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FPO6- 0489- 00 DESCRI PTI ON PRQJECTI ON OPTI CAL SYS | EM
EXPOSURE SYSTEM AND EXPOSURE METHCD Technical Field

5[ 0001] The present invention relates to a projecti Ongp)g.-0489-00

opti cal system exposure apparatus and exposure

met hod, and nore particularly to a projection optical
system suitable for an exposure apparatus used for
manuf acturing mcro devices, such as sem conductor

devices and |iquid cryspESCRIPTIONevi ces, in a
phot ol i t hography step. 10Background Art [0002]1n a

PIRROJECTION pOPTRICAESs SYSTEMNUERPOSURE SYSTEM, AND
sem conduct or devi ces, an exposure apparatus which

p B} ROSUREMERIAEES a pattern i nage of a mask (or a

reticle) onto a photosensitive substrate (e.g. wafer
oTeghmical¥imdd on whi ch photoresist is coated) via a

15 projection optical system has been used. For the

e {@&éh e apdaegpuesent invention reldtes to aquojeaticnooptice system,
projection optical systemis increasing nore and nore
asxphsurgegpparatis andegxpoiura oty duoropattoilety to a
i mproves. [0003] In order to satisfy the demand for

t pEojcetionepieealosysiom puibpllet farnan pixpasure yappangtus higsed for
wavel ength, A of the iJlumnation light 20 (exposure .

| nylagiueingom R fevices, sugtas semicerdudtar dggives and liquid

NA at the jnmage .side of the projection optical system
nﬁBfSt%]ésllﬁﬁtﬂb’ég%‘%@SssB@cﬁhﬁ@Hm@gmp ¥ Stkol uti on of the

DBAkErogad RFE  ant) ) The numeri cal aperture NA at the
DOHRE T Ve IRads oPhotRbsRutiti (HocR | yfod geanufagiyring
o R s P50 S A s SR okl
g AT RN O P
Qb LS (%tg wafer or glass plate on which photoresist is coated) via a
projection optical system has been used. For the exposure apparatus, the
resolution required for the projection optical system is increasing more
and more as the degree of integration of semiconductor devices improves.
[0003] In order to satisfy the demand for the resolution of the
projection optical system, the wavelength A of the illumination light
(exposure light) must be decreased, and the numerical aperture NA at the
image side of the projection optical system must be increased.
Specifically, the resolution of the projection optical system is given by k
» A/NA (k is a process coefficient). The numerical aperture NA at the
image side is given by n ¢ sin0, where n is a refractive index of the

medium (normally a gas, such as air) between the projection optical

system and the photosensitive substrate, and 0 is a maximum incident
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the i mage side by increasing the maxi num i nci dent
angle O, the incident angle to the photosensitive

substrate and the em ssion angle fromthe 5 projectigpys-0489-00

optical systemincrease, and reflection | oss on the
optical loss increases, so a |large effective nunerical
aperture at the image side cannot be secured.

Therefore an i nmersion technol ogy for attenpting an

i angbakethef plidtesensigve sabstegter t ure at the i mage side

by filling a nmedium such as liquid, having a high

r §0064} i ve iWhen it ns atteomteddb ppmrénstOfhet maerichk aperture at
proj ection optical system and the photosensitive

s the image sidesbk noereagimgothcRabzimuRo muident djgle 0, the incident
[ 0005] Pat ent Docunent 1:lnternational Publication No.
Vapglei 1o the Jshataseditive Biubstratauaadothet tmissior rarigle from the
15Problems to be Sol ved by the Inventjon [0006]In this

i iprelestion aptinal systest inavasy tanshreflgesiosnosa onethle optical loss
nmenber for preventing the outflow of the inmmrersion .

| igereasesat ¥ indaigs effechyeopumesicak apesturanat the tineage side
waf er stage (photosensjtive substrate stage) side nust |
bEanAet he|Eau -agﬁweﬁset%lmmeréwn tachwelegy for attempting

R ) S 1 oy
AL 08 O R SRS Wt
DR B oL AP e b s B i
280030 e ., R DR EIon ot exposure | gnt

Y608 ;L PR UB el o hSobRe bl katon No.
gwpg@ggfgﬁé,g%?%?%?etr hiu??falcgalamd mask surface ,
PHstBSEe DETRE Kby BB S PUC ) B The optical

P Rpms 0 B SIRRy, It ERbiol 0o rer ot an -
AJONG | D HA RS ntherili 2O BETRHISRIOR el AR 2 seal
e AT AV MEE DUl QTR Al AE3Ph 1RfJ i RSRle of

fo e . .
ff?@b?ﬁcﬂeifs@érﬁ%ﬁ?to( ARNafdr 4Rgé F%lg%ﬂgj]@%flétlﬁq? ﬁglﬁbtrﬁfe stage)

the projection optical system 10

f sideofiumg be ivdt8led | ddjaserNt the Wptithl EmBRES 8Bhtacting the
invention to provide an i mrersion’type projection

oirthirerbicty Hyaid. WMNefinslipkhis By efitsal Aombél {Pmade from a

i mrersion liquid into inside’of the optical system
apthterahvdiioh custigodetenivggtel ByTithe iRadiRliom e expgdsuts light,
anot her object of the present invention to provide a
stadh easexpaterirepalipar flwsroresin.  Therefore the secal member is

disposed outside the effective region (region where effective image
forming beam passes through) of the optical element, so as not to be
exposed to the irradiation of exposure light directly.

[0007] However in the projection optical system, flare lights exist
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15 and exposure nethod for projecting and exposing
m cro-patterns at high precision using a high

resol ution i mersion type project optical system whi BP06-0489-00

prevents the outflow of imersion liquid into inside

of the optical systemand to the photosensitive

substrate stage side stably, and maintains a good

i magi ng performance. 20Means of Solving the Probl ens

[ doedpTmudiaplecraflestionpambhgrhe aptical surfavediensantace), wafer
thgﬁgr esent invention provides a projection optical

syurigae fand paaske surfage anandethesoflaref lights suayf possibly aeach
second surface , wherein an optical path between a

| oykide the sffectiviegregiandclersaprrbures lofsthet opticalhelement. In
second surface side 25and the second surface is filled
WihiE £359ui thenaealngember detenomten dox light areadistian, and the
when_ a refractive index of gas, in opti.cal path of

¢ eutflewoel gupwrsiondligpickinte insige; Qfgﬁlespgﬂ@@ﬂms opticghgystem

a light shielding fil.mfor shielding the passing of )
| Agtto; ther pralerys e atidp AN e BIFVRRGRL. ok @ resull, an anti-
surface atfthe fi@t surface side.and a surface, at the

s 1any, filg con e gpticale sprigee delsHoORIEs ngayses the

E
5[,0010] A. nbodi t of th [ ti
o k8 e TR aBimb S BahS gl brdprmanco
irr?gg?on .a first sufface to a second surface , wherein
a

a PEPCOR PPHSALEYSCR. | i ght transni tting menber

R L -
s R o A e
OB SHERS Byt A1 reRGRI08 L B e o
ol RS FERE A By e
e R o—

f 3 1 . . ) .

RTINS T PRIER AR IR B i
. t i 1 . . 1 1 1

Faon 8 TIOR8 bR G

f vtieh prevaRs the oatBerUingetden 1@4@%@5 side BPthE Btical
path between a light transmtting nber 20 di sposed

chpstent dral ttoe thecphdtdsentigie Substrans s¢ldendtably, and

surface is filled with liquid having a refractive

| nodintajneal good hangihglpatiermanéef racti ve index of gas
in an optical path of the projection optical systemis

1Meamt of Solyimg tie Breblemsf i | m for shiel ding the

passing of light is fornmed in a non-tapered portion of

a[G008] surf Toesale tthesd prdtiletsaasfisst teimtgodiment of the present
invention provides a projection optical system for projecting an image on
a first surface to a second surface , wherein an optical path between a
light transmitting member disposed closest to the second surface side
and the second surface is filled with liquid having a refractive index

greater than 1.1 when a refractive index of gas in an optical path of the
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25menber. [0012] A fourth enbodi nent of the present
i nvention provides a FP06-0489-00 projection optical

system for projecting an inmage on a first surface toppyg-0489-00

second surface , wherein an optical path between a

light transmtting nmenber di sposed closest to the

second surface side and the second surface is filled

with liquid having a refractive index greater than 1.1

5 prdiestionrofticat systen imdexared adgshtishieldimgp fileeforphidldidg the
the projection optical systemis 1, the projection
opassing ofyisgletns dormed ses atlesstibnewubfacef oat pf avsanfacegat the
the outflow of the liquid fromthe optical path
bétrstemurfade didglind: a ansfacet ab thersedxand anrfacé esideosinthe light
surface to the outside, fornmed contacting the Iight

t transmitttigmnemeldrer , and wherein a transnitted

10wavefront change quantlty S of the light

t {OREM t ti nd\ weewed omkeditkent| ofythe prmgmmwrrtg)mpn@eldes a

~and the seal  nenber cgntact satisfies S <7m

Pp&\nﬁ@tiantqmcanl rsysﬂq:én dok projeeing Anpimage onya ﬁﬁ‘stss;mface to a
menber fepre ed for the Light transmttjng

8 a@ﬁ Qi R RPHRA) b nbelamﬂﬂg@ lqglamranymlttmg

when one of urality of seal ers contacts the

mqrgﬁer o i gstnigtbe segond sirdacenside aadi the sepond

ft t tt h f th
e DA ] P B b s U5 1.

odi nent of the éent i nvent] o

b et o B GEER in B htisalphitmat e paigetion optical

f| r con su fa .r [ n i ca
Io st t tElgth? glzﬁ:lg surface ﬁgzlggnd the econgéé)alamde
Eavﬁﬁe% St bR GRRSmIingreribes aBa FEREIEETpE0.25 <D/
RS 1L gL ‘fthfeeﬁ iS5 ittt e%%l"f U Fapond
FF%@E&% t%ﬁi %&%@ﬂ%ﬁ&gﬁ% i S5 i{é‘éﬁ% 'br?cel?ﬁlaf %t%‘éle of an
A P TR i ek BB SHE PRI BHE S s
BRI e o e e e B LEe
fFUO‘PH on aiA {1fAsk la Su?ﬁ%@‘ﬁreé’érﬁ%%ﬁﬁ Hoi&tlon

st "surface side an seco

Stn)gﬁcﬂf systend 'f&hgr%]%@ﬁﬁ drf Ilﬁ%@fam{ firkOQd¥hée Ste“ahsecond

odi ment of rese I nve on prOV|des a

PEQIHRES |, APhORih & o Mééleghﬂpbeﬁﬁé&rﬁﬁt K ﬁﬁngm&gome?nber
first sirface to a second surface , rein an opti cal

paidpobed wesest tbithbtsecbad sstirfideN Ssid® el the s8R surface is

cl oSest to the second surface side and the second

stifledceviils liquid ehlavinghal refiddivieayndiek aregier aghhve.l when a

i ndex greater than 1.1 when a refractive index of gas

| refeactDi inclelx plagds of ah lopticabpeatt bbtheoptdjeation optical system
is 1, and a light shielding film for shielding the passing of light is formed
in a non-tapered portion of a side surface of the light transmitting
member.

[0012] A fourth embodiment of the present invention provides a
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10 systemis 1, the projection optical system
conprises |iquid prevention neans for preventing the

entry of the liquid into inside of the projection  Fp06-0489-00

optical system and deterioration reduction neans for
reduci ng the deterioration of the liquid preventing

nmeans, the deterioration reduction neans being forned

on a side surface of the light transmtting nenber, 15
apgojebtionioptidad systedh fooproeclng an<inkhige/onxa fizstesudfdee’ to a
is satisfied, where D is a space between the second
syedank sandcthewdetrein anasptical r patiicbétweareandigh tiagismitting
maxi mum i nci dent angl e of an image form ng beam whi ch

r agerhber disposedoclbsestr fmahe , segodd Ysarifsce sidd amd iheagecond
hei ght on the second surface. 20[0015] A seventh

embrfdcerert fidked: hathptigaichhavinge at refragivevirdiex greater than 1.1
projection optical systemfor projecting an inmage on a

f when 3 eefracteve indexset gaslirs anfoptieal patheofihe projetion aptical
path between a light transm tting nenber di sposed

ckpsient is &, the psejestianseptical systame comiptises aeseahdnember for
surface, is filled with Iiquid having a refractive

i peeseniingathe outew101 the Nqund {remf thecoptieali patbxbetween the
gas.in an gptical path of the projection optical ,

s@gbé mangmﬂ?tmgwmqmb?re@td the sgranehsurdgen dmtbemuitsidesformed
liquid preventjqn FP06;0489-00 ans for preventing .

t Rentagting the dight transittingo menabge and { whepsinj aciraRsmitted

gt B SRS T R o B hen e
R R B S R4S SRS B S <
of RVES 1 FACRIed, (58, i cpscs WHRGS SoP e ECe SRRl GpeBars are
SEEUA s T L RO Bt TGRS A8 o
R LA o5t e G B Bt e
PRSP e 1 TR i
naGREoRR Phatee ANSatify bfof B SN Of S pediibf s .

CROOES pat R TINCERRbUep LY MErRinh BONTETChres
A Spabyion &t ESRCRIBnlmydgen OTRASITe o

PaédoRf stifface’ oivbldiAna® Rptfal i}%&ﬁt Bdbweenla B {ransmitting
projection optical system'further conprising TIqui
PhRMEBET dispiRadscloféstPie \8e tdepnt haurfald Y skfe hh& the second
liquid into inside of the projection optical system
apgefdes et alleti wixh Heuld havidEansffetiveeRideknNgrdald than 1.1
deterioration of the'liquid prevention neans, 20

whndici 4 réfigctites Bidesr o panin anlepticahpavesbtliespigestish optical
at | east one surface out of a surface at the first

sgydtee isi dg and dhsuptejeetioh tdpeicabcsyrtesurd@aprisesieliquid
of at | east one nenber of the [ight transmtting
npreventiandmichrs fex pravenitipigt thierexrisyrof the i quidriveto. inside of the
[0017] A ninth enmbodi ment of the present invention
ppuyjeditan aptispl systemi, and aletétatatmysteelction meanetin reducing
an image on a first surface to a second surface ,
ctheprdedemgratidn gfi the ahiguoid t preyentiohe metinspothed deterioration
cl osest

et
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FP06- 0489-00 to the second surface side, and a second
light transmtting nenber disposed adjacent to the

light transmtting nenmber, wherein an optical path Fppg-0489-00

between the light transmtting nenber and the second
surface is filled with a first liquid having a

refractive index greater than 1.1, and an 5 optica

path between the light transmtting nenber and the
seeduretidn gidank baisgtéimed onetlesstichel durbae \wut bfa surface at
second liquid having a refractive index greater than

1tle Whenhsarfaed r sidei aed iansiefacd  gathe secondoptifaed pidehof the
of the projection optical systemis 1, the projection
opight &tansyettang member conprising 1iquid prevention

means for preventing the entry of the liquid 10 into

i GOl of t e sixily entbaimemti ehiths ywesent andntios provides a
deterioration of the liquid prevention neans, wherein

t peojgstioniaptinal systesal dor povjestingsan Bnége oad fwstasurface to a
non-tapered portion of a side surface of the Iight L
te tsurfage e harein] aniopticalepath betyotimentight transmitting
present ipvention provides an 15 expgsure apparat us,
c&ginber ﬂQSHQ‘ﬁ@dp@lﬂSQ%tt i@ thepiacend syrdaean an&) eadnther second
the first odi nent, to.the, ninth enbodi pent for

pﬁB{tIéE‘F i ifg?tiﬁdi 1) ilamca having acrefragdiyepindear gregercthan 1.1

is. set on.the first surface to the phqtosgensitive, ]
s 0¥hen & fefiafive indexsal eanin AR opiicah@atLpt Msprojection optical
[0019] The el event h enbodi neny of the present_.invention ,
pF¥ heds 1o (B e, HPH&ajT@YﬁfGHl {comprises, ligid prevention

e PIBGSR Sl TR B o 55 b BRBREKDabiis o th projection
HEERBR st e e FDBR B e Ba0 T Bediing. the
oSRBARROE 3 AsRGRAHAT B AR B A foucton
DHERE B0 AL A G S e e,
RSB AR P! PP i 20 e
MBS Y e R RELh the LR SRR AT B e
oFeAEiGT ka0 B AT I IEACAB YD ipase forming
epbas WRih PEades tﬁeles%%gfr%gies!ra\ﬁsgi Oind WriUisty %@gﬁmm%age

nmeans, such as a sea r- preventing t

OHb{dHR \WnothetdeBohd¥RRCEN |iquid to the outside, is
installed, and a light shielding filmfor shielding
fIGOES] i ght & WV &lithriabOdirhest 6 Bhe PRERAE ihlémtids provides a
prevention neans) is 10 formed. As a result, the sea
jectiéh iopticd] Bysean foprajesting adlinsd@nbhal biystd@fface to a
ggféadeteridg?ate ’gy t he i?roggi atigon of ﬁe flare |ight,
apecdriie soehee i, ondicrein ah dtical npgh berwdenoa kgl tansektting
of the projection optical system due to the outfl ow
ofndrhkern disposednclosesti th thelbsecanti alrfacedosklenand obeusecond
15[ 0022] I n other words, according to the projection
opuifaed y filledh witht hiquint aeitg annedrictive, indes greatdrothan 1.1
of the imrersion liquid into inside of the optica
sydteam cefradtevesinadeixyoipgay imae opticd] pathootithenpuggection optical
form ng performance can be naintained. In the exposure
apysient Us 1atbe eprppsation optikall spstenh eopperssast liquid prevention
i nvention, a high precision imersion type
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20 projection optical systemwhich can prevent the
outflow of imersion liquid into inside of the optical

systemand to the photosensitive substrate stage si dgpgs-0489-00

and mai ntain a good i mage form ng performance i s used,

SO mcro-patterns can be projected and exposed

accurately and stably, and therefore good

m cro- devi ces can be manufactured accurately and

s tiatzing. fo? GRevedtimne she eptriyoof tife ligpaidimwaiingigle[SOH3] priojection

1 is a diagramshow ng a general configuration of the

FPptical systim o ranuls uletcrapationt wedactdan dinegns ofaan reducing the

enbodi nent of the present invention. Fig. 2is a

didgtartoratinoveinthealiguaisi pravieationemeans e getorovateon aeduction

rectangul ar static exposure area formed on a wafer and

ameansi beingafarmest im apnop-dapséred peitioradf sy sidensurface of the

arc rding to, the present enbodinent. 5Fig. 3 is a

d'lggﬁgﬁ%lﬁlémnggm@%ﬁi guration of a boundary |ens and

a r accordinp o the present enbodinent Fig. 4 is,

a[@ﬁ‘fa@r am sﬁ\:ﬂ/\mél %Epdgnelé& pbthe present agventiomprovides a
' em according, to the present

g%ggﬁéﬁ{]@?ﬁ% Sagedt ﬁlapgyﬁamg SHOWR3gS PR fasteyuface to a
S? SCont ISIngi qtzfgtﬁlp_ Bt ge gltlj;g?gtrlaglos t'h&?ép%ﬁé%mg%%@égé closest
BTSSR, R B AR DB J i hang member
PURRERA SR 1Y Gl lranip i) BBt WHatedn a optical
A7 PE R, AL S B0 BT O e i
L e R R o B A P e AR E B et f 1and an
St Bk b R0k, SHR0HI IR el hd Bhipong tieh
*SShaANEEL pirtbels TS OBt Bobl v, roffprive
SRR fedterRhf 108 w’gfegfa EoabR RISk 69@%()&{‘%6 Bplighl péth of

I's a diagram Wi

gﬂ{&Pﬁiee@@ﬁiﬁﬁfél IsQBteph 1§ Ne tRB ?@%&fdrﬁhpﬁcélex%stﬁrg further

sect s of the profection dptical”systentaccordi

26bprispee NquitPprdvendionteals Sor %lgxieﬁteiﬁg%e%ﬁfp of the liquid

showi ng a general configuration
into inside of the projection optical system, and deterioration reduction

means for reducing the deterioration of the liquid prevention means,
wherein the deterioration reduction means is formed on at least one
surface out of a surface at the first surface side and a surface at the
second surface side of at least one member of the light transmitting
member and the second light transmitting member.

[0017] A ninth embodiment of the present invention provides a
projection optical system for projecting an image on a first surface to a

second surface , comprising a light transmitting member disposed closest
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FP06- 0489- 00 characteristic key sections of the
projection optical systemaccording to the third

nmodi fi cati on. Fig. 11 is a flow chart show ng aFP06-0489-00
a

nmet hod when a sem conduct or device is acquired as

m cro-device. 5Fig. 12 is a flow chart showi ng a

nmet hod when a liquid crystal display device is

acquired as a mcro-device. Best Mdde for Carrying Qut

t be thovestondnsifaee] sidwdame i seodnd Hightr rapsrhitting member
invention will now be described with reference to the
adespusedyddjgcettatoi tigslight grantniitting mMénbenowhereham ogtical
a general configuration of an exposure apparatus

apath dethgedm tm%'@mmmmng mbmber esehthd seentd surface is
In Fig. 1, the X axis and the Y axis are set in a

difkedt with & firgdiquiddiaving la refieactizreandey gaeatet tharzl dxiand an
is set in a direction perpendicular to the wafer W i
Mopticabpathr betavdep, thehlaghtvtrpnsmitting membar gl thd stcond light
with the, horizontal plane, and 15the +Z axis is set .
upraasaitinghgarmber és dilled with ecseemd |igoid haying awvrefractive

Fig, 1, the exposure apparatus of the present .
e peaaten then dabavhen é%ﬁé@gﬁi‘ée e oggeﬁ tean eptigabpath of

Themroigetion et aysiays e, thecpipiedion opisabsyster) further
L LT —
b B B T A A SRS
i R QR L C—
P ISR B SETE L SuPBEEC! AP
AR RER T he ent e pattern area (s
L L¢%]2 a}qe?é %xﬂtﬂ?@[{ggﬁéﬂfeﬁptofw@kc&e%ﬁts St %IFO\t/iIP:l%s an
exposure apparatus, comprising the projection optical system according
to the first embodiment to the ninth embodiment for projecting an image
of a predetermined pattern which is set on the first surface to the
photosensitive substrate which is set on the second surface .
[0019] The eleventh embodiment of the present invention provides
a manufacturing method for a device comprising an exposure step of
exposing the predetermined pattern onto the photosensitive substrate
using the exposure apparatus according to the tenth embodiment, and a
development step of developing said photosensitive substrate after said
exposure step.

[0020] A twelfth embodiment of the present invention provides an

exposure method for projecting and exposing a predetermined pattern



pattern on an exposure area on a wafer on which

phot oresi st has been coated (photosensitive substrate)
Wat a predeterm ned reduction projection FP06-0489-00
magni fi cation via an inmersion type projection optica
system5 PL. In other words, a pattern inmage is forned

on the rectangul ar static exposure area (effective
exposure area) which has a |ong side along the X

divheeh iPBetond tite Singt durficde ont®aPpRdiesehsiive shibsatenwhich is
the wafer W so as to optically correspond to the

r et g 8¢cdrld sumfhesd 1via the grofdttidheoptitdldystdm according to
10[ 0027]Fig. 2 is a diagram depicting the positional

r tHeafirst epfvad iheintee the nirghtaangotianerst, at i ¢ exposure

area formed on the wafer and an optical axis of the
pEdfert iof thedpvientionsyst em according to the present

enbodi ment I n the present enbodi nent, as shown in Fig.
2[0G2 Irlect anhuhannehersicon exmEoprojectaom aptiBal systerh according to
extends along the X direction 15 with the optical axis

AX typicahenthwdiment iof thetpresenthavention) hquil preventmgemeans,
circle) IF having a radius B with the optical axis AX |
osueth@spz ieat tmembept farapreventing the auttlow of rther immersion
Here the length of the static exposure area ERin the
xlighickta thenoirtside is dnstallad, ard gt ighthshiskding dilne der shielding
tﬂereof is LY., 20[ 0028] Therefore corresponding . to .
t Hpee lights svhigh weaeh ithisuseal amesbesr @uquid rpreveation taeams) is
i .l um pation area)_ haying si ze_and shape )

c mf‘égondﬁga tissilie theabedl aneber e(lﬁlléa prevantipn Haeans)

Bl B o5 S R T an
B a5t BTl B oiEn ot B §fcin
fine- [ t ticl [ X di ti .Y .

BB 8o LS Lol U Kb SElt B o

FRO6- 04 9-0(% positions of the reticle stage RST in the
47 B ?%W,'Y direction and rotation direction are

TEREAISC, LRl bR SRk PGP RsB) dicat system
25 i g PRSPl i
Shefs Spfital XEiinare MLty 3Evefilitla TR MY forming
BI5GB, SO lro o and oo
(ISR 00 (AGpheiEht TNEAMORT L 2l PRSI igHgfsin type
dpF LS (?ﬂﬂ:a[ %%@tte'h? RyKiiche&an %e?érﬁ {IRASHRAV | &F immersion
real-tinme and cohtrolled by a fer |aser

| g aid eieiRdigeE of3he W?itiéﬁl gyﬁémaaﬁmwﬂie%(h%&&ﬁsiﬁ%e substrate
installed on the Z stage 9. [0030] The stage 10 is

pstage dide andbaantiin & dbapel fo cffdrasdricen d
di rgct ilon and rotati gﬁg%t? rectlgon g;nﬁ'?%éﬁ) waf er W Cshlyse » 80

t fidcrtbpatieis dianbe projevted aadt & xglosedsdovirdiély antiaithleld, and
in the exposure apparatus of the present enbodi nent

atliensfose oednaiirbdandces cabe neamehetiRed mcthmtdly and stably.
direction, Y direction and rotation direction based on

t Beiefddesoriptioh ofthedDrawasgy ed by the reticle |aser
interferoneter. In other words, the main control

shi28h 14 sEigls] & eadiagram shgweingt ® geheralasomdigration of the
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20integrated in the reticle stage RST, and adjusts the
position of the reticle R by fine-noving the reticle

stage RST. [0031] Also the main control system 14 FP06-0489-00

adj usts the focus position (position in the Z

direction) of the wafer Wand the inclination angle to
match the surface on the wafer Wwi th the i nage pl ane

of the projection 25optical system PL by an auto focus
sygpesarerappavitas laeveiding te usit@nbodimetthel theqrdsenttineention.
mai n control system 14 sends a control signal to a

waf er Fip0B-i848d@)frasi shewdng e poypricrmal 16latemihasljbesween a
the focus position and inclination angle of the wafer
Wréstangilar statichexpossira geedformedyon mewaddraand aa gptictal aris of
system 15. Also the main control system 14 adjusts the
pegirvjaeshionodptidad syatear aveonding éo shaipresent embodiment.
direction and rotation direction based on 5 the

nmeasur Eignd 90 diagranashowdngya chafigaraiion @fer boundary lens
interfergneter 13. In other words, the main control
syBdanvalergssesdingdodbapresent iegrbodimenthe waf er st age
drive stem 15, and adjusts the positions of .the

waf er Wendt e Axdifgtam 1owingdar caigianen pétlensen of the

di ti, by, dri vi the XY st 10 [ t f

SRR AR A ot B b e

mai n c%nt rf?ol system 1_4 sendsItS Eont rlol Si %nal. to the. .

mechant &n ?rlff‘eé‘fag?%@slshof’ﬁ@g ¢ ilalera FRURETN tag prejection
. [ I th f £ dri t 15, d

° PBHERt i bR reSet e hodlbR, Tnge of the vet) che

R ont det i ned shpt t h f W whi |

G vi nETEh 1 & cabtimyanpedhg na Brectl SrlittahOns O the

o SR e B RS D Prih i PoBF AL B uRof the present

T t [ trol t 14 d trol si I

B " age or i ve syatem 6. and crep. movese

ool 1 SIED T i e Bl [ ORECh HbEolipeBP R Yphice D (mm)
shafged] iavﬁla?é(ts WinkPa AEHO Qﬁﬂ%ﬁggmrﬁ ¥6Y and fillltnﬁlénance

operation to Scan and expose ern 1mge o

r gistfibhtiGn gﬁiWHgﬁ] %faeﬂ?lﬂ R¥h G/?u%{ fPachiad tﬁ& JULTBITRE of

IS repeate er wWo accor ng to the present

e rﬁ@%g élﬁﬁc glﬁaﬁé'h%élegﬁft@lg) Epthé ’I‘%u‘i@ Svien thé$Burkhance

that is et and the wafer are

S AAHE WS W igrﬂw;hﬁ%ﬁﬁﬂﬁqsﬁeséﬁmﬁbbaﬁnmﬁrt si de

direction, 25t ha.t is the Y direction, of .t e
rectangis ag jgt @Hiﬁgﬁh@%@bﬁnera@%eﬁ%ﬁhlsé@iﬁgurati_on of the key
ro

illumnation area, while con ing the positions of
t becticiy 6f @ M nAod RGP 3P the installation of the submerged
plane parallel plate in an optical path between the boundary lens and
wafer is omitted.
Fig. 9 is a diagram showing a general configuration of the
characteristic key sections of the projection optical system according to

the second modification.

Fig. 10 is a diagram showing a general configuration of the

10
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waf er Wusing the wafer stage drive system 15 and
wafer laser interferometer 13, therefore the reticle

pattern is scanned and exposed on the wafer Won an FP06-0489-00

area which has a width the sane as the |ong side LX of
the static exposure area and the |l ength according to

the scan quantity 5(noving quantity) of the wafer W
[0034]Fig. 3 is a diagramdepicting the configuration
behavaeterishe boysdetiond efishaupdojcktonadpticah systen mgeording to
the present enbodinment. As Fig. 3 shows, in the

pthg thetd modoficatoet. syst em of the present enbodi nent, a
subnerged pl ane parallel plate (first |ight .

t r ansniig.i ﬁ]g israntbew) chart sﬁf)wmg avmethod wheiz @ semidomductor
reticle R side (object side) contacts the second

| deuiicg is aequised as armigre-devicte wafer Wside (i mage

side) contacts the first liquid Lm, is_ disposed .

cl osestig.ol2 s avllosy chadeshowing e methadyhen ghliquid crystal
transm tting . menber adjacent to thus subnerged pl ane

pék asédemcstléagﬁulrﬁg BS AriNGtP-dHSeLb, of which

rfa@i éa in the_reb’cl ‘i@, side,contacts 15t he gas

st Ylede fox S aryying Oukthe Inyention cont acts the

S liquid .LnR, is disposed. [0035]lIn the presgent

R e Erostimaris oo PEtSORL: SRy erioh Cpdlladiop be
uid Ln? .havi

fi,rst.ligui.d Lm.1 d dli . .
-+ descitiacvifh, aekereRes, o8, fien aecallphRing, oPaviiR o Fig. 1 is a

Ui PR b R

ORHRGREYS LR, o BeRE o S RS PR e X
RO 5 JE b BRAPH G BPURRA BARERS W,
35 A 95 bbb PRUREL 10 oW, More
8 A S b Rk, e
gfden#zi kit Ybesét!?@%ﬁegd':ﬁgﬁ' YRl Qig%@g@%ﬁer formance

the projecti pticaf system | so in the

Cﬁmfflu A MEME - té}ﬁg' foragki

i Qexﬂm str%gu%llﬁ)gﬁhhlgspﬁgﬁw@ﬁeq eonsclt:lgé gg Q%ay%%ts, g sent
t BinbodiimRat $hllded ahedhiihie ¢ighfdekrcd, RekHHs an AW excimer
hi gh frequency conponerits, 5 may cause the generation

Ofas@r light SolitéH)tandehss bh1lurAaatibA" SPtith] REGicph MRB6MRIsing,
the projectionoptical systemtends to drop. It is

ahg LpthaMintdeadtor | (WO dgeriasr) aa na¢ldr ﬁb?,b khéfd toadasRr lens.
and i'n order to nmaintain a good i mage form ng
PEhEoEXFIMEe Cli%]ljth®)@fo@hfe3ﬂ:ie_@m)0m,i odlich Yist @multrieiolet pulse
i nfl uence of this natural birefringence nust be
clipheetidld.a Th8rmhownavelength emitted from the light source, passes

through the illumination optical system 1, and illuminates a reticle
(mask) R. On a reticle R, a pattern to be transferred is formed, and a
rectangular (slit-shaped) pattern area, of which long side is along the X
direction and short side is along the Y direction out of the entire pattern

area, is illuminated.
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10 because of solubility, the high frequency
conponents of the refractive index distribution and

the natural birefringence of fluorite, it is FP06-0489-00

preferable that the boundary | ens Lb and subnerged
pl ane parallel plate Lp are nmade fromsilica gl ass.
[0037] To continue filling liquid (Lm, Ln2) into an
optical path 15 between the boundary |lens Lb of the
P{OOZET | on el Kight whidle pasieditolifR thefreficd/ Rr fod Beeticle
beginning to the end of a scan exposure in a step and
Spattetry pa &X RIPVLEreafRar 8k Us wilfee bnpahich PhoforesRd has been
exposure while relatively noving the wafer Wwith
r eepiedt (photdsenpitvjce Gubstraty)t iWalats wstred@lermiiheéd reduction
technol ogy disclosed in International Publication
Nprdyectian YigSiifieatidnana antienmersion ity priojectios egtical system
Japanese Patent Application Laid-COpen No. H10-303114
cRb. bln otlet Wodds8] patteteimagbnsifogpediarthessattameular static
I'nternational Publication Nunber W99/49504, |iquid
adkpeswe area {cffcetive exposu awapovhichriws s long sidedlong the
froma liquid supply _ device via a supply pipe and
dXs diraeden 2mdox shertsidaglang the I directopn iondhepsiater W, so as
bet ween the boundary lens Lb and wafer W and liquid
i to pptiesldy e@rrespand e tharestangulartiHemingtivn asemphythe reticle
FP06- 0489- 00 device via the recovery pipe and inl et
nBzzle. In the technol ogy disclosed in Japanese Patent
[cation_laid-Open No. H10-303114, on the other .
w a waf E1ghél Hep diagram dopwiting the posidenal relationship

h

shape so as to contain liquid, and at the center of
tEE&B‘?ﬁI’c BricatRgU He Bl PHOSHER éfeas?wlil%ff 5sthe vt and an
and _.held b uum suction (in liquid). The wafer

hEPHER! axis el the dprogection, dptical systam docording i dhe (present
| ens-barrel of t projection optical system PL. .

- ERREeR-o e e GREEh T POBBRERe AT SHOMML o Fighe, @
fer side of. the boundar ens, .Lp reaches into the,. .
| fmgling sbic pashtd BRaLER, “BrigB e slonRabeak Sirection

as i | i g+ m, is. circul.ated i.n the .
oRiltE e phfifal wRiex 2 b cetirotscrat i Be sifulfEprea (image
Y r LS | - LLSE s .
CEREfE) R, BafinkoS AR VAR BulidlChitTAREpf thy projection
u t Bf . t c | g oug ' :
copAcRLERIE L QBRI T ¥ IeBetiTRE S st gxposure
I h : e n I l:atg | : .
ugllra%g.EZ{ gggﬁdﬁmﬂ?&gﬁ?g %ug%?’y ‘??i{:l Eairegl Iﬁe@hglr% ?mdffcuon
| therBbSigey. by circulating pure water as an immersion
ltquid at a small flow rate, preservation and m | dew
p effec ' ge ; inati
o o (B REPTS Cotsponding, €85 1ebuhitular illumination
agraer(gatsysf i& Silui t 0 1Ng ess
CafRACI (Ui U AaE SN  Hah OO 0 EXPI S Ishape
t GofrBgpilihg ab the istaticekosurd iaséAREE wifipthelUpRéaltakis AX as
froma tangéntial plane at the vertex of the aspheric
sthd eattet 13 forpral oh die setidlbR aapRRAIdCtHEY IS A6eillubtided. The
hei ght y along the optical axis, r is a vertex
croticde B & hieldiiparkliélswithabei Xy ;?I@ﬁefdri & rétidle RST, and
is degree n of the aspheric coefficient. In the Tater
nentheaetidleTstape RST, a méchaaidm dbe fineembkéng ttghtetiefe Rhig the
surface nunber 25of the |lens surface fornmed in an
aXphbrdctiosyr Vackrection and rotation direction is integrated. The

12
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[0041] z= (372/r) [ [1+ {1- (1+403r2/r2} 1/2] +C4 ya+
c6 y6+ c8 y8+ Coy toy 12c 14 y 14+ ' ( a)

[0042] Fig. 4 is a diagram depicting the configuratiopP064yu%L00

of lenses of 5 the projection optical system
according to the present enbodi nent As Fig. 4 shows,
the projection optical system PL of the present
enbodi ment i s conprised of, sequentially fromthe

I pbkicdhsShfi¢he %eﬁbl%”@tag@rR'S_'Iein rhét® dtectiorl) YCAESNSn and
| ens Li which has an aSpheric concave surface at the

Wah@kiodl difectfor @8R nhetBufBd iif GEEI-LARS dndl ¥EhE©6118@Dy2a reticle
10 concave surface at the reticle side, a positiv

mhies Gterfeeometed (tok flludipged)) aspheric concave surface
at the reticle side, a positive neniscus |lens L4 which

hfB029]concaltheswat@acw & fitked ihgpdrallel siitethaXoy planyen a Z
| ens L5, a positive neniscus |ens L6 which has a

cetagex sia havsfeatholder (rastiitiustraieds, ThepBsithgey 9 is fixed on an
meni scus | ens L7 which has a convex surface at 15 the

r Y ctagsil@dewhaclporovey alomnitlse USY1 plasc) Svhibhdb substanially
aspheric concave surface at the wafer side, a

hparalted avith| thesimzpe planegaifi the peyestoors optical kygemhPEh and
has a convex surface at the reticle side, a biconcave

| eastrolsi theh fetushpesitiona@uisétion in dhe a6 alisotion) earst indimation
waf er side, a plano-concave lens L12 which has_an
aepgler ot theowesere W uFlosdhe 2 etage 9,iposibong ie the Fedirgction, Y
posi tive nmeniscys lens L13 which has an aspheric

c direation sundr rpdation ditestiost arel measured in teal-tioms end|comtrolled
Lé4, a hi-convex |ens L15, a_negative neniscus | ens,

Lby anwaerntaser igtentesemeter d3e whichhusesw mavablednimor 12

hi-convex lens L 17, a hi-convex lens L18, a positive
m@@%@méﬁ%i&t@gmch has an aspheric concave

T R e LT HRCR AR
S L
N o .
o3 S R 5 0 e oSG o SRR e X
SRRl B e S, lprmens
peFllesEERIERU A MR icll Send RO s RE Ph P Bias, the
DR, Ehyhr sty 09 5PRP o T B
A iy 6 0084 ROTTRERSER bbb
fRley%ﬁrieVﬁIo:vg%ﬁaelre'iﬁ@é%@geVRS‘F, respect to the

oper-ation
[0031] = Also the main control system 14 adjusts the focus position

(position in the Z direction) of the wafer W and the inclination angle to
match the surface on the wafer W with the image plane of the projection
optical system PL by an auto focus system and auto leveling system. In

other words, the main control system 14 sends a control signal to a wafer

13
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[0044]In the follow ng Table (1), the values of data
of the projection optical system PL according to the

present enbodi ment are 15 shown. In Table (1), A iSF?06-0489-00

central wavel ength of exposure light, f3 is a value o
projection magnification, NA is a nunerical aperture
at the image side (wafer side), Bis a radius of the
image circle I'F (maxi mum i nmage height Ym on the wafer

Vitap¥ deive sistansisn abll adiRistd did dotud pidittordradd BRlination
along the X direction (dinension of long side), and LY
28ngke @f therwafordW of diféng tlat Festage 9using ahe vdth sthpsdrive

the Y direction (dinension of short side). The surface

neystem $Hovsise thequanteonfrot bestenr 1 dcgljfistonthé positions of the
reticle side, r is a radius of curvature (vertex

cwafet W danrtadi Xisdireotion Y hdiredton afd aotafphdirection based on

surface), d is a space of each surface on the axis,

t thet niensurerhentevskpameasmed by theamdifer lasen intetfeaomieter 13.

25index with respect to the central wavel ength.

[ bootherawords, the nE@ocont®d spsteavhirsedds the XontroBsigaal to the

nm 13=1/4 NA= 1.00 5B=Yn¥ 13.4 nm LX = 26 nm LY=5.5 mm

(Hsfer slage slrpansysteaat 2) and adjustathe positions Rftthelwafer W in

surface )50.00Q 1co8. 000 . .. L.
the X direction, Y direction and rotation direction by driving the XY
stage 10 using the wafer stage drive system 15.
[0032] During exposure, the main control system 14 sends a
control signal to the mechanism integrated in the reticle stage RST, sends
a control signal to the wafer stage drive system 15, and projects and
exposes the pattern image of the reticle R onto a predetermined shot area
on the wafer W while driving the reticle stage RST and the XY stage 10
at a velocity ratio according to the projection magnification of the
projection optical system PL. Then the main control system 14 sends a
control signal to the wafer stage drive system 15, and step-moves
another shot area on the wafer W to the exposure position by driving the
XY stage 10 using the wafer stage drive system 15.
[0033] In this way, the operation to scan and expose the pattern
image of the reticle R onto the wafer W by the step and scan method is
repeated. In other words, according to the present embodiment, the
reticle stage RST and the XY stage 10, that is the reticle R and the wafer
W, are synchronously moved (scanned) along the short side direction,
that is the Y direction, of the rectangular static exposure area and static

illumination area, while controlling the positions of the reticle R and
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203%. 225 noptical nmenber 1.5603261(P1) 3 -1943.233
12. 000 1.5603261 (L1) 4* 191.125 47.012 15 5

-104. 228 42.945 1.5603261 FP06-0489-00

wafer W using the wafer stage drive system 15 and wafer laser
interferometer 13, therefore the reticle pattern is scanned and exposed on
the wafer W on an area which has a width the same as the long side LX
of the static exposure area and the length according to the scan quantity
(moving quantity) of the wafer W.

[0034] Fig. 3 is a diagram depicting the configuration between the
boundary lens and the wafer according to the present embodiment. As
Fig. 3 shows, in the projection optical system of the present embodiment,
a submerged plane parallel plate (first light transmitting member) Lp, of
which surface at the reticle R side (object side) contacts the second liquid
Lm2, and surface at the wafer W side (image side) contacts the first
liquid Lm1, is disposed closest to the wafer side. And as a second light
transmitting member adjacent to thus submerged plane parallel plate Lp,
a boundary lens Lb, of which surface facing the reticle R side contacts
the gas and surface facing the wafer W side contacts the second liquid
Lm2, is disposed.

[0035] In the present embodiment, pure water (deionized water) is
used as a first liquid Lml and second liquid Lm2 having a refractive
index greater than 1.1, since a large quantity of this liquid can be easily
obtained at a semiconductor manufacturing factory. And the boundary
lens Lb is a positive lens which has a convex surface facing the reticle R
side and a flat surface facing the wafer W side. Both the boundary lens
Lb and submerged plane parallel plate Lp are made fromsilica glass.
This is because if the boundary lens Lb and submerged plane parallel
plate Lp are made from fluorite, the fluorite has the nature to be

dissolved (soluble) in water, so it is difficult to stably maintain the image
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(L2) 6 -470.767 1.000  7* -542.622 39.860 1.5603261
(L3) 8 -202.724 1.000

FP06-0489-00

forming performance of the projection optical system.

[0036] Also in the case of fluorite, it is known that internal
refractive index distribution has high frequency components, and this
dispersion of refractive index, including the high frequency components,
may cause the generation of a flare light, and the image forming
performance of the projection optical system tends to drop. It is also
known that fluorite has a natural birefringence, and in order to maintain a
good image forming performance of the projection optical system, the
influence of this natural birefringence must be corrected. Therefore
because of solubility, the high frequency components of the refractive
index distribution and the natural birefringence of fluorite, it is preferable
that the boundary lens Lb and submerged plane parallel plate Lp are
made from silica glass.

[0037] To continue filling liquid (Lml, Lm2) into an optical path
between the boundary lens Lb of the projection optical system PL and
the wafer W from the beginning to the end of a scan exposure in a step
and scan type exposure apparatus which performs a scan exposure while
relatively moving the wafer W withrrespect to the projection optical
system PL, the technology disclosed in International Publication Number
W099/49504 and the technology disclosed in Japanese Patent
Application Laid-Open No. H10-303114 can be used.

[0038] In the technology disclosed in International Publication
Number W099/49504, liquid adjusted to a predetermined temperature is
supplied from a liquid supply device via a supply pipe and discharge
nozzle so as to fill the optical path between the boundary lens Lb and
wafer W, and liquid is recovered from the wafer W by the liquid supply
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9 -1066. 606 49.498 1.5603261 (L4) 20 10 -257.416 1.000
11 2900. 000 53.600 1.5603261 (L5) 12 -376.177

FP06-0489-00

device via the recovery pipe and inlet nozzle. In the technology
disclosed in Japanese Patent Application Laid-Open No. H10-303114,
on the other hand, a wafer holder table is formed in a container shape so
as to contain liquid, and at the center of the bottom area therein the wafer
W is positioned and held by vacuum suction (in liquid). The wafer
holder table is also structured so that the tip of the lens-barrel of the
projection optical system PL reaches into the liquid and the optical
surface at the wafer side of the boundary lens Lb reaches into the liquid.

[0039] In the present embodiment, pure water, as the first liquid
Lml, is circulated in the optical path between the submerged plane
parallel plate Lp and the wafer W using a first water supply/discharge
mechanism 21, as shown in Fig. 1. Also pure water, as the second liquid
Lm?2, is circulated in the optical path between the boundary lens Lb and
the submerged plane parallel plate Lp using a second water
supply/discharge mechanism 22. In this way, by circulating pure water
as an immersion liquid at a small flow rate, preservation and mildew
proof effects are provided and change can be prevented.

[0040] In the present embodiment, the aspheric surface is given by
the following Expression (a), where y is the height in a direction vertical
to the optical axis, z is a distance (sag quantity) from a tangential plane at
the vertex of the aspheric surface to a position on the aspheric surface in
the height y along the optical axis, r is a vertex curvature radius, k is a
conical coefficient, and C,, is degree n of the aspheric coefficient. In the
later mentioned Table (1), * is attached to the right of the surface number

of the lens surface formed in an aspheric surface.

[0041]

17



10

15

20

25

1. 000 13 254.290 54.884 1.5603261 (L6) 14 927.490
1. 000 25 15 192. 047 50. 000 1.5603261

FP06-0489-00

z= (y?/r) /[1+ {1— (1+x) +y>/ "]
+Cs y'"+Cer y*+Cs y*+Cyp- vy "
‘|‘C12'Y12‘|‘Cl4'3714+' vt (a)
[0042] Fig. 4 is a diagram depicting the configuration of lenses of
the projection optical system according to the present embodiment, As
Fig. 4 shows, the projection optical system PL of the present
embodiment is comprised of, sequentially from the reticle side, a plane
parallel plate P1, a bi-concave lens L1 which has an aspheric concave
surface at the wafer side, a negative meniscus lens L2 which has a
concave surface at the reticle side, a positive meniscus lens 1.3 which
has an aspheric concave surface at the reticle side, a positive meniscus
lens L4 which has a concave surface at the reticle side, a bi-convex lens
L5, a positive meniscus lens L6 which has a convex surface at the
reticle side, a positive meniscus lens L7 which has a convex surface at
the reticle side, a positive meniscus lens L8 which has an aspheric
concave surface at the wafer side, a bi-concave lens L9, a negative
meniscus lens L10 which has a convex surface at the reticle side, a bi-
concave lens .11 which has an aspheric concave surface at the wafer
side, a plano-concave lens L12 which has an aspheric concave surface
at the reticle side, a positive meniscus lens L13 which has an aspheric
concave surface at the reticle side, a bi-convex lens L14, a bi-convex
lens L.15, a negative meniscus lens L16 which has a convex surface at
the reticle side, a bi-convex lens L17, a bi-convex lens L18, a positive
meniscus lens L19 which has an aspheric concave surface at the wafer
side, a positive meniscus lens L20 which has an aspheric concave

surface at the wafer side, a positive meniscus lens L21 which has a
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(L7) 16 405.266 1.000 FPO6- 0489-00 5 17 18* 19 20
21 22 23 230.501 322.792

FP06-0489-00

convex surface at the reticle side, a plano-convex lens 1.22 (boundary
lens Lb) which has a flat surface at the wafer side, and a submerged
plane parallel plate Lp.

[0043] In the present embodiment, pure water (Lm1, Lm2) having
a refractive index 1.435876, with respect to ArF excimer laser light
(wavelength A = 193.306 nm) which is the operation light (exposure
light), is filled in an optical path between the boundary lens Lb and the
submerged plane parallel plate Lp, and an optical path between the
submerged plane parallel plate Lp and the wafer W. All the light
transmitting members (P1, L1 — L22 (Lb), Lp) are made from silica glass
(510,) having a refractive index 1.5603261 with respect to the operation
light.

[0044] In the following Table (1), the values of data of the
projection optical system PL according to the present embodiment are
shown. In Table (1), A is a central wavelength of exposure light, B is a
value of projection magnification, NA is a numerical aperture at the
image side (wafer side), B is a radius of the image circle IF (maximum
image height Ym) on the wafer W, LX is a dimension of the static
exposure area ER along the X direction (dimension of long side), and LY
is a dimension of the static exposure area ER along the Y direction
(dimension of short side). The surface number shows a sequence of the
surface from the reticle side, r is a radius of curvature (vertex curvature
radius: mm in the case of an aspheric surface), d is a space of each
surface on the axis, that is surface separation (mm), and n is a refractive
index with respect to the central wavelength.

[0045] Table (1)
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-2992.366  96.198 1075.262 238,222 -133. 879 39. 859

19.156 14.004 42.051 14.000 39.560 12.000 1.5603261

1.5603261 1.5603261 1.5603261 (L8) (1-9) (L10) (L11)FpP6-0489-00
24* 248.570 31.009  25* -309.992 15.000 1.5603261

(L12)

(Main date)

A=193.306 nm

p=14

NA=1.00

B=Ym=13.4 mm

LX=26 mm

LY=35.5 mm

(Optical component data)

Surface No. r d n optical member
(Reticle surface) 50.000

1 o0 8.000 1.5603261  (P1)

2 0 5.225

3 -1943.233 12.000 1.5603261 (L1)

4% 191.125 47.012

5 -104.228 42.945 1.5603261 (L2)

6 -470.767 1.000

7* -542.622 39.860 1.5603261 (L3)

8 -202.724 1.000

9 -1066.606 49.498 1.5603261 (L4)

10 -257.416 1.000

11 2900.000 53.600 1.5603261 (L5)

12 -376.177 1.000

13 254.290 54.884 1.5603261 (L6)

14 927.490 1.000

15 192.047 50.000 1.5603261 L7

16 405.266 1.000
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10 26 00 9.148
28 -176.320 1.000

17 230.501
18* 322.792
19  -2992.366
20 96.198
21 1075.262
2 238222
23 -133.879
24% 248.570
25%  -309.992
26 ”
27% 737276
28 -176.320
29 1040.000
30 451.186
31 725.000
32 -697.471
33 503.559
34 281.163
35 724.563
36 -564.358
37 372.647
38 -1424.995
39 196.339
40 498912
41 147.694
42% 185.195

27* -737.276 51.000 1.5603261 (L13)

29

39.859
19.156
14.004
42.051
14.000
39.560
12.000
31.009
15.000
9.148
51.000
1.000
48.704
1.000
48.768
3.000
30.048
111.150
54.923
1.000
56.556
1.000
41.207
1.000
36.513
1.000
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1.5603261 (L8)
1.5603261 (L9)
1.5603261  (L10)
1.5603261  (L11)
1.5603261  (L12)
1.5603261  (L13)
1.5603261 (L14)

1.5603261 (L15)

1.5603261  (L16)
1.5603261  (L17)
1.5603261  (L18)
15603261  (L19)
1.5603261  (L20)
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1040. 000 48. 704 1.5603261 (L14) 30 -451.186 1.000
15 31 725.000 48. 768 1.5603261 (L15) 32 -697.471

3. 000
43 147.798
44 216.307
45 238.988
46 w0
47 ©
48 0
(Wafer surface)
(Aspheric data)
Fourth surface
k=0

C,=—1.48452x107
Cg= —2.78621x107"¢
C,=—1.19751x10%
Cie=—5.16714x10™
Seventh surface

k=0
Cy=—1.27342x10®
Cs=—4.26931x10™"
Ciz=—2.06887x10™
Cis=—1.78415x10™
Eighteenth surface
k=0
Cy=—1.79752x10°®
Cs=—3.82843x10°"
C,=1.96652x102
C16=7.72530%x10"
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2.256

52.775 1.5603261  (L21)
26.298 15603261  (L22:Lb)
3.000 1.435876 (Lm2)
20.000 15603261  (Lp)
3.000 1.435876 (Lm1)

Ce=15.65923x1072
C1=2.37952x107%
C1,=1.82016x10%

Cs=2.18802x10™"
C10=4.55926x10"2
C1s=1.46041x10"

Cs=1.95237x107"*
Cio=—3.85072%10%
C1y= —3.59987x107!
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Twenty-fourth surface

k=0

C,=1.86641x10" Ce=—2.48589x10™"
Cg=—3.40085x10™"" C10=1.20901x10%
Cra=—4.99726x10% Cia=—4.18254x107%
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C16=2.90453x10
Twenty-fifth surface
k=0

Cy= —4.42908x10®
Ce=—2.17933x10"8
Ciz=—5.89781x107
Cis=—9.31891x10™"
Twenty-seventh surface
k=0
C,=1.28473%x10"
C3=3.27024x10™""
Co=—3.12141x107%
Cis= —3.63752x107
Fortieth surface

k=0
C,=1.37642x10®
C;=8.14751x107"®
Cp,=1.89052x10%
Cs=1.24235%107
Forty second surface

k=0

Ce=3.24465x107"2
C10=3.09914x10™!
C14=1.44812x102

Ce=—1.52185%10"
C10=2.96321x10%
Cu=1.24069x10%

Ce=7.52294x107"
Cro=—2.38664x102
C14=—5.72857x10
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20 36 -564.358 1.000 37 372.647 56.556 1.5603261
(L18) 38 -1424.995 1.000 39
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Cy=—4.67034x10° Cs=—9.90580x10™"
Cg=—5.14638x10™"® C1o=1.69872x10"!
Ci=—1.07534x10% C14=5.68180x10™

Cis=—1.53908x10"

[0046] Fig. 5 are diagrams depicting the lateral aberration in the
projection optical system of the present embodiment. In the aberration
diagrams, Y indicates the image height. As the aberration diagrams in
Fig. 5 show, in the present embodiment, aberration with respect to the
excimer laser light of which wavelength is 193.306 nm is well corrected
even if a large numerical aperture (NA = 1.00) at the image side and a
relatively large static exposure area ER (26 nm x 5.5 mm) are secured.
Therefore according to the present embodiment, a high numerical
aperture at the image side, that is 1.00, with respect to the ArF excimer
laser light of which wavelength is 193.306 nm, can be secured and a 26
mm X 5.5 mm rectangular effective exposure area (static exposure area)
ER can be secured, so a circuit pattern can be scanned and exposed in a
26 mm x 33 mm rectangular exposure area at high resolution.

[0047] In this way, according to the projection optical system PL
of the present embodiment, a relatively large effective image forming
area can be secured while securing a large effective numerical aperture at
the image side, by including pure water (Lml, Lm2} having a large
refractive index in an optical path between the boundary lens Lb and the
wafer W. Also the submerged plane parallel plate Lp is disposed in the
optical path between the boundary lens Lb and the wafer W, so even if

pure water as immersion liquid is contaminated by the photoresist coated
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on the wafer W, for example, contamination on the optical surface of
the boundary lens Lb at the image side by the contaminated pure water
can be prevented by the function of the submerged plane parallel plate
Lp included between the boundary lens L.b and the wafer W.

[0048] Fig. 6 is a diagram showing a general configuration of the
characteristic key sections of the projection optical system according to
the present embodiment. As Fig. 6 shows, the submerged plane parallel
plate Lp is supported by a first support member 31 using aconventional
mechanism hold method. The boundary lens Lb, on the other hand, is
adhesive-supported by a second support member 32 using an appropriate
adhesive (bond). This is because in an immersion type projection optical
system having a high numerical aperture, an optical surface at the mask
side must be a convex shape with a small radius of curvature, in order to
prevent a total reflection of lights which enter the boundary lens Lb, and
the thickness of the outer edges of the boundary lens Lb becomes very
thin.

[0049] To an optical path between the submerged plane parallel
plate Lp and the wafer W, an end of a water supply/discharge nozzle 21a
of the first water supply/discharge mechanism 21 is directed, and pure
water, as the first liquid Lm1, circulates through the optical path between
the submerged plane parallel plate Lp and the wafer W by the function of
this water supply/discharge nozzle 21a. In the same way, to an optical
path between the boundary lens Lb and the submerged plane parallel
plate Lp, an end of a water supply/discharge nozzle 22a of the second
water supply/discharge mechanism 22 is directed, and pure water, as the

second liquid Lim2, circulates through the optical path between the
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boundary lens Lb and the submerged plane parallel plate Lp by the
function of this water supply/discharge nozzle 22a.

[0050] Also at the end of the water supply/discharge nozzle 21a, a
seal member 33, for preventing the outflow of the pure water Lm1 from
the optical path between the submerged planc parallel plate Lp and the
wafer W to the outside (inside the projection optical system PL and
wafer stage WS side) is installed. The seal member 33 is formed by
water repellent fluororesin (preferably an clastic body). The seal
member 33 has a triangular cross-section, for example, and the tip
thereof contacts the non-tapered portion 41 of the side surface of the
submerged plane parallel plate Lp.

[0051] The side surface of the submerged plane parallel plate Lp
is an external side surface excluding the surface at the wafer side and
surface at the mask side of the submerged plane parallel plate Lp in the
area outside the effective area (area where effective image forming beam
passes through, that is an area inside the image forming beam Le at the
outermost edge) of the submerged planc parallel plate Lp. The non-
tapered portion 41 is a portion on the side surface of the submerged
plane parallel plate Lp excluding the tapered portion 42, that is a portion
which includes a plane substantially parallel with the wafer W. The side
surface of the boundary lens Lb, tapered portion 43 of the side surface
of the boundary lens Lb, and non-tapered portion 44 of the side surface
of the boundary lens Lb can also be defined in the same way.

[0052] Also at the end of the water supply/discharge nozzle 22a,
on the other hand, a seal member 34, for preventing the outflow of the

pure water Lm2 from the optical path between the boundary lens Lb and
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3.000 20.000 3.000 1.5603261 1.5603261 1.435876

1. 5603261 1.435876 (L21) (L22:Lb) (LnmR2) (Lp) (Lm)

(Wafer surface) (Aspheric data) Fourth surface 10tcs _ _
CA= -1.48452x10-7C6= 5. 65923 x10-12 C8= FP06-0489-00
-2.78621x10-16C10=2. 37952x10-2 Ci 2= -1.19751x10- 24Cn¥

1. 82016x10- 28 Cl6= -5.16714x10-33 15Seventh surface

lc= 0 C4= -1.27342x10-8C6=2. 18802x10- 13 C8=

_the? 6B 2ed 8 pldrt PaAAEK Ma&? Lp to the outside (inside the
projection optical system PL and wafer stage WS side), is installed. The
seal member 34 is also formed by water repellent fluororesin (preferably
an elastic body), and just like the seal member 33, has a triangular cross-
section, and the tip thereof contacts the non-tapered portion 44 of the
side surface of the boundary lens Lb.

[0053] As mentioned above, the seal members 33 and 34, as liquid
prevention means, are made from a material which tends to deteriorate
by the irradiation of exposure light. Therefore the seal members (33, 34)
casily deteriorate by the irradiation of flare light, and as a result easily
causes the deterioration of the image forming performance of the
projection optical system PL due to the outflow of immersion liquid.
The boundary lens Lb is adhesive-supported by the second support
ﬁlember 32, but the adhesive function tends to deteriorate when the
adhesive support area 35 of the boundary lens Lb receives irradiation of
the flare light, and as a result, the image forming performance of the
projection optical system PL deteriorates due to the positional deviation
of the boundary lens Lb.

[0054] Therefore in the present embodiment, a light shielding film
36, for shielding the passing of exposure light, is formed from a tapered
portion 42 to the non-tapered portion 41 of the side surface of the
submerged plane parallel plate Lp. Also on the surface at the mask side
outside the effective area of the submerged plane parallel plate Lp, a
light shielding film 37, for shielding the passing of the exposure light, is
formed. Also a light shielding film 38, for shielding the passing of the
exposure light, is formed from the tapered portion 43 to the non-tapered
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Cl2= -2.06887x10-26C14= 1.46041x10 20Cl6=-1. 78415x1035
Ei ghteenth surface tc= 0 C4= -1.79752x10- 8C6=

1.95237x10- 14 C8= -3.82843x10- 18C10= - 3. 85072x10- 22 £p0g-0489-00

25C12= 1.96652x10-26C14= -3.59987x10- 31

C16=7. 72530x10- 37 FP06-0489-00 Twenty-fourth surface
lc= 0 C4= 1.86641 x1 0-8C6= -2.48589x1042 C8=

- 3.40085x10- 17C10= 1.20901x10-20 5C12=

%ﬂoﬁ'ﬁo—iﬁﬂ#l&: 2MeGlide sdrfaé@ 54K i B 2128493 X Herd3the light
wenty-fifth surface K=0 C4= - 4.42908 x10-8C6

=ghi2lidifig bt 36 18&arc dishokéd3Id as to shield the flare lights which

x10- 18C10=3. 09914x10- 21
reach the seal members 33 and 34 and the adhesive support are 35.
[0055] As described above, the flare lights reaching the seal
members (33, 34) and the adhesive support area 35 are shielded by the
function of the light shield films (36 — 38), so the deterioration of the seal
members (33, 34) as liquid prevention means and the deterioration of the
adhesive function of the adhesive support area 35 substantially do not
occur, and therefore the deterioration of the image forming performance
of the projection optical system PL, due to the outflow of the immersion
liquid and the positional deviation of the boundary lens Lb, substantially
does not occur. In other words, in the case of the immersion type
projection optical system PL according to the present embodiment, the
outflow of the immersion liquid (Lm1, Lm2) to inside the optical system
and to the wafer stage WS side and position deviation of the boundary
lens Lb are stably prevented, and good image forming performance can
be maintained. Therefore in the exposure apparatus of the present
embodiment, a micro-pattern of the mask M can be projected and
exposed to the wafer W accurately and stably using a high resolution
immetrsion type projection optical system PL, which can stably prevent
the outflow of immersion liquid (LLm1, Lm2) to inside the optical system
and to the wafer stage WS side and positional deviation of the boundary
lens Lb, and can maintain good imaging performance.
[0056] Generally an absorption film or reflection film can be
selected as the light shielding film. However, when the immersion liquid

is water, the manufacturing of a reflection film, which has good water
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Cl2= - 5.89781 x10-25Cl14= 1.44812x10-28 Cl6=
-9.31891x10 Twenty-seventh surface icO 15C4=- 1.28473

x10-8C6= 1 .521 85x 10-12 C8 = 3.27024 FP06-0489-00

x10-17C10=2. 96321 x10-21 Cl2= -3.12141 X10-25Cl4=
1. 24069x10-29 Ci 6= -3.63752x10-35 Fortieth surface
20K=0 C4= 1.37642x10-8C6 7.52294x10-14

C8=8. 14751x10-18C10= -2.38664x10-22 Cl12 = 1.89052x1

OreXpstadee -dnd’ d8highl tefldctaiées chaP#ildaxtle)- BoveébFdiffyicult. An
second surface K=0 C4= -4.67034x10-8Co6=

- lenbRex 1ol 3 féi8 example 6Bax hOhIBClefetabeB thadddtistic, but

G 2= -1.07534x10- 25C14=5. 68180x10- 3
oxidizes by water, so using it is impractical. Therefore in the present
embodiment, it is practical to use an absorption film as the light
shielding film. In this case, in terms of resistance against the
deterioration of the seal member or adhesive support area by the
irradiation of flare light, it is desirable to cover the entire arca around the
seal member or adhesive support area with the light shielding film.
[0057] On the other hand, when a light shielding film is formed
over a wide range, the heat absorption quantity of the flare light in the
light shielding film increases, which increases the temperature of the
optical elements (lenses, plane parallel plates) and immersion liquid, and
deteriorates the image forming performance of the projection optical
system. Therefore an appropriate range of forming the light shielding
film must be decided considering the deterioration resistance of the seal
member or adhesive support area and the influence of a temperature rise
of the optical elements and immersion liquid.
[0058] In the present embodiment, the following Condition (1) is
satisfied in order to form the light shielding film (particularly the light
shielding film 36 closest to the wafer W) in an appropriate range. In
Condition (1), D is a space between the wafer W and the light shielding
film 36, ® is a maximum incident angle of the image forming beam
which reaches the wafer W, and Ym is a maximum image height on the
wafer W,
0.25<D/Ymxtan® < 1.7 (1)

[0059] If Ym x tan® is less than the lower limit of the Condition
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Ci 6= -1.53908x10-34 5 [0046]Fig. 5 are diagrans
depicting the lateral aberration in the projection

optical system of the present enbodinent In the FP06-0489-00
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the aberration diagranms in Fig. 5 show, in the present
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side surface of the submerged plane parallel plate Lp when the
illuminance on the wafer W is 4W/cm?®. The wafer illuminance 4W/cm?

is the illuminance assumed as the maximum in the specification of the
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plate Lp and the wafer Wto the outside (inside the
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is installed. The seal nenber 33 is formed by water
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“&¥side the projection optical system PL and to the wafer stage WS side.

Here when the seal member 33 or 34 contacts the submerged plane
parallel plate Lp or the boundary lens Lb as the light transmitting
member, surface deformation is generated on the optical surface of the
light transmitting member (Lp, Lb) due to stress by the seal member (33,
34), and a transmitted wavefront aberration is generated in the light

transmitting member (Lp, Lb). The transmitted wavefront aberration due
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light transmitting support member is s, the standard deviation of the

transmitted wavefront change quantity s for the plurality of seal
members is regarded as the transmitted wavefront change quantity S.

[0066] In the above embodiment, the submerged plane parallel
plate Lp is disposed in the optical path between the boundary lens Lb
and the wafer W, but the present invention is not limited to this, and a

configuration where installation of the submerged plane parallel plate Lp
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prevent ed, andm%god i mage form ng performance can be
naievhanisen, Whishefior aot nillustrateghossr direptesk annd phure hwater
present enbodiment, a mcro-pattern of the mask M can

béinpmejsion edaten) Lempeisaidates thireughfthe thawdmzahebth the

stabl using a high resolution 20 inmersion ty

onenptlile aand ytbeemater Whitgh thanfunclisny qfr thianwater
the outfl ow of immersion liquid (Lm1, LnR) to inside
tﬁ@@yfd@dnmgﬁmfaﬁﬂato the wafer stage WS side and
positional deviation of the boundary_lens Lb, apd_can

mi0R i n godd theegich gaﬂ@ﬁ%wy disteres Aozalq 33am seal
Zgic’é’xﬁ 8§h{ﬁl)rlslrﬁrn¥93{e@|cﬂ|%fgl ﬁ_‘ctl o&ﬂm@\fg cilan be 255e| ict qi(rjom the

i mer onll%1 idis., wate

r @PHigRk path i W{Femh@hfﬁﬂa@d%ag&e%m Catnﬁ? 62 olitiet o to the
r eSJg; %?R nd[hg&%lo qt}q}{ﬁef I e% Cﬁg’sfeg?r a%[d Sti Ssitzgge WS
mai?@pre“ RERE e S tq'rifi.@ N fodped @ﬁi\ﬁ%&eﬁgepeﬂent
DBEBFHesti WrHTaLy, pb Flashie"BoHSEI DR ETRAR.  whish ches 2
ol SFORERGaioEr Aid e RO RIARR0F (<o el b BPered
| phAtlrd0Brohel Lake dirfhle bF the WIBHIAAP 8L 6OV Ehe light

e entire area aroun esive

SRR, 5 b IO 60 LD 6 b ORSHOY g i
B A gl E?ﬂ%ﬂ??ﬁf)ﬁgth Jrid6Blon
mﬁ?%eﬁ?@%‘?ensest%n par a e H%ﬁe;tpgsl@{ g?élﬁrm,gr fsillr(r)ln53 18
o?ﬂ;;bbged 38 %s%ts?ﬁélﬂrlﬁb%kn%HtrWEch fé’a@h@g tResdAHABRRY 52

he projection optical tem herefore an

aphd adhbstie Sﬁgggﬁﬁgafsqrm ng the light shielding 15
filmnmust be ci ded considering the deterioration

r p3068Jance P thizewa ?ain ABEREL SodificaEbM EnSPIR @ bis avé€ld the

and the influence of a tenperature rise of the optical

eflare ight avliichnisachedthe isaall thenhB&582 Iand tiee RdResivE support
enbodi ment, the follow ng Condition (1) is satisfied

i arear S cah el shisldedeby itlgh fusdtict of tige 1ighmshielding film 53, so
(particularly the light 20 shielding film 36 cl osest

t thet lletevddratioW) of nharseabphentbert 82 rand ¢he | detedoritiorowf the
(1), Dis a space between the wafer Wand the |ight
shielding film36, 0 is a maxi numinci dent angle of

the i mage form ng beam whi ch reaches the wafer W and
Ymis a maxi mrum i mage hei ght ,en the wafer W 250. 25 <
DYmx tans < 1.7 (1) [0059]i3 Ymx tan(r) is less

than the lower Iimt of the Condition
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FP06- 0489-00 (1), then the space D becones small, and
the light quantity of the flare Iight, which reaches

the light shielding film36, beconmes too high, becausppe-0489-00

of the reflection on the wafer Wsurface. As a result,
the heat absorption quantity of the Iight shielding
film36 increases, and the 5 inmage form ng

performance of the projection optical system PL

datikedioe Fupstibn éhehd adhesiat LHL@)FO@@ afas §4odubistentially do not .
subnerged plane parallel plate Lp and i mersion |iquid
(botur, arid theseforn delerioratiodsof hhe Upperingi petfonhahbe of the
Condition (1), on the other hand, the space D becones

| projectiendpttival spstgm PL, duentortheadutflosy bit gind irmnersdimliquid
film36 becomes too 10 narrow. As a result,
dendrpositivnalndefiatior ofethe bomdary 1668 L 4nbstadtially does not
deterioration of the adhesion function cannot be
soppues sk thefdasei efithy, fizst onpdeficatire ihoFig.n§ as well, it is
performance of the projection optical systemPL
dpreferahlate satisode (Eﬂnértmm(lt)dgefmmng thedighishdelding film
mentjoned effects even better, 15 it is preferable to
séB inhan lappeepriatei tange, and toosatisty dhe ondigion. (35 tansppress
the upper limt to 1.4. Actyally in this enmhodi nent,

t e tgnsmitted svaalrent aberratior @gnerateddn|thedioundary lens Lb
nmenti oned reason. The xi mumincident angle 0 is '
adBato firess gﬁ@h@égal HE/ qxém{;w; mage height Ymis

0R6ST on " 1y e atigve STbAMERPIBOBS Mpshanicab held method is
0 b K SR B ST b 1oL Eftor
%laa BSi 1 | Pt Rieient QenHan: bh AohATEHES 1 TbRe BUL the
suahaete mihe T iRl did) [p. %Y M adigve sipborted using
S0 Y O e LB G o o
HEbTAR Gipl RIrAnE bbby 1) st 1€ nghe 2 Whichheaches the
T8y Y, G b0 R B O i

SXﬁfeTﬂ%ch is about D=6 mm- 7 nm Therefore in the
présent enbodi ment, the space D between the wafer W

a e lig S [ j ’arﬂfﬂ [ .
f[(?)brr?q}he tagltérgga pé(;Brﬁegn E&tﬂcgﬁ%ﬁg non-@ggﬁ(‘éé&ﬁ{)ﬂgf??%nhght

A (39258 R Mo IR Borden 35 62Fo the

s 'set "'to

i hbﬁffhgéit‘éﬁi:p&?tﬁfrf '@Htﬂ'lg%f‘%ﬁetsﬁfe fshpfRe! bPtte BBUSdary lens Lb.

reache side surface of the subnerged pl ane

PThal light @ﬂli@l(ﬁngpﬁlrfloj@%%ﬁhéﬁ frBnt e RaSSEePbrtion 4% to the

enbodi rent, the followng Condition (2) i's satisfied.

| Aohhapé&id pbitidn () ofSHeSsidlel r aiFadd t off thevaibmeiged plane
change quantity of the subnerged plane parallel plate

L aﬁrlldl)@illﬁléaﬂl?, arehthd BghnslibRlingflnBgrie fohtcdwWimticoadface
e

pl ane parall plate Lp or boundary |lens Lb and the

Sﬁaltheremaek sideooutdide ahe aeffective tdrea usf theXsushérpeid plane
t he

parallel plate Lp. However, the present invention is not limited to this,

but various modifications are possible for the position and range of

34
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15transm tted wavefront change quantity S, mX is
1/ 1000 of the wavelength X of the light, and RIMS is

the root nean square. S < 7 nmX, RM5 (2) [0063] The P06-0489-00

Condition (2) specifies the installation tolerance o

the seal nmenber 33 or 34 for preventing a |l eak of the

imrersion liquid into 20 inside the projection

optical systemPL and to the wafer stage W5 side. Here
aEhteibRlingJilet. Serroallpdh the bousdarplerdlb and

pl ane parallel plate Lp or the boundary lens Lb as the

| tighsubbmansed planegparativbplate Urp,ahe lijgft shieldimy fils: is formed

generated on the optical surface of the |ight

t irmmsTappropgiate pusition and_b) atueppopsiatesanpy dfhat demt one

menber (33, 2534), and a transmtted wavefront

aberfaee oot of thgsnefagtent the mask kidghthe sarfaoe tat ithe wafer side

menber (Lp, Lb). The transmtted wavefront aberration

dand ﬂﬁ@e'ﬁﬁog 200 ouisslerthesfhyctiviecarsaal nenber (33,

34& can be corrected by adjusting the position and

of0&Ak]at i onAdsotinethepabeet cortodiment (andy modificption, the seal

constjtuting the grojectjon optical system PL, or

usiambens §3phedi coZuraracinstallich qsnbicuiad preventien means for

optical_ surface (e.qg. lens surface). 5[ 0064] However, .

i preventings tgientnyd r vigteraban} dnteingideephithel prajection

the light transmttin nber (Lp, .Lb) due to the .

soptsal systemePLEebut n@%ﬁﬁ 0(f$[¢l§smqali meptjess (33nddh, 52), or in

cor,recti on _becones difficu ng t

 AdHEianta S Rl IRIEDE (oS o). heHber r@gegfeniiimg@onal

as.,to sati,sfy the Condjtion , I he ansni tted

e bepormed G dhe b@uri@wrt@ss ﬁ» gpd sybperged plane
menb 3, (34) can be decreased to a range where the
ab sz‘%%i@tpgr{éd correction nethod can be used.

BT cnoebow g SRR FGIIEBR, onfEbch - By, TEellent
AT B REh0ET s h N et oBiPor heBBP HRL R il the
T e L e
EL g o el eEaE FhTis forffid 5 rribuatn et neans
R et R N AR AR o R i R Rrellon quggns, il be

Pl tidd wilh R68lenBTHE S goNtacts the 201 i ght

ransmtting support nenber is s, the standard
deyoA4] on oFighe is a diagram showing a general configuration of a

characteristic key sections of a projection optical system according to the
second modification. In Fig. 9, composing elements having a similar
function as the elements in Fig. 6 are denoted with the same reference
symbols. In Fig. 9, differences in the configuration from the above
mentioned embodiment in Fig. 6 are that the space between the water
supply/discharge nozzle 21a and the side surface (tapered surface ) of

the submerged plane parallel plate Lp is a micro-space, and the water

35
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transm tted wavefront change quantity s for the
plurality of seal nenbers is regarded as the

transmtted wavefront change quantity S. [0066]In theppe-0489-00

above enbodi nent, the subnerged plane parallel plate
Lp is disposed in the optical path between the
boundary |l ens Lb 25and the wafer W but the present
invention is not limted to this, and a configuration

whgsetldnt stuictidhbPriled 71hés Sobfedoed thkagidepaiafd® (tapered

plate Lp FP06-0489-00 is omtted is al so possible, as
s howtion A2) lof the sabmwpged piaid parallel plae L, sonad toeprevent the

first nodification in Fig. 8, the boundary lens Lb is

adoeloweoSthepontredsiby lideidsupdofiomeh® epticil patinbetaveen the
appropriate adhesive. To the optical path between the

beubnherged FlmleLIimuaﬂdl plate \af and Ve wadereWe to Shebutside (inside
wat er supply/di scharge nozzle 23a of a water

s tipp pydjdrsoh apiralsybtent $h), wnidcthat thaspacd bobveat ¢t water
is directed, and pure water (immersion water) Lm

c supplyadisshatgempprle R2acptd thet bpundadyelensdrb iha micro-space,
boundary | ens Lb and the wafer Wby the function of

t ahd thatveates ugpsllondi fuontionel fibnzi2 19 8rmad poobe]side t sirface
end of the water supply/discharge nozzle 23a, a seal
néteperedportiasy 43) @f/ﬁra %wgldaw lens Libgsp @s te preyentehe outflow
water Lmfromthe optical path between the boundari/)

| @hshe pmmersiondiquridel-m2 from the eptiealqathibetwgen e boundary
projection gptical system PL and wafer stage W5 side), .

i éensqﬁ,faaande e syfuneegad drargic Efaﬁ% Lt the ﬁuwg% kinside
repel l ent , 15 f.l uproresi preferably an el astic

b ?FOJF’%?O%QHFFSP&Y as a triangul ar

Rt T Sl T e—
ORBIR A b TRE bk Sk LR S ppveen
e
"5 DA R M Bhch B BB AP Bb e
ARy BRI BHON P Grh PR st Lz,
| BELSiAL 0 U SRR ol PR RIS of e
L4084 Spyphy R Bl oSSR ESigo e of the

deterioration o
gsﬁt&ﬁﬂg%%?gﬁl@baﬂlfel @%@@L 18P Be 'v?-a[.fy *Eél‘e‘nfg? water

h
I ve support area 54 substantia

geeégé]r oleﬂ't”fﬁnéﬁ@ﬁﬁf Alfs 98t &fid TaktOforied BBt OARE ioﬁg%le tapered

rmance of the projection optical system'PL, due
t poktiensL 1R driv4af bub@ldd BRI thieOon-tapered asusttivasadjaedd to the

devi ati on of the boundary |ens Lb, "substantially does
Nedpered portion 42 and the non-tapered portion adjacent to the tapered
portion 43.
[0075] The water repellent function films 71 and 72 tend to
deteriorate and lose its water repellent function by the irradiation of the

exposure light, so in the second modification the light shielding film 36,
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5 occur. In the case of the first nodification in Fig.
8 as well, it is preferable to satisfy the Condition

(1) for formng the light shielding film&53 in an  Fpp6-0489-00

appropriate range, and to satisfy the Condition (2) to
suppress the transmtted wavefront aberration

generated in the boundary lens Lb due to stress by the
seal menber 52 to be |ow. 10[0069]1n the above
efivodhigtding the pmh?i&am@@x@m&d' itS isSRAmied from the
support the subnerged plane parallel plate Lp by the

f tapsired poption 42etddic Adn-taper miors4 biofi theeside osuriface of
not limted to this, but the submerged pl ane paralle

ptlet submerged planapaesilisleplatepbpr ted thislight elpietdipgi fihe 37, for
adhesive. In this case, it is preferable to
adhtieldingafhleypdssing af Expoisgie light,elsdiompetdi omthé surface of the
necessary so that the flare |ight which reaches the

atttaski side sutgide thaefactve ahea elitheeswedergedrelapaparaldd] plate
plate Lp is shielded. [0070]In the above enbodi nent

ahe, msdiasi toashiehd exposirgHighthwdich mgachesnthiasyass)repellent
faormed fromthe tapered portion (43, 62) to the 20
néwnetignal ddmsof 1 pad 72as ﬁ@l)lq@ud prexentign meansesddp prevent
the boundary | ens Lb. The light shielding film36 is

f getestoratiomaliibe twigler repellefungtipnak tdilsmﬁ ol eng de gAlso the

okt SBiclging dlimp 3%, Ao hielig the pisaien g1 GrpRsare light is
o f8Eed JEora B 1BPOCADGUSHER 330 by 8- BBSELPPEI oAy of the
e r -

tRide SBfece 06 BELaeRY kB Bhs are possi bl e for the
ST g™t A RS FOOYS: PReBoUHEaR PG FEastL e water
AR o g R2 G anf 7%3' af;‘rts‘?lahi%pstq[biv ﬁkﬁﬁ@c&@n of the
ol A flaRE P L@fj@?ﬁgg kdeif@gfa?fqtve B P alraflf irepellent
LAARISH S (TR0 T T ARS8, dahhSpsapgialy
'THB# ! ﬁ@f | Qur! Bads Qﬁ!aréfﬁf%) Sictefidtatiot o 4he 2ifiage forming
installed asufqu|d prevention neans ftor preven?gng

¢ ; o L poide
P IEpSlon uch LA DS ok, e uiflow of
SEH | S
28, IR0 ohc, Sborgallflioef pot BB, il fhek WOrS the
f yAgidrofom tfpd gt@%ﬁ@ﬁ (f);l‘j’t‘iéﬁlds NPT Paeesiding [t8thelSecond
and subnerded plane parallel plate Lp. [0072]%\Iow a
sffsdificaieh | tHeadn@low \WTahe itheisesn TRREA I(BRALL, Lm?2) to inside

functional filmis fornmed as |iquid prevention neans
f of the @ptivhl RYstehe and the wafer stage WS side is stably prevented,

and good image forming performance can be maintained. Therefore in
the exposure apparatus of the second modification, the micro-pattern of
the mask M can be projected and exposed on the wafer W accurately and
stably using the high resolution immersion type projection optical system

PL, which can stably prevent the outflow of immersion liquid (Lml,
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15 entry of the pure water Lml into inside of the
projection optical system PL and a |ight shielding

filmis forned as deterioration reduction neans for FP06-0489-00

reduci ng the deterioration of the liquid prevention

nmeans, wWill be described with reference to Fig. 9.
[0073]Fig. 9 is a diagram show ng a general

configuration of a 20 characteristic key sections of
aIRhD) &5 inside OPthE @btiééﬂs SiteRCed @ e Lafeh ﬁagé_‘«WSjside and
nmodi fication. In Fig. 9, conposing el ements having a
sipasitisnal deoidtim ebtlidBoeh@1bas Db, Bhd miirdae gendifdging

with the sane reference synbdls. In Fig. 9,

dipkfforages. | nThee lighf lshi&ldiﬁgnﬁimo@cbbﬁiiﬁgmt@ the second
ment i oned enbodi nent in Fig. are that the space
bediydificatiba iwefoemedSsalppl ty dhitixfhahgabmwzezirentibacdGondition
the side surface (tapered surface ) of the subnerged

pl B escpthat| detbripration bf the imagingopendamranandfithe projection
wat er FP06-0489-00 repellent functional film71 is

f optred] systemePkiisiprevented.e (tapered portion 42) of the
subnerged pl ane parallel plate Lp, so as to prevent

t h@0BTL f | owlofthehgedomde nsadification; the subfmerged plane parallel
optical path between the subnerged pl ane parall el

pplate LLp iardisposedir the wptisal petgrobtet;wq@l adictadasy tless Lb
projection optical systemPL), and that the space .
bendsha waler Wt but $he prosemt davientien ipngt npted tmehishbut the
boundary lens Lb is a m cro-space, and the water

r epafigsiatign where e istaliation pgthwmetg@d plangipgsallel plate

DR QiAo MSSUIs 1S BhE Wether kLT fiFdipan Fig,
[B0andit Fig < bmepiosiia erishar fai it ateilap Hotings e the
i de (.inside th [ ect.i tical t PL) . .
By o S B RLA S SRR Porendn e
raloe idarepeds' f J « CORFRLBHiG oML {HEaBar? aeenfioned
th . | wh.di sgh le. 21 d, t 15,sid
SRRt 1B S Foctréor BRE” iic 2MPaf pptiicer, 1R, ater
b [ fiunct i I
¢ FrBp AR Rlrae Al g7 gt beb RSB 10 Fh B0 8grapace
, , : - ;
- BA36E JRREFepcfet B Bobl ShAPS 65068 R e pptace
- |
o tsiserey POC6R ROChaR byl SRR bF) of 3le oyndary lens
fil 7 t :
| Lo 395t den fhd BGAEYTI (RN HoAGRPLEAREL S rom the
Peptical path FkWeehOthe BoliRSHE qelﬁ’f Tt %d”'%é@'\gafe?ew to the
noh-tapered portion adjacent "to the tapered portion
43utdi@O1Ghae et ?foj'é@ﬁ@h' Sgﬁczil_u B64tbAT PTLY, ™SAAd A4hd Zhird
tend to 25deteriotate and lose its water ‘repellent
f wisditiention dshwell! hasiiatdHisidhg ltﬂlﬁ1 SRPFSH Elﬁe!ldliﬁgitﬁhrenﬁ%ssing

in the second nodification the light Shielding
36f exposure light, is formed from the tapered portion 62 to the non-

tapered portion 61 of the side surface of the boundary lens Lb. Here the
light shielding film 53 is disposed so as to shield the flare lights which
reach the water repellent functional film 73.
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FPO6- 0489-00 for shielding the passing of the exposure
light, is fornmed fromthe tapered portion 42 to the

non-tapered portion 41 of the side surface of the Fppg-0489-00

subnerged plane parallel plate Lp, and the |ight

shielding film37, for shielding the passing of

exposure light, is forned on the surface of the 5 mask

side outside the effective area of the submerged pl ane

prag7glel bl M ehd mhird anadificutivh B Bigxi@aueell) o flare lights
ichreaches the water repellent functional filns 71

anhidR reach ke lwaetr depelatanfurationadfim J3dateoshictdahby the

deterioration of the water repellent functional filns

7 furestibry 2f thles ighb eshii¢ldinig Sliinel 58, ngp fddteni@@itionr of the water

shi el ding the passing of exposure |ight is 10forned

f repellene fuapgoral fitmt V3 rsubStantiallyedoes nbhpecer], sud therefore

44 of the side surface of the boundary |ens Lb.

[ deeioratide oftheé anaghyy perfotreantané the projectitn opticebsystem

the water repellent functional filns (71 and 72) are

sRiLg| diwd tdthe rmitflome ©if dhe oimmisesiphghquish sevstanigalfy (daes not

(36 - 38), the deterioration of the water repellent 15

f opewt. oAdgo i thesthirdimonification eFig.dd) as picbly énisipsaierable to

means_ substantially does not occur, _ and . therefgre

dsatésfyothe iGenditionh£1) tagioma ifienfighbrshieldbng ofibn $Bein an

projection optical systemPL, due to the outflow of

t ABPTOPFENe rdis-i qui d, substantially does not occur. In
LA “She et Repbiensb st o b TR oo, o
out.f| ow of tgqe imersion liquid,(Lm1, LnR .to_%&si del. d
opﬂpﬁg\gg&qec -SsySHRR t% CYMi% 1L REE8 ARy 1S A
S G5 R L S SRS et b
sk AR BRI A USROS T Bl scp
A S AR Bl 1 PR B o
BBlossBETE ubstfeg g #Q%&fqﬁﬁéﬁ%@?%é%ﬁ'ai‘ %&g%eé%ﬁgfm
RV LB LA SRR st Bevic
2B IR idb By g S AL ARER Bl g MR
SR\ PILISRSGO LheRcS hing 3! iR eSRALONS the

ﬁggelss;éﬁt E&Boﬂiﬁ{eﬁv,%ng fe degg&%%a Ryitfefe the flow chart in

0

I cation, e subnerge ane parall'el plate Lp 1s
dﬁgoppd in the optical path between the boundary |ens
Lb "and

b = the wafer W but the present invention is not
| {008®d to Fiystin Bk 3R in Fig. 11, a metal film is deposited on one

lot of wafers. Then in step 302, a photoresist is coated on a metal film
on the one lot of wafers. Then in step 303, an image of a pattern on a
mask is sequentially exposed and transferred to each shot area on the one
lot of wafers via the projection optical system of the exposure apparatus

of the present embodiment. Then in step 304, photoresist on the one lot
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10 configuration where the installation of the
subnmerged plane parallel plate Lp is omtted is also

possible, as shown in the third nodification in F 9.5pgs.0489-00

10. In Fig. 10, conposing elenments having simlar
functions as the elenents in Fig. 8 are denoted with
the sane reference synbols. In Fig. 10, differences in
the configuration fromthe above nentioned 15

egpodiareRt i sndEvaog%darﬁqd hedent HA %Eégfes@?t weedrddif pattern
wat er supply di scharge nozzl e 23a and the ’boundary

| @Bﬁ‘e tol &@g)a&&%ﬁ%n and nida® M%?ﬁleﬂeﬁﬁéé&ﬁéhot area of
functl onal ilm73 i1s forned on the side surface

(bgceyeldr 19 pepforfidn@nétch bﬁpﬁ{eeén@qlbtl@w@ﬁrsoﬁsmg the
the boundary I'ens Lb, "so as to prevent the outfl ow of
tf@lgtrpm[@ngg dmgekd Lmfromthe 20 optical path

bet ween the boundary lens Lb and the wafer Wto the
ofecdde (i nTihea tHdevieesj eatchon aspt sealcosiduicton PdgvicAsd are
in the third nodification as well, a |light shielding

f leamBBctuted byfoeming girchét pratshsondiigheptayere Wagbrding to
is formed fromthe tapered portion 62 to the

nthist seeriedngoctor omdesiceo! marmfateingur firtkodf sé¢miconductor
boundary lens Lb. Here the 25light shielding film53

i devicep bevthgs oxtremedy $hieetidcuibpatteensecdr haasquirediwith good
reach the water repellent functional film 73.

[ ttop8ghput.hdnt ﬁlepdg)ﬁ}fde stapaB0on metakiy deposied van the wafer,
the flare lights which reach the water repellent

f tesisti amacoatedmors this metall ddm,byandhecachn stepnobf exprsure,

light shielding film53, so deterioratjon of the _water
r dp‘é¢lpemetft ¢lghtng s p@ﬁfmsn@dbb@ﬂtamadécswt%ﬁ% stlagon oxide

here ore I.ora on of t he i magi
H?ﬁe en hemé% FZW atﬁm@msae% coated
tot e tflow he i onI| dsubst ntially
dSEs eele LQXI m lg,; an ﬁ-‘echrﬁt@la q%emqs{&la%. @‘?1 glappiegt and
svveII preferable to satisfy the Condition
SC %gf%P?ﬁ ﬂ@e ight shielding film53 in an

af@‘ifﬁ?ﬁr abovl dREGXTRIIS SPRATERD. EVPeciegegt embodifent, a

SR e&dﬁﬁ&iﬁ%‘ecgf S i FRCHD A Blone o) aaired by
b?@ﬁﬁ%a%‘ Hghlcieoiusd AR (B8 S et ot fgern)
£8h & Wty st Pkl ol e eiipih ot i Bkl Wit be
T T TR A JLART A .
e g
uﬁéo régpﬁ%s&’fﬁﬂw r%lb@@ﬁ ?élbes ‘%fleIE @%ﬁfch resist is coated)

ment d wt rence to the

f{]gmgql{@r éxﬁcfku%? ak)%ﬁrajtﬁs 5({9 grtggé tethoﬁfrﬁ@n@Q% ekBeuted in

Fig "1 a neta mis on one

et ateHhe foratdd e Pst3p2 408, PhBYORE oltéhmeg&gﬂl}o "ktép, a

metal” filmon the one tot of wafers. en In 303,

aprédiéenidleda padehe chidiagMasdny Scleeqodsd iisl E(Yrmed on the
exposed and transferred to each "shot area on the one

Eh@tos@ﬁsﬂt\iaffee sgbstidte! T HRmOeS tdxposedt duttrasy PaBePthrough
e exposure apparatus

each step of development step, etching step and resist stripping step, and
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of the present enbodi ment. Then in step 304,
phot oresi st on the one |ot FP06-0489-00 of wafers is

devel oped, and then in step 305, a circuit pattern FEFP)6-0489-00

corresponding to the pattern on the nask is forned in
each shot area of each wafer by performng etching on
the one ot of wafers using the resist pattern as a

mask. 5[ 0081] Then devi ces such as sem conduct or

dayi £ agsult.e anpradesainvined pyttéar iy formiedc oht theatstibstnste, and
on higher layers. According to this sem conductor

d procssimgumbaes to tignext ¢eldr fderiformdtiohatepid02ces

having extrenely fine circuit patterns can be acquired
wW@083jood t Athenghpthie coiors fidier Fotmatiohestef04)2 matamly bats of
deposited on the wafer, 10 resist is coated on this
nthrek daits, moreespoadiiy & Bp(Reéd)e &h(fSraen) andvB I Blueareaarthyed
etching is perforned, but needless to say, silicon

ok demiiiixy amg pdara‘lctyn@ﬁsem afftrem stipd filiers, Rhésand B, are
steps, then resist is coated on the silicon oxide
f amawedrm 2dwenizonal sganeckipesdirectietevel ap e dormna color filter.
etchin erfornmed. 15[0082]1n the ex osure

apdiera @ ory eprf@mam@nﬁt@gu #3% a eel |aqa¢rabbf wemi03 is
dlsplay devi cge, a mcro device b |red by
f gxecuigda b & tcgflnw@alhlm step rf-lQ?e %‘i‘l%ﬁ ab aanﬁl 161161111(1
el ectrode pattern) a pl at glass S bstrate
aﬁr)ést%lnﬁﬁlé)oé$ asembled rusin FIP WYL \A tpll‘ie etermined
reference to the rom;chart n Fi In Fi,g

2BafE: apﬂmeérlalpﬂgﬁ pripm \fﬂﬂﬁﬁu?ﬁg i 40" g fbﬁp%%@ filter

atte t 0. a phot osen ive substrate
( gt i s GoldR Feanto pEReFies Jeb Abeont ody using t he

ei@@%@ﬁ R Be Sl Esten bl St 103 UE Y pls are injected

s ahn E?%aﬁ%?eté o sy &é*%ﬁrafeoﬁwﬁ%ﬂ PRigdEtemined pattern
sagg@gmzf@ il B S
7 UEE eI 5 Rl RsP 302, 58 ps 0 e Hadtndd cBystal
?kﬁ?ﬁg 6# ac??%‘e%[ ggﬁz ZE}%H“EF&O%M@HE tﬁgs&ﬁﬁy gfé'gloﬁ04 electric
E%#‘?E&%o e ASsRatiRd fdud RaYsaP parkl, QIREF GONRI cell) to
a AR & 8 gPét[dﬁ( Hrea%hp B hEMt cheisSba k light, are

Hé fi Pt er %n &%h b Hu olSS ¢

ree stri are érraye

étél‘l’éﬁ uﬁf d‘i’d tde%ce%ss eémpwetéar ”A@c@ﬂfhﬁ to this

ter ter t colo Iter formation step 4

c 4 t n
ﬁﬁdn;gmgv AR RS WA s i

ceyystal dillhy déviae skaingd exfrefifely hiing ubigéiat ?atl‘,@'ﬁls Ngan be
a predetermned l1lOpattern acqui red in the pattern

fgeq@ire@lwlﬂi ?@oé@ﬂr(ﬁ@mﬂe color filter acquired in

the color filter formation step 402.
[0085] In the above embodiment, an ArF excimer laser light source

is used, but the present invention is not limited to this, and another
appropriate light source, such as an F, laser light source, may also be

used. If the F, laser light is used as the exposure light, fluorine-
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[0084]In the cell assenbly step 403, liquid crystals
are injected into an area between the substrate having

a predeterm ned pattern acquired in the pattern FP06-0489-00

formation step 401 and the color filter acquired in
15 the color filter formation step 402, so as to

manuf acture the liquid crystal panel (liquid crystal
cell). Then in a nodul e assenbly step 404, electric

Clcbftdihéd flR{ui&,lh Sudts SRS nb Lt sined VSTl Qin@f}éﬁ'luoropol}aether

(liquid crystal cell) to performdisplay operation an

egPRPEYWAREDEan SUBBASFPRGIr ighttis uBee als 166 figugdl, and
the |liquid display device is conpleted. According to

t [p886R0 malnfthetdbovedemiboditichn the Nerekéstuindeaitivgt 3l applied
di splay device, a liquid crystal display device having
exd tlegrehyndrsion p’eggrog jeqiitn eptisalcsysidia iasalleddd thetdxposure
good t hr oughputig.yI [ 0085] I n thg abgf/sg enbodi ment, an ArpF

eappartus,alselr the phtsenvuneention issnetsHrhitdalito tthes, and can be
present invention is not limted to this, and another
25apphedpo iother gémgral Equidennmeusionaypeapréctiancoptidad sy stems.
source, may also be used. If the F2 laser light is
u$@a8Ak t he lexthesabeve ieghvodimeandy the -bourdasy 0¢89-1do and the
contained liquid, such as fluorine-contained oil and
peubmgogep @lyne paralleirpiBie Lyhiace: made tfremssilicarglasgsbut the
l'ight, is used as the |iquid. [0086 In the above
enptsariabdor fonming ébenbourdayt ians ang| thedsulmerged plane
i mrer sion type_projection optical systeminstalled in,

t perallal ated_p s apblmitadsto silicagiass aadenchicrystal mapterial as
is not |imted to this, and can be appli_gdto t her .
g@h@rbﬂsmmquuiep 1517 rp?ﬂaﬁe sBPfEat iBA @p’ttfld: arium oxide,
syst e{zns. %‘8087] In the above enbodi nent, the boundary

| 8 PHUARE- t he submerged plane parallel plate Lp are

BB o b S e s R k! 2R for e
o3 i R B 350 M iphed i e are
Ot S BRSNS, CBY 2%, CP S0t o
| PO o Tscrrothnol Sy desil heXRBehensift ohdeBihe bt bk sba.

%@ﬁi&n%k%ﬁ%@ﬁ%%’g@%s!the% IC, O, SM42-, or

I'Sopropa ne, heptane or
df@@ﬁ@] may be used. Expl anation of Reference Synbols

R+ - - reticle

RST = - - reticle stage

PL - + * projection optical system
Lb+ + + boundary lens

Lp + * - submerged plane parallel plate
Lml,Lm2 + - < pure water (liquid)
W= « - water

1+ + - illumination optical system
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[0089] R reticle 20RST reticle stage PL

projection optical system Lb boundary lens Lp
subnerged plane parallel plate Lm, LnR pure wat eEpog-0489-00
(liquid) 25W water 1 illum nation optical system

FPO6-0489-00 5 9 10 12 13 14 15 21

9. - - Zstage

10 - - « XY stage

12 + + -« movable mirror

13 = - - wafer laser interferometer

14 * + - main contro] system

15« - - wafer stage drive system

21 » - - first water supply/discharge mechanism

22 - - - second water supply/discharge mechanism
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22 Z stage XY stage novable mrror wafer
| aser interferoneter main control system wafer stage
drive system first water supply/discharge nmechani sm
second wat er supply/di scharge nechanism CLAIMS 1. A
met hod of exposing an image of a first pattern, the
met hod conprising: em ttdtnAa RV ght onto the imge of
the first pattern set in a first plane that is above a
phot osensitive substrate set at a second pl ane;
guiding the |light, which passes through the first

1. pat termetist ait erposidlg aur ﬁﬁage oD of dirst pasteconthe method

pattern in a surface of t he photosensitive substrate;
comprising:
emitting a light onto the image of the first pattern set in a first plane that
is above a photosensitive substrate set at a second plane;
guiding the light, which passes through the first pattern and an optical
surface, to form a second pattern in a surface of the photosensitive
substrate;
imaging an image of the second pattern through a liquid; and
shielding a flare light generated in the optical surface at a position where
an optical member contacts the liquid,
wherein a condition of 0.25 < D/Ym x tan® < 1.7 is satisfied, where D is
a space from the second plane to a position at which a shielding of the
flare light start, ® is a maximum incident angle of an image forming

beam which reaches the second plane, and Ym is a maximum image

height on the second plane.

2. The method according to claim 1, further comprising:
preventing an entry of the liquid into an inside of an optical system
guiding the light from the first pattern to the second plane through the

optical surface.

3. The method according to claim 2, wherein the preventing

comprises using a water repellent resin.

4. The method according to claim 3, wherein the shielding comprises

shielding the flare light progressing to the water repellent resin.
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I magi ng an i mage of the second pattern through a

liquid; and shielding a flare |ight generated in the

optical surface at a position where an optical nenber

contacts the liquid, wherein a condition of 0.25 <

DDYmx tan(r) < 1.7 is satisfied, where Dis a space
5.fromidenstR6dHEcBlding fooclaimos, Whereidtthehvater @epellent resin

shielding of the flare light start, 0 is a nmaxinmum
comadtdent oplighe ntdmber Wik cbatastathdgmahi ch reaches

t he second plane, and Ymis a maxi numinmage hei ght on

the second plane. 2. The nethod according to claim1,

further conprising: preventing an entry of the liquid
6.i nt A= niethodercebrdimgotor ¢laain Sywhersiguingi water wepellemt resin

fromthe first pattern to the second plane through the
caappriged asealingenember.The met hod accor di ng to claim2,

wherein the preventing conprises using a water

repellent resin. 4. The nmethod according to claim 3,

whergin th hi el ding conptises shielding the flare .
7.1 ghEng gl Red kerdibh Koo WOBEPAHE el qepefigat resin
The .nmet hod .accordin o cl ai wherei n the water
corBpErFLAT SBE Fepe i duRetioRa Bl co ' member whi ch
contacts the liquid. 6. The nmethod according to claim
3, wherein the water repellent resin conprises a

Iy . ) : | ai ,
8.S€A Ao 2 &f panﬁfaé@ﬁﬂﬁé'@l%%ﬁ%?o fRnk® claims

‘wherein water rep t res rs€s a water

seki§hgal Bkt Ipfatt%ﬁﬁ i?0irst plaRe;8- A method of

manuf acturing a device, conprising: setting a first

trafeRine i dhd ekpbSingP e dirst pRR&IRrtd Bet ansenRoPaitern in a
the first pattern to set a second pattern in a surface

sweface phebhoersensityee sulbsttatetset aeh satoad gdanward pl ane;
guiding a light fromthe first pattern to the second
gypdane a tighigfroan thet ficstl pstiefrade; themageonyd grianeragwough an
t he second pattern through a liquid; wherein a
opiserdisuraeepf 0.25 < D)Ymx tan 0<1.7 is satisfied,
. where Djs a space fromthe second Ia[1e to a position
IRACIAE; FhirBagh Pe L AeCYId PRECH ngflgan 1q8tGrt, 0 is a
xi.mum i nc¢i dent e Qf ,an image formng,b ich_ .
w @%H@SCQW&[@C%E@% SHe/ YRy G Ps<h d&ﬁ%ﬁ%ﬁﬁ%ﬁwﬂwe Dis
hei ght. on the second, pl ape; dewvel oping.t. SRPT
@ SRACOLEND e uBb e K BBl MG e shieiding pf the
a r {0 I r i .
b RBECA, 59, ToBs Rl LR 08 B, forming
eQfidal V. trate s h
S TSRl U5 CERREBRL PR LB Epege
h&gRPbhThB%econd plane;
developing the photosensitive substrate on which the first pattern is
transferred to form a mask layer having a shape corresponding to the
second pattern; and
processing the surface of the photosensitive substrate using the mask

layer.

9. The method according to claim 8, further comprising:
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preventing an entry of the liquid into an inside of an
optical systemguiding the light fromthe first
pattern to the second plane though the optical
surface. 10. The nethod according to claim9, wherein
the preventing conprises using a water repellent
prieesntingldn ditey nef ol lageidr @htog ahoirside rofl@n dptical system
nmet hod further conprising shielding a flare |ight
guidagy ¢bsilightt fronhehedfiest patteehl @nthe sscond Rand kerough the
met hod according to claim 10, wherein the water
optegad Isuefaicer esi n contacts an optical menber which
contacts the liquid. 13. The nmethod according to claim
12, wherein the water repellent resin conprises a
seal ing nenper. 14. The nethod, accordipg to cJaim12, |
1GwherEhey methag: e‘f’fCCPé‘?gé@ et ¢lakmn Lo ‘Hﬁ%eég éilwaﬂaéeventmg
repel | ent, functi onal fi Ilm .
comprises using a water repellent resin.

11. The method according to claim 10, the method further comprising

shielding a flare light progressing to the water repellent resin.

12. The method according to claim 10, wherein the water repellent

resin contacts an optical member which contacts the liquid.

13. The method according to claim 12, wherein the water repellent

resin comprises a sealing member.

14. The method according to claim 12, wherein the water repellent

resin comprises a water repellent functional film.
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