagount  of
the liquid and a fl ow speed of the |iquid.

10 36. The liquid immersion optical system according to claim 32, wherein the

supply port and the recovery port are respectively connected to a supply pipe and a

recovery pipe.

37. An exposure apparatus that projects a pattern image onto a substrate by using

15 aliquid immersion optical system according to any one of claims 32 to 36.

38.  The exposure apparatus according to claim 37, further comprising: a supply

and recovery mechanism that is connected to the supply port and the recovery port.

20 39, The exposure apparatus according to claim 37, further comprising: a supply
and recovery mechanism that supplies the first liquid between the substrate and the

first optical element.

40. The exposure apparatus according to claim 37, further comprising: a

25 temperature adjustment device that adjusts the temperature of at least one of the first



35

liquid and the second liquid.

41. The exposure apparatus according to claim 37, wherein a supply condition of

the first liquid is different from a supply condition of the second liquid.

42.  The exposure apparatus according to claim 41, wherein the supply condition

includes an amount of the liquid and a flow speed of the liquid.



