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FPO7- 0013 DESCRI PTI ON PRQJIECTI ON OPTI CAL SYSTEM
EXPOSURE APPARATUS, AND EXPOSURE METHOD Techni cal

Field 5 [0001] The present invention relates to a FP07-0013

projection optical system exposure apparatus, and
exposure nmethod, particularly to a projection optical

‘system suitable for an exposure apparatus used in

manufacturing mcro-devices such as a sem conduct or

device and a liquid cr yDIRSCRIPSKIOIN device in a
phot ol i t hogr aph rocess. 10 Background Art [0002] In

a phBR&ME 3&8&%@%HMS%YSEEWEXHBSMREQABPARATUS,
sem conductor device and the |ike, an exposure

appar at us has beenADHREXPMSGREBMEE a pattern

i mage of a mask (or reticle) onto a photosensitive
subeehnical Fielgatf er, gl ass plate and the |ike, on which

1 oresist is applied) to effect exposure thereof
tf[p@BEE aﬁm dresantomvegpionceglatoy stoe m pragegtien optical system,
integration density of sem conduct or devices L.

i (FSFOSYES APPAEINS sHIC, icFgopeite mathedy padiawlamdy)to a projection

required in the projection optical systemjs nore and ,
réical ey s quitablerfer BRECNNSHIS BB useq goygnufacturing
Therefore, in order to nmeat the requirenment on the
rélg%ﬂw#?a’l% ﬁaaﬂr_asofa §GB?ISPB‘5WtQﬁ ipe aand v tlighid; erystal
i Si.necessary 1o -mak velength. A of illum nating
Iiddff’ﬁ’ela &%Vé‘syﬁp%%ggfqlﬁﬁpﬁﬁ%w@%aﬁd to increase the

n ni cal a}grtture NA on the inmage side of the

p ‘gﬁgri %t"l cal system Specifically, the

EP0EL e ol RSNG| Fhaefiio oI Manufucturing o
CSERhbFhdr dbPieR e B B R S MR Bk Rued,
[ iR Y Bide oK Bhy8nlhage (b¥PhoBhisk 9% BT onto a

photosensitive substrate (a wafer, glass plate and the like, on which

photoresist is applied) to effect exposure thereof through a projection
optical system. As the integration density of semiconductor devices
increase_s, the resolving power (or resolution) required in the projection
optical system is more and more increased in the exposure apparatus.

[0003] Therefore, in order to meet the requirement on the resolving
‘power of a projection optical system, it is necessary to make wavelength
A of illuminating light (or exposure light) shorter and to increase the
numerical aperture NA on the image side of the projection optical
system. Specifically, the resolution of a projection optical system is
represented as k-A/NA (where k is a process coefficient). In addition,
the image-side numerical aperture NA is represented as n-sin 6 where n

is the refractive index of a medium (typically gas such as air) between
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the projection optical systemand a photosensitive
substrate, and O is the maxi nrum angl e of incidence

onto the photosensitive substrate. [0004] In this FP07-0013
case, an attenpt to increase the inage-side nunerical
aperture by increasing the maxi num angl e of incidence

O results in an 5 increased angle of incidence onto

t he photosensitive substrate and an i ncreased angl e of
enghiedRofetiorooplitl sYseirs Ginldodp B@ids@ﬁkltﬁf)ésstlﬂiﬁrai@'a‘hd 0 is the
I ncreases reflection | osses on an optical plane, and

t heegimum aggleasfiaciddriceirity ¢hé photosensiRivalkistiaiee.
aperture cannot be achi eved. Therefore, there is
kn@®4qn Innths Sase, tecdttermpe td dncieass ¢hs iintagehside numerical
i mage-side 10 nunerical aperture by filling an optical
paiperhat\igeinaepsingebtiwaximpid eaglesys irvidenct 8 results in an
phot osensitive substrate with a nediumsuch as liquid
hancregpsed hingfle raff mmidénce onttethe fphotesemsities sabstrate and an
Pat ent Docunent 1). [0005] Patent Docunent 1:

| rineraased cmgle Ribdmergdnme HORO0KE @rejez€ion6pticalogystem; this
the projection optical systemdisclosed in the Patent :
Ddvareeses reflectiomtlosseassonsanl opsicainmpans, oand itheredforeral large
a silica glass  lens is used as a boundary |ens that

i effastiverimage-sidemuyunerioal apartwsjcsanot be ashiavedac eChengfore,
is in contact with the pure water on jts inage-side
sdhemects kmava g rivemersipal teebnrqugufon insrcasingether imagesside
alimt q(‘.jlf for 20 esédnple on the order_of 1.3 by

uduspenieat apertwes madallingesam optisal npathgbetyess a prolec‘uon
nuney i cal aper re that can be achi eved.. [ 0007]
ard sysigm Brmﬂﬁeﬁlﬁmﬁﬁtﬁ‘-&ﬁﬁ?ﬁﬁ Mlﬁmadal@mm such as

prLo i cal ,system has |i UId ipter
Aldéﬂg%laf'%ﬁ high refradiive lmﬁﬁ‘a@{efor SKaRwleoserchn Bpcument
gr)ge ef fective image-side nunerical aperture |arger

25/t han, for exanple, 1.4, while a relatively |large

OB BB oL W Catosnios
FP0808P Lo, RiRvi-de, AR expashre apbaralyls jand; eXPORU foyeny
Document, pure water is used as immersion liquid, and a silica glass
lens is used as a boundary lens that is in contact with gas on its object-
side surface and is in contact with the pure water on its image-side
| surface. This conventional configuration, however, has a limit of, for
example, on the order of 1.3 by using ArF excimer laser beam on an
image-side numerical aperture that can be achieved.
[0007] Itis an dbject of the present invention to provide a projection
optical system that has liquid interposed in an optical path to the image
plane to achieve a large effective image-side numerical aperture larger

than, for example, 1.4, while a relatively large effective imaging region

- can be secured. It is a further object of the present invention to
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pattern can be accurately projected to effect exposure
using a high resolution projection optical system

having an i mage-side numerical aperture larger than, gpg7.0013

for exanple, 1.4, while a relatively large effective

5 imging region is secured. Summary of the Invention
[0008] In order to attain the above objects, there is
provided in a first aspect of the invention a

pr picRdtlé an efddstrk a@%ﬁ&f@:ﬁk tandt exicyues insethod’ WUCRHAich a fine
image of a first surface onto a second surface,

c hpatiderine thd el | atcutdtelyh Proprt@bitbcaffedrieRpbsiree @Rirgaiad high
projection optical systemand said second surface can
berdsblutash wrbjectionu b?tihall iSRSt r}ﬁfvf'm% tary dmiapeeside ang@kerical
than 1.5, where a refractive index of gas in an
opapertireplatgervihiahi fos examppe,o] .d¢ wiltite aptlatblely Yatoenefifsctive
1, 15 said projection optical systemconprising a
boumaging regrom ishseicurexhn be contacted with said gas on

the side of said first surface and contacted wth
sabumgny ef thetlnwentivm of sai d second surface, and in
that said boundary | ens has a positive refractin

pol&08] polsi erder topadtedn jtharalbove olydetspthexa isgrovided in a first
material having a refractive index 20 larger than
1.@spepbagotheriaventionpa oprajectiom eptiead osystaapdhat girojects a
the invention a prog'ectionotical system t hat . .
prisfueed imagemige fisst surfaes ento asecond sunfacey eheracterized in
characterized by conprising a first optical elenent
dit8@bsed on the extrenmity of image-plane 25 side and
made of at | eagst one material, of CaQ and MyO. [ 0010] .
There @8 fﬂpfé%aid@%t i hetween padaprieetion Qp’f@a.?rﬁyétﬂmoanda said

B o g SUBRcR Py Moy oI GaERAng, 3 BB eidRelarger
| qhgﬂ q's , where a refractive index of gas in an optical path within said
‘projection optical system is 1,
said projection optical system comprising a boundary lens that
can be contacted with said gas on the side of said first surface and
contacted with said liquid on the side of said second surface, and in that
said boundary lens has a positive refracting power (positive
power) and is made of an optical material having a refractive index
larger than 1.8.
[0009] There is provided in a second aspect of the invention a
projection optical system that projects an image of an object onto a
substrate, characterized by comprising
a first optical element disposed on the extremity of image-plane

side and made of at least one material of CaO and MgO.

[0010] There is provided in a third aspect of the invention a projection
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the projection optical systemconprises a first
optical elenent disposed on the extremty of

i mage- pl ane side and a second optical 5 elenent FP07-0013

di sposed adjacent to the first optical elenent on the
side of said object, and in that at |east one of said
first optical elenent and said second optical el enent

is made of at |east one material of CaO and MyO

[ Oftidal Tiwestemi shair projeetd am itndgeuofrarasibgedt ohtd haesubstrate,
invention a 10 projection optical systemthat
prajaratterizediimihat of an object onto a substrate,
characterized in that the projection optical system
conpr i $ks proféatiin epticahlsysteenerumprisspas éatstooptical element
extremty of inmage-plane side and a second opti cal

el dispoascdionp thwe ¢xtitzity f imagbeline sidopndcal sadomde optical
on the side of said 15 object, and in that said first
oplement dispasad adsacanddo dhe Guss optioa) Glement ondhd side of said
second optical element is made of MgO or CaQO [0012]
T@J@Cﬁsénérln\tha{bd ina fifth aspect of the invention a
projectign optical systemthat projects an jimage of
an obj atteastianenof spisl fixsteoptical elearenitand said pecanshoptical
tFﬁ? projectiaon optical system conprises a first

0

PENT i BReRtor alilegy ouig matarial adta@mnd MgO.
TBREAR, et oSl o e ket o S on
sai d, obj ect, .. d a third opt.ical elenent djsposed
adj’ Iy 8P¥1ﬁgf1§¥%t§mj t@%‘t pE‘%JIeCtSZ811e'IH@-;ﬁ*’&af'ntOC%JoW1 t‘ﬁﬁe%ti gato a
B, 21 T A
G TS NN TS R N L e
ZP #bohsigﬁkgﬁs eoEaxtsrzéllinolltyoI%t . ﬁﬁlégeqlp‘farﬂ%msid{ea %?ldog sterc]:%ngagptical
element disposed adjacent to the first optical element on the side of said
object, and in that
said first optical element is made of CaO or MgO, and
said second optical element is made of MgO or CaQ.
[0012] There is provided in a fifth aspect of the invention a projection
optical system that projects an image of an object onto a substrate,
characterized in that
the projection optical system comprises a first optical element
disposed on the extremity of image-plane side, a secdnd optical element
disposed adjacent to the first optical element on the side of said object,
and a third optical element disposed adjacent to the second optical

element on the side of said object, and in that

said first to third optical elements are an optical element made of
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optical axis and thickness of said optical elenent
made of the MgO 5 along the optical axis are designed

so as to reduce an effect of intrinsic birefringence FP07-0013

retai ned by said CaO and said MJO. [0013] There is
provided in a sixth aspect of the invention a

projection optical systemthat projects an i nage of

an object onto a substrate, characterized in that 10

t hEaé,cf}reoptioai elptiantimade b€ MgOypnidses opticalptlemant made of
el ement made of CaQ, and in that the optical el enent
na@ﬂélcﬁfglamrmdtweby,candded W th a coating containing
MpO. [0014] There is_ provided in a seventh aspect of

t he i nVibigkness aof mBidragtival i edamenti adesg§ithm Cal) along an
projects an image, of an object onto a substrate,
chaptiealeaxiseand rthickness iaf #rid] epticalnelsperdamadgsotithe MgO
cogpristﬁs@ an_oaﬁti cal element made of MO and_ in that K
t helogg: the0ptegad Axis ardesignedise awy redusiecan gélgchof intginsic

" Biasithaghos Teed buisatd € ahaRARFhMESpr of ection
ok l13] S¥Beiinmovideed et sivh dapegt eomsrnaEREoR A projection
TR SYEeTthal RIS WhdinkEe BF b aHiodnenie dopubsirate,
o ARrRRErEAEneE 3l containing RO, MO and a 6
Ther o RS ROIRCHER PG TDHh ROsEErIset ShHIPHGH GHERSAL made
RO AR B e et Y at o characterized in that.
the optical element made of the CaO is provided with a coating
containing MgO.
[0014] There is provided in a seventh aspect of the invention a
projection optical system that projects an image of an object onto a
substrate, characterized in that
the projection optical system comprises an optical element made
of MgO, and in that
 the optical element made of the MgQ is provided with a coating
containing CaO.
[0015] There is provided in an eighth aspect of the invention a
projection optical system that projects an image of an object onto a
substrate, characterized by comprising
a first optical element disposed on the extremity of image-plane

side and made of at least one material from a crystalline material group

consisting of CaO, a crystalline material containing CaO, Mg0, .and a
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5 the projection optical systemconprises a first
optical elenent disposed on the extremty of

i mge- pl ane side and a second optical el enent FP07-0013

di sposed adjacent to the first optical elenent on the
side of said object, and in that at |east one of said
first optical elenent and said second optical 10
el ement is made of a material selected fromat |east
onerystalbnaimatesial pantaining Migéhp of a first crystalline
material group consisting of CaO and a crystalline

i6d | rai i rprovaedhnin @ suothdaspeystef Ithaeinvention a
mat erial group consisting of MJO and a crystalline
el eeilon smtigahisygtemafbat 180ja@0s Zn Thage ofsaprohjedeonto a
in tent h _aspect, of ,the invention a projection
optubshiatechasasterized jn Shaict s an i rage of an obj ect
ont o atﬁubstr,ate, characterized in that the .
pr oj ecttNePIMEGLY) opjicar Bystemreasaprises ia firstopptical element
el enent , di sposed on the extremty of i mage- pl ane sj de ,
a SBO%?&&%%&XF&IH@G)@H@%%@% fide gy pasegond; gptical
the first,.optical,.el enent, on. the side of said _object )
arkierient disPassd djacent 19 ghe dirst Skl Ao BARBhERIGS Of said
first mater.i elected from a first crystalline
mttpeta Ang,ig afgonsi sting of CaO and a crystalline

o o SR ALl A SR BB i
o PG Aok S Boslidoflesfbe A R rltin
raoE Al PR CA B SRR e BE i ARG A o0
B qCEH AT R Bp e, AR S erystaline
P AEfial $ofp CofistBE o MEOUnd b UFStattind nidtBE 8nfhing
MgO.

[0017] There is provided in a tenth aspect of the invention a projection

optical system that projects an image of an object onto a substrate,
characterized in that

the projection optical system comprises a first optical element
disposed on the extremity of image-plane side and a second optical
element disposed adjacent to the first optical element on the side of said
object, and in that

said first optical element is made of a first material selected from
a first crystalline material group consisting of CaO and a crystalline
material containing CaO or a second material selected from a second

crystalline material group consisting of MgO and a crystalline material

- containing MgO, and
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substrate, characterized in that the projection
optical systemconprises a first optical el enent

di sposed on the extremty of inmage-plane side, a FP07-0013

second optical elenment disposed adjacent to the first
optical elenent on the side of said object, 10 and a
third optical elenent disposed adjacent to the second
optical elenent on the side of said object, and in

t hat sadaid fsecord optichl elénwgitiisahadd efandegoatanaterial selected
optical element nade of a first material selected

f r frona shid sécand stystlline matenialagrogpoop aclns irsaienz] selected
CaO and a crystalline material containing CaO an
opfriocakaiel frstorystallimednaterial grenpnd material sel ect ed
froma second crystalline nmaterial group consisting

of [(MyB]andhere iy piravidede imvareraleventhnaspect nof kO invention a

an optical elenment nmade of silica glass, respect ively,
anprajactiemesptical syisten pthiat girogasremt lmage apabbject onto a
first material selected fromsaid first crystalline
neswhsteate, phauactarized imthaipt i cal axis 20 and thi ckness
of the optical elenent nmade of said second mater| al
sel ect dbefproneaston opticehsysterst epmprisesra dirstaopgicaliglement
aI Nng the opfical axis _are designed so as tq reduce
18pP oafthe extei: of imegerplgan side, mesagondpniicad glement
f st materjal selected fromsaid first ystal ljne
neélépp%ﬁé diasept inthes first eptionl el ﬁmeat om thexside wfcsaid object,
sai d, secon i ne 5 mat group. [0019]

THEKE & $hig oqpﬁatdal et Sisnosed o éP nfr 1q e seeomd optical

o FuterE OBl SiEOb b BB BPAGABAL  subst ?ZE e,

compr s8d Btttz tgfeﬁgﬁsxﬂﬂéé' °e2p8§§étfqaitef%:ase{”mde of

Sel Ct ed {fr %E] Sa y Iéﬁb‘ f;,gs@lgi‘r}r’% ﬁﬂ%‘@fﬁ;r&zﬂrgmﬁp COIlSlStIIlg
”ﬁﬁﬁéﬂ A4 2 Sy 8l it A fREnCo8, A BpuiRf Yement

made of a second material selected from a second crystalline material
group consisting of MgO and a crystalline material containing MgQO,
and an optical element made of silica glass, respectively, and

thickness of the optical element made of said first material
selected from said first crystalline material group along an optical axis
and thickness of the optical element made of said second material
selected from said second crystalline material group along the optical
axis are designed so as to reduce an effect of intrinsic birefringence
-retained by said first material selected from said first crystalline material
group and said second material selected from said second crystalline
material group.

[0019] There is provided in a twelfth aspect of the invention a
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arfatimgacontsining ensecomnd maerialns

coating containing a second material selected froma
second crystalline material group consisting of MO

and a crystalline material containing MO 10 [0020] FpQ7-0013

There is provided in a thirteenth aspect of the

invention a projection optical systemthat projects

an i mage of an object onto a substrate, characterized

in that the projection optical system conprises an

oppiojedtical @peichl nedRem ahat o anmeimag@l ofsgheshhjedt onto a

froma second crystalline material group 15

c oqubisttate)chafadv@rediih ¢hatr yst al | i ne mat eri al

containing MgJO, and in that the optical elenent nade

of t he theproptctieneoptatali syspemviatrprises hnaopticadtalement made
containing a first material selected froma first

crofs taalflrshemateniad r selbcpdodpomonsfisst rgysthllitmOmattrml group
crystalline material containing 20 CaO [0021] There

i sconstatingeof CaCoatd ararystallinesmdetialofontaiming Wéa® amd imthat
i magi ng optical systemwth which a first surface is
conj ugdhe @pticah elameninthasier ohiths ficstamateriali isepravided avith a
an optical path between said inmaging optical system .

eggctam e aiseeomd guystalline

having, a refractive index larger than 1.5 where a . .

r dnptegial \@aovp sensptingael MgGnand i arastablane, materiah ceataining

8 FPO7-0013 inmaging optical systemis 1, said inmaging

op¥istal system conprising a boundary lens that can be

c ed Wwth, said gas on the side of said_first )

saPpa6t gﬁaer@om REQvidedyin p dhireenthy aspeeh of hbes iergion a

sai d. second surface, and in that 5 said boyndary.l ens
hégolfcﬁé’é]i pr}éalr SYFISHT (tRY PEUSFISIAR 132G A Y1 OBJRct onto a

opt'BcaI ma erigé.had;/jn refractive index | arger than
SHDSiales SPArACITIZEGINEW i ded in a fifteenth aspect of

the i mc’l?enfalr(%gcﬁgn optical system comprises an optical element made

of a second material selected from a second crystalline material group
consisting of MgO and a crystalline material containing MgO, and in
that

the optical element made of the second material is provided with a
coating containing a first material selected from a first crystalline
‘material group consisting of CaO and a crystalline material containing
CaO.
[0021] There is provided in a fourteenth aspect of the invention an
imaging optical system with which a first surface is conjugated to a
second surface; characterized in that

an optical path between said imaging optical system and said
second surface can be filled with liquid having a refractive index larger

than 1.5, where a refractive index of gas in an optical path within said
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exposure apparatus, characterized by conprising a
projection optical systemaccording to the first to

thirteenth aspects, and exposing said 10 substrate FP07-0013

through liquid in an inmrersion region formed on the

i mage- plane side of said projection optical system
[0023] There is provided in a sixteenth aspect of the

i nvention an exposure nethod, characterized in that a

Pr thgeinieasptivl isgelens ys1em according to the first to
thirteenth aspects is used to expose said 15 substrate

t hr ouglsaid @miading) optich"BPsteiOofipfisiip bosdeetday lehs that can
i mge- plane side of said projection optical system

[ 0B ¢bniBvesdwith saidviadesh the sideafasnid firtthsiasaecandtontacted
the invention a device manufacturing method,

c hanthcdadd ligedd on thbaide bEsadmesoné suafapas andién that
according to the fifteenth aspect is used. 20 Effect

of t he sard/boundary] k2 Hasl apositivieaefiactinggpowet ang is emade of
according to the invention, liquid having a

r edtr epticalematetial Hawing a refractive Sndex larger thesel.7.n an

optical path between a boundary |ens and the inmage

pl [A922] setere supraeided ima tifecentbuaspecy ofethe iinveniden an
of an optical material having a refractive index 25 .

| ¥ appargubn chewsterazed byncomprisingi giprojection optical
refractive index of the liquid in_contact with the, .
supBtae afcordingotutbarirst dasthirteenth aspapss.sad exposing said
FPO7-0013 _ a resylt, the present inventign can praqvide

a wosjrate theeugptliqaid By andmmpeRion gegian fprmed ooy Hes iaage-

in.an optical .path.to the image plane to achieve a
| dilgae éﬁi‘f‘e‘éﬁa‘}aﬂrﬁﬁ‘é’émﬁiwlﬁﬁﬁﬁ‘i%l aperture |arger

.while a relative

BBz b e L SE L3t H3E S5 penton an
SRS TR G RBEEIFEI el {10k, & STV PREIGIR GIHoe caystem
o RSRUER. o VR B L8 sl SEbe PRSI OIS s
substrate through liquid in an immersion region formed on the image-
plane side of said projection optical system.
[0024] There is provided in a seventeenth aspect of the invention a
device manufacturing method, characterized in that the exposure
apparatus according to the fifteenth aspect is used.
Effect of the Invention
[0025] In a projection optical system according to the invention, liquid
having a refractive index larger than 1.5 is interposed in an optical path
between a boundary lens and the image plane (second surface), and the
.boundary lens is made of an optical material having a refractive index
larger than 1.8 in association with the high refractive index of the liquid

in contact with the surface of the boundary lens on the image side. As
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havi ng an i mage-si de nunerical aperture |arger than,
for exanple, 1.4, 10 while a relatively large

effective imaging region is secured, and FP07-0013

consequently, highly accurate and good m cro-devices

can be nmanufactured. Brief Description of the

Drawi ngs [0027] 15 Figure 1 schematically shows a
configuration of an exposure apparatus according to

ana egbadl thenpraent hevertianichaprovid aeprdistitms odtical system
positional relationship between a rectangular Static
exthasdths ¢igiuad interposed figc thveptixglopath rtegiten infagenpline to
on a wafer and a reference optical axis; 20 Figure 3

s cheiave aalarge slffective iomge-sideaiiimeribel spetue lapgerdtray, for
| ens and a wafer in exanples of the enbodi nent; Figure

4 stemplea 1.4nsvhibnti glatateélpriacde affectiyvecimagingpteigoan can be
system according to a first exanple of the

enssdicednt ; Figure 5 shows a lateral aberration in the
first exanple; 25 Figure 6 shows a lens configuration

of [0826d o) ‘Ebetedare pw‘ntgaam Sxposure apparafiis gndoespesiromiethod
exanpl e, of the enbodi nent; 10 FPO7-0013 Figure 7

s haswordingsicethe invssiioa; adine pattam cas bedaeswaatsly projected to
Figure 8 shows a schematic diagramillustrating an

eé&m expeppar troyghxabigh desnjutionapreieetion optical system
e[g;a?di ment, of the inventjon; Figure 9 shows a flow

c NG A HNagensiie Aumertigl Apsrivge darges dhrsoferuexample, 1.4,

devhe as ni C{ o-device,. and Figure 10 shows a fl ow

ch¥hteof zelaliyg Yo laKES neﬁ%@tavwla@agngi degwn éﬁy§@<&41'3d, and

di spl ay el enent. a mcro-devigce. Best Mde,far

caaqgwéee . t ROy dseHEe| cm‘é] 2pd phigrecdeyres can be

opti ca}. %ert em according to the invention, liquid
manutacired.

Brief Description of the Drawings
[0027]

Figure 1 schematically shows a configuration of an exposure
apparatus according to an embodiment of the invention;

Figure 2 shows a positional relationship between a rectangular
static exposed region (i.e. effective exposed region) formed on a wafer
and a reference optical axis;

Figure 3 schematically shows a configuration between a boundary
lens and a wafer in examples of the embodiment;

Figure 4 shows a lens configuration of a projection optical system
according to a first example of the embodiment;

Figure 5 shows a lateral aberration in the first example;

Figure 6 shows a lens configuration of a projectidn optical systeni

according to a second example of the embodiment;

10
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10 having a refractive index larger than 1.5 is
interposed in an optical path between a boundary |ens

and the inmage plane (second surface) so as to achieve Fpg7-0013

a large effective i mage-side nunerical aperture
(second surface- side nunerical aperture) |arger than,
for exanple, 1.4. In this case, when only refractive
index of liquid used as imrersion liquid is 15

i ncr eagtidusé Mrhowsoa titerdaberatdbnanabewesond ekaeplef a
boundary 1 ens on the object side (first surface side)

woul d g e® sheety a atlbematict aigrame illlststine sargrexpdsure
precluded, and a sufficiently |large effective i mging
r egppravatiai EXeaccandielof tocd semml ethbodaxposefithesgivention;
the case of an exposure apparatus, or an effective
field rf&guon 9 rshdves cadtowhehartt bf &0 approach sinr obtaining a
has the object plane) cannot be achi eved on the inage
p| semeiconductor deatonds aunfcacaevi¢Qa@@ Therefore, in
the present invention, the boundary lens is nade of
an opt ikiglirerhOehoats & flviw ghartraf ameppreachniseobtainingra liquid
than 1.8 in association with the high refractive
i erystaddisplay leleuent aha cwisteddevidgeh 25 the surface of
the boundary lens on the inmage side (second surface
silBest. Moge én@amrymg@p\tdhe%nwntm i cal system
according to the present .11 FP0O7-0013 invention has,k
| i[Q0R8] peRjedtipn opticabsystem geaarding tonthe inygation, liquid
pl.ane (second surface) to achieve . a,large effective
| RAYANS jadee trastive; ingex lamrttﬁa@ 1.2 4% dRigTROsediean opéical path
nynerical aperture) |arger. than, for xampl.e, 1.4

gtegn a baun @D@?qnar @ﬁ@a@g@@faﬂﬁa&%@me@gﬁweb 8p as to
SQ%beecti e field region) c be secured. |In addition,
WACRIGHE @ xFESFIECCSHIRN St 1BEHE8 LU RE geond surface-

58 S e G ued 5 UPAOR L Hgpese

SRR BERLEE hBR bR, My dinid i

CARE:5E) PB4 ShmBRUSSEG Dok g R Bty Jens on
the object side (first surface side) would be excessively large so that the
lens design is precluded, and a sufficiently large effective imaging
region (either an effective static exposed region in the case of an
exposure apparatus, or an effective field region in the case where the
second surface has the object plane) cannot be achieved on the image
plane (on the second surface).
[0029] Therefore, in the present invention, the boundary lens is made
of an optical material having a refractive index larger than 1.8 in
association with the hjgh refractive index of the liquid in contact with

the surface of the boundary lens on the image side (second surface side).

As a result, a projection optical system according to the present
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effective region of field) is secured. [0030]
Incidentally, in the present invention, it is

preferable that the follow ng conditional inequality FpQ7-0013

(1) is satisfied. In the conditional inequality (1),

Fb is a focal |length of the boundary lens, Yi is

ei ther the 15 maxi num hei ght on the i nmage plane in the
case where the second surface is the imge pl ane or

t hivemtionuhaddiqulid iaterpbsedlinemi gptivab path tbhthechfigge plane
where the second surface is the object plane. 0. 11 <

Yi {(sebordOsurtacd)lto [ &lidye |4 lasge cdffeutifee iatige-dide f alunerical
below the lower limt of the 20 conditional

i naprratet Ws¢dondesmwfme-gide hunadricalnapbribbe)oflatder than, for
boundaré | ens becones excessively |large so that it
woexaimpee, di #;, i ehile woreletivelye larger edfeictive imagmg region (or
i rra&e-gi de  nunerical aperture. On the other hand, it

i seffectivefisidrapgion)t carcbeesetured uppeaddition,: with ahexposure
conditional inequality (1 because the focal |ength
Foapparatils Bodngxp9surenmathodneecarding stov¢hy ipseptian) a fine
so that it would be difficult to properly correct .
atRattern eas beveecurataly quojesied tageffeeigexposurn throegh taohigh
achi eyve, an even | arger, i mage-side ,12 FPQ7-0013 .
nuieseluwion prejection, opticals spstene hepieg tan dmage-side mamerical
the lower Iimt of fhe gonditional inequality (1).
AdRerBRals8eond, S@rﬁw—&l e pRupsiGal c apeidure) )[arger than, for

S Ghi o Sl 205 R Lot rion (o
i L N e B
OnBgSR° i Ek M Tet A0, SO S BAND ot e
oS iBY, hden LA ESh A RS S, U, Y 8 gonditonal
OG0, AN Dbt 0Pty KIS et he
35, SO DR B o g SR ypcond
t G RiclSs Me 1RGEI PR or the maximum height on the object plane in
the case where the second surface is the object plane.
0.11 <Yi/Fb<0.15 (1
[0031] It is not preferable to fall below the lower limit of the
conditional inequality (1) because the focal length Fb of the boundary
lens becomes excessively large so that it would be difficult to achieve a
i'equired large image-side numerical aperture. On the other hand, it is
not preferable to exceed the upper limit of the conditional inequality (1)
because the focal length Fb of the boundary lens becomes excessively

- small so that it would be difficult to properly correct aberrations over a

- required image region. In order to achieve an even larger image-side
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.of the boundary | ens, where a boundary | ens having

such a large refractive index nmay be applied. [0032]

In the present invention, magnesium oxide (MO, for  Fpp7-0013

15 exanple, may be used for an optical materi al

form ng a boundary lens (i.e. an optical materi al
having refractive index larger than 1.8). The
refractive index of nagnesium oxide is on the order of

2. huerival appetate, it & préferatde 18 set 0sErs dediv lower limit of the
(wavel ength X = 193.3 nnm). Magnesium oxide is a

cr genditionak inedwalitgl (Del chddit®ratlya iﬁtmider&msgﬁip@nd correct
has 20 intrinsic birefringence. On the other hand,
al abevgtionsbven mreyiited igGd) région) Hoisapreferabhd to set 0.14 as
mat eri al belonging to a cubic system and has
i nthei npper Bimif r iThge momditiahal imequelity (H3smayebarappited not
of birefringence wth an opposite sign to nagnesi um
oxouly. td aotsjcetimagihgr typewbatadioritiorsisteml leadngsomadencave
of magnesium oxide, 25 it is preferable to have at
| eegdlecting opirrarakhd twanepticalnpatte nfioddingndeirrars, such as an
cal cium oxide so that an effect of intrinsic =
bi ¢beiiment ésoflesartbatbdrlow] sbutradsee doum oatadioptsic spstem
reduced wth a cancelling effect. The anount, of . )
bi hafing igaitirleotoncavei wflestingeminene vied, ong lingewoptisal axis
be substanti,ally |arge as conpared wi.th that of

& QlApbKF dysterher gl?ltatel,s, the bengfibjis ahtemedpwheapver the

system havjng a reducing magnification as in the 5
pr]é%lé'maryniﬁ‘éﬁt sefasties the @rgﬂspag éﬂ@%uéiltéfpzls}a gagardless of
optically transpatent nenher, made qf cal ci um oxi de at

o Wheleve ﬁomﬁgpgatmnsaﬂ@u@ﬁﬁwalaw@éer@ﬁlaSi o tlar 8 @g incidence

light.is relatively snmall and shaws sati sfactor

t ftodh houndayy ) B onhers & howsrans Jaup phagueatch a large
ef fect ..of .intrinsi bi r.ef.ri ngence of cal ci um oxi de.
sgELeHYg ?Xg?aé’rg? Per[s}Eﬁuenti ally 10 from the object

A TR ERT AR A

Prererakl v nebyde, an obticali v L ANSRALSRL TR ary lons
(i.e. an optical material having refractive index larger than 1.8). The
refractive index of magnesium oxide is on the order of 2.1 with respect
to ArF excimer laser beam (wavelength A = 193.3 nm). Magnesium
oxide is a crystalline material belonging to a cubic system and has
intrinsic birefringence. On the other hand, although calcium oxide
(CaO) is also a crystalline material belonging to a cubic system and has
intrinsic birefringence, calcium oxide has the amount of birefringence
with an opposite sign to magnesium oxide.
[0033] Therefore, when a boundary lens is made of magnesium oxide,
it is preferable to have at least one optically transparent member made

of calcium oxide so that an effect of intrinsic birefringence of
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[0034] In the present invention, calcium oxide my
al so be used for an optical material formng a

boundary | ens. The refractive index of 15 calcium FP07-0013

oxide is on the order of 2.7 with respect to ArF

exci mer | aser beam (wavelength A = 193.3 nm. In this

case, it is preferable to have at |east one optically

transparent nmenber nade of magnesi um oxi de so that an

ef fraghesiunt okidesareboirediicddratthcs c@rﬁceihhglsﬂ’écmxi dthe amount

formng the boundary |ens can be reduced with a

caoCbirefringerickasfical &g 082dd, Howdwee, jvlesewh torbeenibstantially

starting sequentially fromthe i nage plane (second

sulafge ajs, compared swithothati ofl magnesiiny oxidas pdhendfore, in a

menbers along a path of traveling light preferably

i nuiogelticnt dpteral systerophaviakl g redusitgpanagnifioationr as in the

made of magnesi um oxi de and at | east one optically

t rpneseRir enventimhet isepirefefabdeltoi disposé ¢y optigalyt irafisparent

the follow ng 25 conditional inequality (2). In the

canembesmaade o gakdimy okitle atrvlocationewhereranfangiaerange of

t hi ckness of the at | east one optically transparent,

nelﬁﬁhdencﬂ efpolight13s maladively msgalki amdoxshuews arsatisfactory
{he sum of, center t hi ckness of at |east one

oﬁ@ CEEMITCIEY dfis Wm i pBder fadsuppress| an yehiest @f. intrinsic

005<TC/TM< 3. (2) [O 36] It js not preferable to,
f&?lrefﬁmg@m hef | ealgium | fﬁq Speciisallyn asiariongl sequentially

(5 the, obidesc plati (Gt csiﬂ?%ﬁé SBep st tomshial optically
Zﬁrﬁﬁfﬁtﬁé}a%@ﬁi S q'ngéta Sehoel Trehngnigh! Sraeehly include
AR wﬂ%rgairgﬁ B abhal Ut pERe: L‘SLn?e of
30053 S Thtte %E?%cplﬁhg‘ééﬁﬁ%”wé’l%%%& qem(%tsf? S0 tiied for an
¢ Rtichl JBRlarlTRtRneY o' hundSR! I6hs. o srge f/&fndex of

opeatf e h broERst '&L\%ﬁﬁtk M55 BiF simer laser

beam (wavelength A = 193.3 nm). In this case, it is preferable to have

at least one optically transparent member made of magnesium oxide so
that an effect of intrinsic birefringence of calcium oxide forming the
boundary lens can be reduced with a cancelling effect.

[0035] In the present invention, starting sequentially from the image
plane (second surface), the first to third optically transparent members
along a path of traveling light preferably include at least one optically
transparent member made of magnesium oxide and at least one optically
transparent member made of calcium oxide, and satisfy the following
conditional inequality (2). In the conditional inequality (2), TM is the

sum of center thickness of the at least one optically transparent member
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menber) TC becones excessively large so that a
relatively large effect 15 of intrinsic birefringence

of cal cium oxide would remain. In order to have an FP07-0013

even better effect of the invention, it is preferable

to set 0.08 as the lower limt and 0.4 as the upper

limt of the conditional inequality (2). [0037] Wen

the first to third optically transparent nenbers

st afddendf mA@nesiiue Bixide,| ahd TS iR SUROST Bémee thikkhesieof at
optically transparent ‘menbers made of magnesi um oxi de
anteagpone aptigally ansizparsmt member tadefcaltivgaloxiden

oxi de, one of the optically transparent nenbers made

of nagr(hﬁﬁumf@!"{M <abdi3one of(2) he optically

transparent nenbers made of cal cium oxide are

pr {H03Ggbl it isndet! prefeable abhéill byelanw ahpr dowbr 25mitidf the

as optical contact (optical welding) to constitute a

uncemrditionak ineqireditypfd)chécaimet thet sim afteeiter thiekhess (axial
bondi ng two optical nmenbers by 15 FP07-0013 an

i ntheckness) olfanptmaﬂlryah’ans;mrenv membeisanaderof magneiiven oxide
by accurately machining surfaces of the two optical
neldsdhe demter do oﬂpm@se@ﬁg an wpticallyesansparent nieniber whendhere
surfaces. Because the amount of birefringence of

calsconlph ang member) aFebecames exnaessivelydgras sothaa gelatively
as 5 described above, an_ optical_ nenber made of

calpEge ﬁffgszt ebmtensiodirefringense ofanagnesinm oxide wanld remain.

of Slt iffjcult to hold the nenber. Use of a
o(b r:r b@nge Hsls pRfpredera %ﬂraéo lexcged she mppeﬁdnatt of the

thce lﬁs'oﬁt | dRedaliin(hr st e Surel of oA dhickRcss of
oRhEah] og@ggﬁm%%& Bl S g
tbiFiess s atpisglop feaaParal anember (whs r@e%: 4 oty one
Nﬁi‘ﬁé‘%@v%ﬁﬁﬁea%%%‘: c%‘sﬁ'g'f:iya%rér%‘é%ftheaﬁ EEH GO hiae cttect
L& 1nt1'1n51ceb1?eﬁ1ngence of calcium oxide would remain. In order to
have an even better effect of the invention, it is preferable to set 0.08 as
the lower limit and 0.4 as the upper limit of the conditional inequality
(2).
[0037] When the first to third optically transparent members starting
sequentially from the image plane include optically transparent
members made of magnesium oxide and optically transparent members
made of calcium oxide, one of the optically transparent members made
of magnesium oxide and one of the optically transparent members made
of calcium oxide are preferably bonded to each other by an approach
such as optical contact (optical welding) to constitute a united lens.

The optical contact is a technique for bonding two optical members by
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15 light used and reduce its intrinsic birefringence
to a small level by setting a value larger than 0.8

and smaller than 0.9 as x. [0039] Enbodi nments FPO7-0013

according to the present invention will now be

described wth reference to the attached draw ngs.

Figure 1 schematically shows a configuration of an
exposure apparatus according 20 to an enbodi nent of

t hem iinteemtol eculat attragive fdrceawdthanit sariys adbésinedby mccurately
parallel with a reference optical axis AX of a

prmpekining saipficesl of the ewo Miptical Ynembers Snttefcongsleimentary
a plane perpendicular to the reference optical axis
Ashapdsi andaradjorlingi thesehesyrfgesof ABecausel thandmaount of
axis is defined in a plane perpendicular to the

r diieefeingenoptofcalcinri exithé iadarge? Share thatrafi magaediynt oxide as
the pa_%e of Figure 1, [10040 The exposure appar atus

s higsaribadtabovie, goreptical pnemibde dnade bf cekcippooxiie B likely to
ArF excimer |aser source as a |ight source 100 for

priwy reiptiyely thim veltichgoften imakes podiffisult thhpld the member.
light emitted fromthe |ight source 100 illum nates a
 ddse) R, fermwel cunitedyrlensy hovvenar, pfactlgatesi bolding of the
forped, .in_a superposed manner through an_ illum nation |,
oﬂ@[%&lelwbﬂér@mqql traasparant amepabar pradee@f ealeium oxide
li.ght source, 100 and the.illunm nation optical system

| infcgrally b g rRlativelysibigk p@@paﬁﬁdm}smmt membgg made of
space fromthe Iight source 100 to the optical nenber
néBRERTSIYR @XHECreticle in the illunination optical

SPORE L RS BRI ¢ AU Bl MigaRed o
| Ml 50 B iy R B S e
I B, e SR Tl o
"3C8 O SR BB 5, RS T SV
R, R LD o, ARty Sl et

setting a value larger than 0.8 and smaller than 0.9 as x.

(0

[0039] Embodiments according to the present invention will now be
described with reference to the attached drawings. Figure 1
schematically shows a configuration of an ekposure apparatus according
to an embodiment of the invention. In Figure 1, a Z axis is defined in
parallel with a reference optical axis AX of a projection optical system
PL, aY axis is defined in a plahe perpendicular to the reference optical
axis AX and in parallel with the page of Figure 1, and an X axis is
defined in a plane perpendicular to the reference optical axis AX and

perpendicularly to the page of Figure 1.

- [0040] The exposure apparatus shown in the figure is provided with
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the whole pattern region. The reticle stage RS can be
actuated by a driving systemwhich is omtted in the

figure, and two-dinensionally noved along a reticle FP07-0013

plane (i.e. XY plane). The stage uses an

interferoneter RIF using a reticle noving mrror RMto
nmeasure the 20 position coordi nates and be controll ed
inits position. [0042] Light through the pattern

f oameduBn ekbiameretlasdre sBufcer 8 a lipht | sWuecpal 0@ fori pegeiding
on a wafer W which is a photosensitive substrate,

t hilturgindthe dimhadierposire HphfectTlon lighti emitted $tam e light
The wafer Wis retained through a wafer table (wafer
hosaterce M0 divminetéen retielie R\®2&/hich papridetdrminet pattern is
XY plane. The pattern image is forned on the wafer W

i nfarmed;tinrg siperpesed mameraheoligle ghdluminatior fdpsxal wystem
exposed 17 FPO7-0013 region; effective inmaging. o

r efi.onTdie epfecad paitle between phe hight sgercent (0 pnd dke tldumination
| ong sides along the X direction and short sides al ong

t hepticaldsyséemi ldnis eaclosed byre casigedmobshowal)) gnd in the space
corresponds_to the rectangular, jllunmnated region on . .
t hBomethe lighRsogree 1Q0 &0 the egticalomemberanenrasi tothedretigle in
awg];i ving,systemwhich is omtted in the figure,_ ,and

t dlvmiratiem apjicebsystamnoly inewmigas puelhas hebumxgas or
pl ane). The_stage wuses an_interferonetey WF using, .a .
WSO8 | WH1GhH Thas anlowo aAbseRRYEY @i expesure light, is
coordi.nates.and be controlled in its positjon. [,0043]

Fi gihsaityt L2 SRRstEnGAlY veepum satisgnauisined- a
D023 Ehe gieficle Bf oiiReRatptEA Teticls Holfkre RIT on 2.
Pt AR oRBodR PRRUSED ot 1o gkan BRDFS. cAnRgsFRdto be
ST o . P AT B i
g R R
géi@%%#ﬁ)é% @{ék Fire GEH §hE 4R3PS tali]gné &L 8f8ction within

the whole pattern region. The reticle stage RS can be actuated by a

driving system which is omitted in the figure, and two-dimensionally
moved along a reticle plane (i.e. XY plane). The stage uses an
interferometer RIF using a reticle moving mirror RM to measure the
position coordinates and be controlled in its position.
[0042] Light through the pattern formed on the reticle R forms a
reticle pattern image on a wafer W, which is a photosensitive substrate,
through the catadioptric projection optical system PL. The wafer W is
retained through a wafer table (wafer holder) WT on a wafer stage WS
 In parallel with the XY plane. The pattern image is formed on the

wafer W in a rectangular static exposed region (i.e. effective exposed
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[0044] Here, the length of the effective exposed
region in the X direction is denoted as LX, and the

length in the Y direction as LY. Therefore, although FP07-0013

omitted in the figure, a rectangular illum nated 20
region (i.e. effective illumnated region) should be
formed on the reticle R in association with the

rectangul ar effective exposed region ER, and the

| Ilegiomat&dctivgiionghas ragii of ghd éa’@ﬁ’eaiombpeieab@ﬁstem PL)
to the effective exposed region ERIn a position

dilepling dénpysideslidoagabe Kodirestiondamd shortt sidesfdlongithe Y
distance Ain the Y direction apart from 25 the

r alieatiore sptthatatheaxegiofXoplicad§] comespomdsx o he erectangular
aQﬁar atus according to the enbodiment, the 18

FROwnGOa®d iregiote oaf théerepicks Rt i drheoprafenl stagest WS Rtan be
is kept airtight between the optical nenber disposed
nessitaatedt by tahgnwmg' systerpmdrch pararhitédd pi she fizurej and two-
exanpl es) and a boundary |ens Lb anmong optical nenbers
cshtansipnally mavedpaleingca iveafes mlare(i-eyXe plae). anthe stage
the inside of the projection optical 5 systemPL has

i MSES gasinderderometpe| dgeingra ivefesgavngsmirgre VM to
for gas therein or is maintained in a supstantially

v aBeaswre the position epardinates and bg santraliedoin ite ppsisiom,
DTDBEST, ShEu DAL 2Pt B b G S
Sl o et Fo a0 L Ie Sl shosetr ey 1o Kt
| 4Bt Sguetetenss APthel Bdan o eMRFy Rl ghe dinbodiment, a
AL e A A B S S i
RSB L858, RO AP i ot
| Mgl P RS N B ASH oA PRk R0 s AX
oAbl A kRt RS, P RHEE and i
centered around the reference optical axis AX.
[0044] Here, the length of the effective exposed region in the X
direction is denoted as LX, and the length in the Y direction as LY.
Therefore, although omitted in the figure, a rectangular illuminated
region (i.e. effective illuminated region) should be formed on the reticle
R in association with the rectangular effective exposed region ER, and
the illuminated region has a size and shape corresponding to the
effective exposed region ER in a position displaced by a distance
corresponding to the off-axis distance A in the Y direction apart from
the reference optical axis AX.

[0045] In the exposure apparatus according to the embodiment, the
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boundary | ens Lb and the wafer W and optical paths
between the boundary |lens Lb and the pl ane-parall el

plate Lp and between the plane 20 parallel plate Lp FP07-0013

and the wafer Ware filled with liquid (nmedium Lm
having a refractive index larger than 1.5. [0047] In
this way, an atnosphere in which little exposure |ight
may be absorbed is fornmed over an optical path from

t hinside o theusrofectith bpticahsysteinePI\Ws Keptdgiztiphb®etween the
above, the illum nated region on the reticle 25 R and

t heptitaltmentbop eligsbsedgienresti toghe etfielet (planepartird plate P1 in
region) ER on the wafer Whave a rectangul ar shape

obéxargples) tahd aXbdundaty ms LB ankdy opiial menebebwonstituting
when driving systens and interferoneters (RIF, WF)

ar theusregedtorc optical sytshemrflj ane the anidevef ¢ie Paojectibrioptical
positions, while the reticle stage RS and wafer stage
WSy stemePl, hdseinest gas subhasdhelaimr ga§y or aitrogen substituted for
synchronously noved (scanned) along the Y direction, a

r egdsc|tbe®ipaor asnmaintainedein andubstantiallyorvachemiestate. In
Win a shot region (exposed region) that has a width
ecddition, dn x tamrowt iopticabrpath batwesen tthe dhuminatioa optical
exposed region ER and a | ength corresponding to the
scafsteranbuand thoproreationrapiica) spstenhPLyarhkgrevthe retial) R, the
Incidentally, in order to keep the optical, path .
beltefisln stage’ RBoand thadike menslisposet, the ipsidpeet povasing (not
optical_system PL and {he wafer W filled with the .

TS sAqlpsine: the Tetisla I dne Reticlptage Ricard dhmiikg is filled
and, . exposure in_a step-and-scan,exposure gpparatus X

t n¥ithg A5 SHICH 28 JUHIRERY ahd1ekiuse Zase OFAS | Baganed in a
wafer Wi s being noved relative to the projection
0 %égﬂnt@jlé't\é@ﬁ 1 St€nni ques di scl osed in

PABAPT | aFiifesen rtematically SBoWes amgprielsalen between a

PTG 57 0BEG Weltin PRemPIcona Faed nsoh | Referring

Plis 1tg%ﬁ‘e | ??ﬁle %ﬁﬁﬁ&a}; Yerts LB has positive refracting power and its
convex surface faces the reticle side. In addition, a plane-parallel plate
Lp is insertably and removably disposed in an optical path between the
boundary lens Lb and the wafer W, and optical paths between the
boundary lens Lb and the plane-parallel plate Lp and between the plane-
paralle]l plate Lp and the wafer W are filled with liquid (medium) Lm
having a refractive index larger than 1.5.
[0047] In this way, an atmosphere in which little exposure light may
be absorbed is formed over an optical path from the light source 100 to
the wafer W. As described above, the illuminated region on the reticle
R and the static exposed region (i.e. effective exposed region) ER on the

wafer W have a rectangular shape oblong in the X direction.
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supplied froma liquid supply apparatus through a
supply pipe and a 20 di scharge nozzle so that the

optical path between the boundary lens Lb and the FP07-0013

wafer Wis filled, and collected by the liquid supply
apparatus through a collection pipe and an entrance
nozzlie fromon the wafer. On the other hand, the

techni que di scl osed in Japanese Patent Laid- Open No.

HeThdf{Sfe3 bilen adrivingr symbarr ahdliheerferohtstord (RIF.0 WIF) are
shape of 25 vessel so that liquid can be contai ned,
angkeidhto vafieo]l YMe scticlsi Ri o tvaded W riat thiefregobiyionss wiiile the
contact (in the liquid) at the center of the inner 20
FReTichO4tage RS aad whfsretdige WS namoht the, retivde R andfwafer W,
the projection optical system PL, and therefore an
oparecsynghiraneusly tiwvedafscamied® adbnghthebdirdizeofion, emseeticle
Lb, conmes into the liquid. [0050] In exanples of the
erpadtiirners scamned pinel iaxqpiosedir dmcthei svafsr r Wprims anshat rggion
the follow ng e&;&tion (a), where height in the
di(esposeshregionp éati has arwidsh aquebto aal Xadirection Jengthd X of
di stance (anount of sag) _al on the optical axis fraom

a the siteativecomased region Eitanda lsagth comespepding taathe scan
surface to a position on the aspherical surface at the
heémeent(mevemenhamougd) othsr wetanWeure of the vertex

5] ko o ot ot gl e e
SSRGS A8y, s el e BELSEA vt W
5B R 05 il YA b g st
+C12*Y12+Cl4Y14+. .. (a) 15 [0052] In addition, in .
eXXRPFEE dp ?hét%]&én R r&PE@ﬁ%% T-%@E;t gecgmplishes
gég%%aﬁcﬁﬁﬁggﬂrg Sonifh e %‘Vafflérr W isi ggﬂ{gnglo%tdi r%?elttive to the
projection optical system PL, techniques disclosed in International
Publication W099/49504 and Japanese Patent Laid-Open No. Hei 10-
303114 may be used.
[0049] In the technique disclosed in International Publication
W099/49504, liquid conditioned to a predetermined temperature is
supplied from a liquid supply apparatus through a supply pipe and a
discharge nozzle so that the optical path between the boundary lens Lb
and the wafer W 1s filled, and collected by the liquid supply apparatus
through a collection pipe and an entrance nozzle from on the wafer.
On the other hand, the technique disclosed in Japanese Patent Laid-
Open No. Hei 10-303114, a wafer holder table is formed into a shape of

vessel so that liquid can be contained, and the wafer W is positioned and

. retained by vacuum contact (in the liquid) at the center of the inner
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formng a first internedi ate i nage of the pattern of
the reticle R disposed at the object plane (first

surface), a second i maging optical system G for FP07-0013

form ng a second internediate i mage (an i nage of the

20 first internedi ate i nage, or a secondary inage of

the reticle pattern) of the reticle pattern based on
light fromthe first internmediate inage, and a third

| nbgitom thereof! Aﬂdﬁt&m;iﬁé/,fthe tiprofl the prdjedtidn opeieal efstem
the reticle pattern (reduced image of reticle

paPLeani thetreforsenvepticaMptlinepos efteatvafélside0df @l Boundary
the 1 mage pl ane (second surface) based on light from

t hiens ddgrdmes artoehke digeid.mage. Here, both the first

i magi ng optical system Gl and the third inmaging

opitd0S8] s¥st exartplesr efatl @mbodinserstt ean asplieticel surface is
second i maging optical system@& is a catadioptric =
syﬁﬁpeeﬂemh@é byrthieudlowisigee quationv@)y wihese hienghtrinrtherdirection
CM [0053] In addition, a first flat reflecting mrror
(fperpendisidamtp am opticpl axds isgy, dhe ghstatce fasmouapoif sag) along
path between the first inmaging optical system Gl and

t Hbequiinad aximfjony aqpane an coptacs with thevertexsefcihwdspherical
flat  reflecting mrraor (second folding mrror) M is
disiicsdia a nesidpriunthe aspharica sunkise aththesbelghd y 1s z, the
imagi,ng optical system & and the third imaging
opedt ok guretissof the vartexvay, the constapt of ébe icone is x, and
optical., system PL .of the exanples, light fromthe

r 0P d1-th RrelgF ﬁ@eftjﬁ@em PgtaSP REIERIS fja@% 1$ fage 1oy expaples, a
reticle pattern near the first flat_ reflecting, mrror
viens,siriage shaperl 8o aRugihisissl isuface,isidsnatad bia symbol

light fyom t first internediate image then forns
t he 588%?1515]{]2@;@@& € I.of the reticle pattern

ni@b M]e second flat reflecting mrror M2 through the
S Rdl i magi ng optical system G2. The |ight fromthe
second internediate image further forns the final

i mage: Gf fhe /et ¢l e- it ghmy’ ghtld he wafer Wt hrough
the third i magi ng optical system G3. 20 [0054] In
addi t iHeq, -y nrtheybrgj egtion aptical system PL of the

4 6 8 10

+C_y?+C -yM+--- (a)
2 14

[0052] In addition, in examples of the embodiment, the projection
optical system PL is provided with a first imaging optical system G1 for
forming a first intermediate image of the pattern of the reticle R
disposed at the object plane (first surface), a second imaging optical
system G2 for forming a second intermediate image (an image of the
first intermediate image, or a secondary image of the reticle pattern) of
the reticle pattern based on light from the first intermediate image, and a
third imaging optical system G3 for forming a final image of the reticle

- pattern (reduced image of reticle pattern) onto the wafer W disposed at
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i SRS opPHEa] S¥

exanples, the first imging optical system Gl and the
third imaging optical system G3 have optical axes AX1

and AX3 linearly extending along the vertical FP07-0013

direction, and the optical axes AX1 and AX3 coi ncide

with the reference optical axis AX. On the other hand,
the second 25 imaging optical system & has an opti cal
axis AX2 (perpendicular to the reference optical axis

AXhd iinegel pland deetorgl avefiged bavedz omt dight2&om the second

FPO7-0013 direction. In this way, the reticle R the

wairgertii¢diatd inpigec alHereptiwoth thenfitstt ihagiget bptitalr system Gl

i magi ng optical systemd, and all optical nenbers

comsd itheithird integingiopdidaisystem €3 iacala dippteons@stean,cand the

di sposed in parallel with each other along a plane

or sdeondnizhagingt dptichl sgsteim idis 5 cgtadioptric system that includes

hori zontal plane. In addition, each of the first flat

r ed ceneavyrefieating mirran€Nhe second flat reflecting

mrror M2 _has a reflecting surface angled at 45 .

delfidsd rkn addition, » divst flef ireflecidng fratreor gfitst fohding mirror)

first flat reflecting mrror M and the second fl at .

r Mleds idigposadr e anvepiical ipatle heswiepn cihes firsic imaging @ptical

singl e optical nmenber. Additionally, 10 in exanples,

t st (ad ianghthepiecend imagingropticahsysteme(ids andra second flat

confjguration with respect to both the.ohject and .

i & %gnaemlrrpodsgaonf Folding ey ) é}dklwdlspoaecﬁl dnan optical

di a t hat shows the Lens,configuration of . a 1 )

prm%2??W%btt gafe URAEmGIIaa) systemy (G @d‘gﬁb@ gthird

of. t hi.s enbadi nment.. %%erri ng.to Figure 4, a first .
SIEML il HHE Wa¥oejlBcthiopralsetion optical

SRR b Shahe et nblS, S ST SRR e it
P iR, el S e A 058 TS M i
5081 SR TRE BBl oA a1 51 i e from
T 3AL st tePBlediate image then forms the second intermediate image
of the reticle pattern near the second flat reflecting mirror M2 through
the second imaging optical system G2. The light from the second
intermediate image further forms the final image of the reticle pattern
onto the wafer W through the third imaging optical system G3.
[0054] In addition, in the projection optical system PL of the
examples, the first imaging optical system G1 and the third imaging
optical system G3 have optical axes AX1 and AX3 linearly extending
along the vertical direction, and the optical axes AX1 and AX3 coincide
with the reference optical axis AX. On the other hand, the second
imaging optical system G2 has an optical axis AX2 (perpendicular to

the reference optical axis AX) linearly extending along a horizontal
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side, a positive neniscus |ens L14 whose convex
surface facing the reticle side, a negative neniscus

| ens L15 whose concave surface facing the reticle FP07-0013

side, a negative neniscus |lens L16 whose concave

surface 25 facing the reticle side, a positive

nmeni scus | ens L17 whose aspherical - shaped concave
surface facing the reticle side, a positive meniscus

| edizectzSn.FPOT thi8 hday LthkSretiehs B, aho caxfer SV Hcspti@dimembers
the reticle side, a double-convex | ens L19 whose an
aspimestitotihg s tixp efirst oimeagirgyr btdeall agisteen t Gd, wahér all optical
side, and a positive nmeniscus |lens L110 whose an
asmieanberalcosstingihg tecthied imapimg eptieal swustémeGBadrer disposed
side. 5 !005_6 A second imagi ng optical system &

C ampps 1 with eadkrothenalorighe plene drthogonal to the ditestion of
entrance side) along the forward optical travel path,

a grayilyl, ver reedicsiamntalempdane1 \Ehoaddiskm eedatnlofs apefirst flat
concave surface an facing the reticle side, a ‘
netgdlectiagnanitror M 1| end the2sedwxk flat etleetingumficroe M2 has a
facing the reticle _ side, and a concave reflecting

~ niteilseting suxfaseongled at 45 degredsusdative tonthe tesicle sufaee, and

side. Athird jmging, optical system G3 conprises, in,
ortgGrﬁJfSlt dhattnedlectingomirrer M| andthe secend flahireBasting mairror
L31 whose cogﬁave surface facjng the reticle side, a.

ddvigl aredptrgrlly epnstraotedasye shigle ophivakmeanben 33Additionally,
pasitive |lens |34 whose aspherjcal surface facing the |
wefle exgmRles,a tﬁ%uﬁr@ﬁeaﬁaa@@ucé sSyigtemsPlanbas a telecentric

asphersi cal.- shaped concav ur,f ace. f aci the reticle
< iETIgT TR Wit gespest & beth theobiset apd dwage sides.
aiggggical-shaped concave surface facing the wafer
silde; doubl e-convex | ens L37, a |lens L38 whose

her ical f f aci h i cl i de, [
rIRRSEESBmale] 1 56° Whose aspher | cal - shaped concave
our 258108 30 Bl 508 vl B YO0 S B of o
e o5 B P A B oESRs S Bociment
f‘i‘féf@?riﬁg eto"‘%@'hré ! Q,e’a %‘u%?sh{ihéﬁ*xg optical system G1 in the

projection optical system PL related to the first example composes, in

order from the reticle side, a plane-parallel plate P1, a positive meniscus
lens L11 whose convex surface facing the reticle side, a positive
meniscus lens L12 whose convex surface facing the reticle side, a
positive meniscus lens 1.13 whose aspherical surface facing the wafer
side, a positive meniscus lens L14 whose convex surface facing the
reticle side, a negative meniscus lens L15 whose concave surface facing
the reticle side, a negative meniscus lens L16 whose concave surface
facing the reticle side, a positive meniscus lens L17 whose aspherical-

shaped concave surface facing the reticle side, a positive meniscus lens
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meni scus | ens L314 whose aspheri cal - shaped concave
surface facing the wafer side, a plane-convex |ens

L315 whose plane facing the wafer side 25 (a boundary FPQ7-0013

| ens Lb), and plane-parallel plate Lp. [0057] In the

first exanple, a liquid Lmhaving a refractive index

of 24 FPO7-0013 1.64 with respect to an ArF exci ner

| aser beam (wavel ength X= 193.306 nn), which is the

| i B8 wiodeecorsawe(duirfacexfaoiy thd tetield sides afddubdel-conver lens
optical path between the boundary |ens Lb and the

pl Bh®-whosd belasphatieal-tapetdcanverp sirdfate fatingbieweafer side,
the plane-parallel plate Lp and the wafer 5 W It is
poarsd blpositivelsenisguselens I(10HP WbidsCdnCriphideicaldkhaped concave
heptane (C7H16) and the like as the liquid of this

ki swifadenfacing ther eaferesidepl e, t he pl ane-convex | ens

L315 as the boundary lens Lb is nmade of nagnesi um
oxfi0fs 6] Myd) seicand imagingfopiioal westenu€x2 oomprisesj irhorder from
respect, to the light to be used, the plane-parallel
pltheeretisle sidentiee. dhe ientrancsi sidehaieng (d@@maud agtigal travel
refractive ipdex of 2.7 with respect to_ the ght to
bePatBe 8, negaint manisqughlens had sﬁgaspbnﬁ@alsslmm%a@cave
of silica (SiO2) havj ng a refractive index of

1. 936 REEAN \fiinﬁgr spsticle sidend negative memscussisas L22 whose
[ 0058] Tablte el ow gi ves valcﬁésq{éi paraneters of the,
prcd]l@é‘f/f’@#r aes 5&%1‘416 ESIEQ et ACEMCAYE (TR eeﬁmgtmlrror

In Table 1, de ofes , the.cent.er wave
omévelé&ﬁﬁogwwq awe % acie the éeféﬁ eaSIEPOJ e%t lmagmg

. %qlﬁ@;lcakk%?@m in ?%Sal | ficatd ﬁ%et]t”?gﬁil?réb(ie 2 positive

&ﬁﬂﬁnﬁﬁfﬁe HeShelr 3t Waose ﬁ?@l%?? Siefot, ARE W 55 side, a

cABRFD n 3eh £327 B i tEieoniVaingSpR L. & pegiive fens L34
| d

(ol B risel Spel BT E B Sl ve FohBIrahtiive fens

(tghey %\H‘FOGSB RphefGafiRifed L8fieave surface facing the reticle side, a

negative meniscus lens L36 whose aspherical-shaped concave surface
facing the wafer side, a double-convex lens L37, a lens L38 whose
aspherical surface facing the reticle side, a negative meniscus lens 139
whose aspherical-shaped concave surface facing the reticle side, a
double-convex lens 1.310, a double-convex lens 1.311, a double-convex
lens 1312, an aperture stop AS, a positive meniscus lens L313 whose
aspherical-shaped concave surface facing the wafer side, a positive
meniscus lens 1.314 whose aspherical-shaped concave surface facing the
wafer side, a plane-convex lens L.315 whose plane facing the wafer side
(a boundary lens Lb), and plane-parallel plate Lp.

[0057] In the first example, a liquid Lm having a refractive index of
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[ 0059] The surface Nos. denote the order of surfaces
fromthe reticle 25 side along the path of Iight rays

that travel fromthe reticle surface as an object FP07-0013

plane (the first surface) to the wafer surface as an

i mage plane 25 FP07-0013 (the second surface), r

denotes the radius of curvature of each surface (in

the case of an aspherical surface, the radius of

cul At with rebpa@rtbe ArFekciflefRReF BeainGvavdldhgth A= 193.306
separation of each surface, i.e., the surface '
sepaatitdoh (isnthe laglet to Benmeds(thbeexpfsuae light),i isdled in an
with respect to the 5 center wavel ength. Incidentally,

t hepticalfpath betpeeat therboluodmandens ilits andithe ané-paratie] plate
reflection occurs. Therefore, the signs of the surface

s ebpratd amoptiealepath detweenithe plenespatatiel Fbaste HLp andithdrevafer
refl ecting surface of a first plane reflecting mrror

M W.o tHe isopossible efd ease rglyoeral o CEM[ OEDCHOTHE€H,[OH]),
optical path froma second plane reflecting mrror M

t cheptane 6 Hmyengd! theelikndasathe gugiidi of this kinder In the first
optical paths. [0060] And in_the first inmaging optical
syetample, the planexapnves lenuL3ddwasethst bowadarynleagdsb is made
tovErd the reticle side are positive,. and the radii
folc yRagnasiemopxide (Mgolvbavingnar tefragivetindes ef dbl with

are negative. . ln the second inmaging optical system
Gresperd toathg light dorheiised, the p}mleiparéﬁﬁ&al@t@ pvisrimade of

the entrang i.d the retigle side) algng the forward
opftalem 9?6&&(%@&) ayMme aagfrapu‘é¢ indax pha-F 5 regpect to the

curvature of the . convexes towar.d.the entrance si(de .
- aﬂﬁﬁéaahq %e.i R piler ﬁgﬁa-tr%gﬂrlﬁgig mﬁm%ﬁtrs agysma&s: s silica

t he,. i i .of curvature of t s toward the .

: I8i0hEhayifs SRR index ol SoNEZs Eavitl Brsnest tnths light to
of, the convexes 20 toward the reticle side are

né?fa‘[l? . Incidentally, the notation of Table 1

Sgﬁhﬁgfeﬁ e eoe%bw[ %%%L va utélseo yaraél'c\e/%rg of the projection
optical system PL related to the first example. In Table 1, A denotes
the center wavelength of the exposure light, B the size of a projection
magnification (imaging magnification of the whole system), NA the
numerical aperture on the image side (the wafer side), B the radius of an
image circle when on the wafer W, A the off-axis amount of an
effective exposure region ER, LX the size of the effective exposure

| region ER along the X-direction (the size of the long side), and LY the
size of the effective exposure region ER along the Y-direction (the size
of the short side).

[0059] The surface Nos. denote the order of surfaces from the reticle
side along the path of light rays that travel from the reticle surface as an

object plane (the first surface) to the wafer surface as an image plane
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. =193. 306nm 25 (3=1/4 26 FP07-0013 NA=1. 5 B=15.
4mm A=3mm LX= 26mm LY= 5mm (Paraneters of optical

menbers) Surface No. r d n Optical nenber (Reticle FP07-0013

surface) 56.505360 1 00 8.000000 1.5603261 (P1) 2 co
3. 000000 3 332.11336 23.093116 1.5603261 (1,11) 4
21941. 06735 28. 154649 5 332.11224 21.296182 1. 5603261
(L12) 6 522.44465 153.940083 7 165. 15684 67.515709

1. Gh0326dnd lsldfaced r deABRBOHRORAIUS of 39ik0bN e i3edtiifidrface
57.000570 1.5603261 (L14) 10 178.35751 72.908214 11

- 1(ifh. the02Be 58 A bbpherdicH6OaTodk, (the Tadius2of LAbvAGRI4t vertex:
67.381391 13 -110. 31593 12. 000000 1.5603261 (L16) 14
- 16un )} 7@ 5Reriotes THd Sixid* separioR A0 6adlD s06faee i.e., the surface
1.5603261 (L17) 5 16 -178.26344 10.898723 27
separation (mm), and n denotes the refractive index with respect to the
center wavelength. Incidentally, the surface separation d changes its
sign each time reflection occurs. Therefore, the signs of the surface
separation d are negative in the optical path from the reflecting surface
of a first plane reflecting mirror M1 to the concave reflecting mirror CM
and in the optical path from a second plane reflecting mirror M2 to the
image plane and are positive in other optical paths.
[0060] And in the first imaging optical. system Gl, the radii of
- curvature of the convexes toward the reticle side are positive, and the
radii of curvature of the concaves toward the reticle side are negative.
In the second imaging optical system G2, the radii of curvature of the
concaves toward the entrance side (the reticle side) along the forward
optical travel path and positive, and the radii of curvature of the
convexes toward the entrance side are negative. In the third imaging
optical system G3, the radii of curvature of the concaves toward the
reticle side are positive, and the radii of curvature of the convexes
toward the reticle side are negative. Incidentally, the notation of Table
1 applies to Table 2.
[0061]
Table (1)

(Main parameters)

1 =193. 306nm
B=1/4

26



FPO7- 0013 17 -181. 03000 60. 000000 1.5603261 (L18) 18
-180.54715 1.193658 19 540. 03108 39. 864236 1.5603261

(L19) 20* -1368.71929 1.000000 21 221.55125 32.784952 Fp(7-0013
1.5603261 (L110) 22* 3443.76334 69.000000 23 co

-224. 625406 (ML) 24* 138.38475 -12.500000 1.5603261

(L21) 25 838.03169 -41.894757 26 122.79597 -18. 000000
1.5603261 (L22) 27 305.69094 -32.611741 28 166. 36416
32.611749A€) 5 29 305. 69094 18. 000000 1.5603261 (L22)

30 122.79597 41.894757 31 838.03169 12.500000

1. 560328 (1P14mrm32* 138. 38475 224. 625406 33 00

-64. 048895 (M2) 34 3037.95158 -31.356823 1.5603261

(L31) 3E=2Bmny8296 -55.563654 36 - 3232. 21039

-44.050510 1.5603261 (L32) 37 546.41895 -14. 472099 38

- 373. 24338=20m@00000 1.5603261 (L33) 39 4128.51422

-102. 814640 40 -235.89294 -60. 000000 1.5603261 (L34)

28 FPO7lo91zoma* 2000. 00000 - 34. 617333 42* 205. 10801

-12, 000000 1.5603261 (L35)
(Parameters of optical members)

Surface No. r d n Optical member
(Reticle surface) 96.505360
1 co 8.000000 1.5603261  (P1)
oo 3.000000 |
332.11336  23.093116  1.5603261  (L11)

2
5

4  21941.06735  28.154649
5 332.11224  21.296182  1.5603261  (L12)
6 522.44465  153.940083

7 165.15684  67.515709  1.5603261  (L13)
8 —100000.00000  1.239165

9 123.01479  57.000570  1.5603261  (L14)
10  178.35751  72.908214

11 -111.70020 58.091111  1.5603261 (L15)
12 -185.38994  67.381391

13 -110.31593  12.000000  1.5603261  (L16)
14  -164.47858  7.017118

15% ~2506.89396  60.000000  1.5603261  (L17)

16  -178.26344  10.898723
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43 -175. 46402 -30.414779 44 -663.82879 -21. 841705
1.5603261 (L36) 45* -186.86524 -9.073172 46
-341.50340 -54.412462 1.5603261 (L37) 47 327.31115
-8.231048 48* co -22.994923 1.5603261 (L38) 49

681. 92829 -37.021427 50* 201. 26070 -12. 243005
1.5603261 (L39) 51 467.77517 -5.348484 52 -1841.61164
-57.556691 1.5603261 (L310) 53 391.71750 -1.000000 54

FP07-0013

1 000kt s (B68T0MEe, EEatyco Lvttpgde((615)
*3aa 44380 - THGEEIR 1 J6HRGE (1313) 60

-6072. 75156 - 1. 000000 61 -103.38714 - 47.063379
1.560326% (LI 03188 - B886ALSH1 - 1.9663860 63 (L19)
-88.30984 -52.565704 2.1 (L315:Lb) 29 FP07-0013 64

CO - 3. 080H00-1868471926) 651.000Q0Q. 571429 2.7 (Lp) 66
CO -3.000000 1.64 (Lm (Wafer surface) (Data of
aspheri 8hl sW2laddp SO2f7B49528 1.5603261 (L110)
22%  3443.76334  69.000000
23 o -224.625406 (M1)
24%  138.38475 -12.500000  1.5603261  (L21)
25  838.03169 —41.894757
26 122.79597 -18.000000  1.5603261  (L22)
27  305.69094 -32.611741
28 166.36416  32.611741 (CM)
29  305.69094  18.000000 1.5603261  (L22)
30 122.79597  41.894757
31  838.03169  12.500000  1.5603261  (L21)
32%  138.38475 224.625406
33 co -64.048895 (M2)
34 3037.95158 -31.356823  1.5603261  (L31)
35  284.78296 —55.563654
36 -3232.21039 -44.050510  1.5603261  (L32)
37  546.41895 —14.472099
38 -373.24330 -60.000000 1.5603261  (L33)
39  4128.51422 -102.814640
40 -235.89294 —60.000000 1.5603261 - (L34)
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K=0 C =-1. 58520X10-' C =2. 19792X1012 4 6 5 C =-1.
08598x1016 C =1. 16657X1022 s to C =3.05171X1025 C
=-1.41802X1029 12 14 C =2. 13247X1034 16 Surface #15 Epg7-0013
=0 C =-3 . 23042 X 10 8 C =1. 44765 X 10-1' 4 6 C

=-5. 17111X1017 C =2.46719X1021 8 10 C =-1. 31638X105

C =6. 62583X10" 12 14 C =-1.73316X1034 16 Surface #20

it =0 C =8. 69903 X 108 C = -4. 13871 X 10-1' 4 6 C

= 2. 6ib69x2000.080005 —3defsE22 a 10 C =4. 74002 X

1026 C = -1. 67878 X 10 so 12 14 C =2.55280X1035 10

16  42%  205.10801 ~-12.000000 1.5603261 (L35)
43 -175.46402 —30.414779
44 -663.82879 -21.841705 1.5603261  (L.36)
45% -186.86524  -9.073172
46  —-341.50340 -54.412462  1.5603261 (L37)
47 327.31115  —8.231048 |
48% oo -22.994923  1.5603261  (L38)
49  681.92829 —37.021427
50%  201.26070 —12.243005  1.5603261  (L39)
51  467.77517  —5.348484
52 -1841.61164 -57.556691  1.5603261  (L310)
53 391.71750  —1.000000
54 -1066.37400 —48.185489  1.5603261  (L311)
55  634.92808  -1.000000
56  —286.21667 —65.944769  1.5603261  (L312)
57  3644.46643  —1.000000
58 o -1.000000 (AS)
59  —244.44879 -78.335946  1.5603261 - (L313)
60% -6072.75156  —1.000000
61 -103.38714 -—47.063379  1.5603261 (L314)
62% —181.11841  —1.000000
63 ~ -88.30984 -52.565704 2.1 (L315:Lb)

29



10

30 FPO7-0013 Surface #22 =0 C =-3. 37303x1010 C =5b.
84613X1013 4 6 C =-1.34897X10'7 C =8.67441X1022 a 10

C =-8. 02773 X 1026 C =3. 72367 X 10 30 12 14 C FP07-0013
=- 6. 75336X1035 16 Surface #24 and surface #32 (the

identical surface) k =0 C =-9. 33259X10 8 C =-4.

93088X 10-13 4 6 C =-1. 23800X1016 C =-7. 97756X102' 8

10 C =5.17758X1024 C =-7. 83227X1028 12 14 C

=5.04843X10-32 16 5 Surface #41 =

62270X108 C =1°° 11799x 802300005 01:544 702@)@1})17 C

=9. 556ﬁ§? 1012 8 10 C =-1.95001X1026 C =-2.23863X1031

o0 -11.571429 2.7 (Lp)
66 oo —3.000000 1.64 (Lm)
(Wafer surface)
(Data of aspherical surfaces)
Surface #8
k=0

C,=—1. 58520 10° C =2.19792X 107
C =—1. 08598 107 C _=1.16657x 107

C_=3. 05171X107% c =—1. 41802x107%

C_=2.13247x 107
Surface #15

k=0

C,=—3. 23042X 107 C =1.44765X 107°

C =—5.17111X10™" C =2.46719X10™
C_=—1.31638x 107% C =6.62583x 107
C =—1.73316x10"

Surface #20

k =0

C,=8.69903X10° C =—4. 13871x10™

C =—2.61569x10™ C =—5.26670X10™"
C_=4. 74002 X 107 C =—1.67878X 107

C_=2. 55280 107
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12 14 C =1.60578X1035 16 Surface #42 it =0 C =-5.
79158X108 C =1. 53532x1012 4 6 C =-1. 55397X1016 C

=9. 29402X108' 8 10 C =-3.21639X1025 C =5.30457X1030 12 Fp(7-0013
14 C =-1.52634X1035 16 10 31 FP07-0013 Surface #45 r

=0 C =7. 07396 X 10 8 C =-4. 48767X 10 13 4 6 C =4.

51716X10" C =-3.07038X1021 8 10 C =1. 78922 X 10 25

C = -4. 98907X103 12 14 C =-1.23423X1035 16 Surface

#48urfiedH22
k=0
C,=—3.37303X10™ C =5. 84613x10™"
C,=—1.34897X107"" C _=8.67441X10™
C_=-8.02773X10” C =3.72367x10"
C =—6. 75336 107

- Surface #24 and surface #32 (the identical surface)

k£ =0

C,=—9. 33259 10° C =—4. 93088 107°

C =—1. 23800 107° C _=—7.97756X 10
C_=5.17758X10" C =-—7.83227X107"

14

C_=5. 04843 107%

Surface #41
g =0
C,=—3. 62270X 107 C =1.11799X 107
C =—4. 70237X 1077 C_=9. 55647 X 107%
-31

C_=—1. 95001 10 C,=—2.23863%10
C_=1.60578X 107
Surface #42
k=0 _
=—5. 79158X 10" C =1.53532x10™
=—1. 55397%X107° C _=9.29402X 107™

4
8

C
C
C_=—3.21639X10™ C_,=5. 30457X10™
C _=—1.52634X 107

2
6
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C =4. 07377 X 102 C =6. 93833 X 1013 4 6 C =3.
73140X10" C =7. 13911X1022 8 10 C =- 8. 82950X1026 C
=7.79608X1036 12 14 C =-4. 19073X 10 34 16 5 Surface Fp7.0013
#50 e5=0 C =1. 23943 x 103 C = -6. 49568 X lo-" 4 6

C =1. 52799 x 10 " C =-5.31249X 1022 8 10 C

=-7.71608X1027 C =-1.92564X1032 12 14 C =3. 48432X 10

35 16 Surface #60 r =0 C = - 2. 74864 X 10 6 C =1.

708dade #432 4 6 C =-8. 65407X1017 C =3.89488X1022 8

10 C =4. 18042 X 1026 C =1. 17634X 10-21 12 14 C

=- 1. 4148Gx1033 C =6.18963x1038 16 18 C =- 1. 05698X1042

C,=7. 07396 X107 C =—4.48767x10™

C =4.51716X 107" C _=—3.07038X 10™
C =1.78922X10™" C, =—4.98907x10™
C =—1.23423% 107

Surface #48
k =0
C,=4.07377X10"° C =6. 93833X10™"
C,=3. 73140X10™ C =7.13911X 107
C,=—8.82950X10™ C =7.79608X10™"

12

C_=—4.19073x 10

Surface #50
k=0
C =1.23943X 10° C =—6.49568% 10"
C =1.52799X 107" C _=—5.31249% 107
C =—7.71608xX10™ C,=—1.92564x10™
C_=3.48432X 10

Surface #60
k =0
S C=-z 74864%X10° C =1.70444X10™"
C,=—8.65407X10" C =3.89488x10™
C=4.18042X 107 c, =L 17634%x10°7%
C_——1.41480x10™" C_=6. 18963 X 107
C_=-—1.05698x10™
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5

10

15

20 32 FPO7-0013 sSurface #62 ic =0 C =-1. 25568X10" C
=-1. 56676X1011 4 6 C =4. 40757X101fi C =-1.65332X1019
8 10 C =-2.56855X1024 C =-1.64472X1028 12 14 C FP07-0013
=-1.05509X103 C =2.55094X1034 16 18 C =-2.49917x1038
20 (Val ues corresponding to condition expressions)

Yi =15. 4mm Fb =131. 662mm TC=11. 571429mm TM= 52.
565704mm (1) Yi/Fb=0O 117 (2) TG TM=O 220 5 [0062]
Fi $irfacd#62 a di agram that shows the | ateral
aberrations in the first exanple. In the aberration
di agram =9 denotes i nage height. As ‘i s apparent from
the aberration diagram,of Figure 5, in first
exanpl €,= The ?@@&&%ﬁﬂong Are 1webb 76oF El@ct ed with
respect ‘to the exci neJs | ader beam havin 2 wavel engt h

of 193%“6@ MRTH SPit e of fhe ¥-a€838Rat1@ very large
10 o4 t —and

ol it oary 1 S B E KR ?5 xbobuPA172g THUER (56 mm
XS ”“?:welfe—fe(%‘éﬁé’xm C_=2.55094X10°™

C, =—2.49917X 10°%

(Values corresponding to condition expressions)
Yi=15. 4mm
Fb=131. 662mm
-TC=11. 571429mm
TM=52. 565704mm
(1)Yi/Fb=0. 117
(2)TC/TM=0. 220
[0062] Figure 5 is a diagram that shows the lateral aberrations in the
first example. In the aberration diagram, Y denotes image height. As
is apparent from the aberration diagram of Figure 5, in the first example,
the aberrations are well corrected with respect to the excimer laser beam
having a wavelength of 193.306 nm in spite of the fact that a very large
image-side numerical aperture (NA = 1.5) and a relatively large

effective exposure region ER (26 mm x 5 mm) are secured.

' [0063]

[Second Example]
Figure 6 is a diagram that shows the lens configuration of a
projection optical system related to the second example of this

embodiment. Referring to Figure 6, a first imaging optical system G1
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[0063] [Second Exanple] Figure 6 is a diagramthat
shows the I ens configuration of a 15 projection

optical systemrelated to the second exanple of this Fp07-0013

enbodi nent. Referring to Figure 6, a first imaging
optical system GL 33 FPO7-0013 in the projection
optical systemPL related to the second exanpl e
conprises, in order fromthe reticle side, a

- plianehe gpmljéetion| aptieaPlsystemp®3) trelagedreiol esisebond éxtdmple

whose convex surface facing the reticle side, a
posithpyisestein seder frons thé Zreviehs sidygny plasspheadiel fplaten @1, a
the reticle 5 side, a positive nmeniscus |lens L13 whose
aspdmtive ahemsiscialeasfilall mhasbeomekeurficddacimgnibeireticke side,
meni scus | ens L14 whose convex surface facin t he

r e ipoisiiws deeniscuse bensi Lé2 mehbse woniverssurfife jwg the reticle
concave surface facing the reticle side, a negative

et apasiive Dimistussiensdakhvehosa asphericeh singee Hacing the
reticle side, a_ positive nmeniscus |ens L17 whose 10 .
asywhtar side, 8 nosdive oransenss lansak &4 fabose coneex stutface facing
side, a positive neniscus |ens L18 whose concave
subeasticlesidyy a Regatve aneniscus lems Ldsumhese wansaveesiyface
L19 whose aspherical - shaped convex surface facing the
wapeig thie redele sidsod negative merissus ders [Lalfo whsseconcave
aspherical -. shaped ¢qQncave surface facing the wafer
sisygtaces Iaging 4 eArfglﬂ,‘g@nﬂdﬁnﬁgpﬁ@tB@t meniseyssiens &7 whose

CoRPSEiL b o b Fesr i i, o
RSP e SR S B, SR e, o
o R R YOS R BT BARER eGP e
B RICEE L2506l MR 1 910§ bl
cofihf Bufrd SGad RS walRNWRE e 70 1 O
[0064] A second imaging optical system G2 comprises, in order from
the reticle side (i.e. the entrance side) along the forward optical travel
path, a negative meniscus lens L.21 whose aspherical-shaped concave
surface facing the reticle side, a negative meniscus lens L22 whose
concave surface facing the reticle side, and a concave reflecting mirror
CM whose concave surface facing the reticle side. A third imaging
optical System G3 comprises, in order from the reticle side, a positive
meniscus lens 131 whose concave surface facing the reticle side, a
double-convex lens 132, a double-convex lens L33, a positive lens L34
~ whose aspherical surface facing the wafer side, a double-concave lens

L35 whose aspherical-shaped concave surface facing the reticle side, a

negative meniscus lens .36 whose aspherical-shaped concave surface
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doubl e-convex | ens L32, a doubl e-convex |lens L33, a
positive lens L34 whose aspherical surface facing the

waf er side, a doubl e-concave | ens 25 L35 whose FPO7-0013

aspheri cal - shaped concave surface facing the reticle

side, a negative neniscus |ens L36 whose
aspheri cal - shaped concave surface 34 FP07-0013

facing the wafer side, a double-convex |ens L37, a

| efagingdhohesterasidbeni delibkicoeesx awd 137 he lees I3 whose
si de, a negative neniscus |lens L39 whose _
asgspherical ssifapedacinpdheeresivld sile, hawgativeh@engicus!lens L39
side, a double-convex lens L3 10, a doubl e-convex

| ewhoss ldspharidal+shapatb ooscabe | susades3 facingn theerdtivle side, a
stop AS, a positive neniscus | ens L313 whose
asphdhlecanvekdpnas I 3di; avdowhiefanwekdensnd.31He adbdwble-convex
side, a positive neniscus |ens L314 whose

adphediXld), -arhapedurosiogy A S e pasitivieariendsauselenadt 213 whose
side, a plane-convex |ens L315 whose plane facing the
wegsphesicaleshapedosondave susfacel Bcingnthepiveafer pide) laelpositive
pl ate Lp. 10:£0065] In the second exanple, in the sane
ndnewiscus lens kR4 whese asphanigakshapad epnaavernumtacenfgcing the
refractiye index of 1.64 with respect to an ArF .
eXEates sides seplapemanvexdens Agt I whose planesiingithe wrafen side
is the Jight to be used (exposure light), is filled

| Radhoundars lnssebh, apeimess naaLckplaiibpy | ens Lb and

t ne-pgrallel plate Lp and_an optical path 15
bEBQEIéﬁ dRethn apeonsdh examplep|ip: the sameamanneradein\the first

( ilpcRq & iy & peAstiyeindes of 6t puithimespect to

naRCOEF CXHnFr e deom (Gevelenath d ~t 3 -SparEmboRbish is the
o T3 e (SpB0tRY Btk W Euled R S ghbSeL et petaveen the
(KO O 79 Bl S St o Pl L Bl SRS Lo
e BB O L B R W, e
A8 ST R I PRI BB O and the ke
as the liquid of this kind. In the second example, however, unlike the
first example, the plane-convex lens L.315 as the boundary lens Lb and
the plane-parallel plate Lp are made of magnesium oxide (MgQO) having
a refractive index of 2.1 with respect to the light to be used, and the
plane-parallel plate P1 in the first imaging optical system G1 is made of
calcium oxide (CaO) having a refractive index of 2.7 with respect to the
light to be used, and other light-transmitting members are made of silica
(510;) having a refractive index of 1.5603261 with respect to the light to
be used. Table 2 gives the values of parameters of the projection

optical system PL related to the second example.
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(Si @) having a refractive index of 1.5603261 with
respect to the light to 25 be used. Table 2 gives the
val ues of parameters of the projection optical systempgpp7-0013
PL related to the second exanple. 35 FP07-0013 [0066]
[ Table 2] Table (2) (Main paraneters) | =193. 306nm
8 =1/4 NA=1l. 5 B=15. 4mm A=3mm LX= 26mm 5 LY=5mm
(Paraneters of optical nenbers) Surface No. r d n
Opf00] menber (Reticle surface) 61.488045 1 00

8. 000000 2.7 (P1) 2 00 3.000000 3 343.72875 22.736495
1. peide@] (L11) 4 11320.51072 27.609647 5 315.84611
22.906622 1.5603261 (L12) 6 519.35674 152.758756 7
166. 25201 67. 148030 1.5603Z&ablg(2)3) 8* -100000. 00000
1.803406 9 122.90686 56.899748 1.5603261 (L14) 10
17@Viziroparanzeteés) 273

2 =193. 306nm
B=1/4
NA=1.5
B=15, 4mm
A=3mm
LX=26mm
LY=5mm

(Parameters of optical members)

Surface No. r d n Optical member

(Reticle surface) 61.488045

1 oo 8.000000 2.7 (P1)

2 oo 3.000000

3 343.72875  22.736495  1.5603261 (L11)
4 11320.51072  27.609647

5  315.84611 22.906622  1.5603261 = (L12)
6  519.35674 152.758756

166.25201  67.148030 1.5603261  (L13)
8% ~100000.00000 1.803406 |
9 122.90686  56.899748  1.5603261 (L14)
10 176.71063  72.456273
11 -112.24882  57.183077  1.5603261 (L15)
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11 -112.24882 57.183077 1.5603261 (L15) 36 FPO7- 0013
12 -177.64807 69.574199 13 -109. 24072 12. 000000

1.5603261 (L16) 14 -160.05421 8.713899 15* FP07-0013
-1319. 76614 60. 000000 1.5603261 (L17) 16 -179. 95005

6. 186466 17 - 184.59624 60.000000 1.5603261 (L18) 18

-181.38305 1.000000 19 522.39321 37.296564 1.5603261

(L19) 20* -1237.27157 1.000000 21 226.65110 32.704191

B N R,
| 55032683 ( L2092 505, 18000008, 762808565 1odLdas
33.707290 (CM). 29 308.39694 18. 000000 1.5603261 (L22)
30 123. 7h¥r76 460d608d1 318.7638%%8196 12. 500000
1.5603261 (L21 32* 135. 27205 225.248400 33 00
- 64. 0488H% (m§19.§5613e37.@me@0m31. 2059058261, 5606R37)
(L31) 3156 28?:127%-7935%0-555. 2&[%%82657 FPO7-0013

17  -184.59624  60.000000 1.5603261  (L18)

18  -181.38305  1.000000

19 522.39321 37.296564  1.5603261  (L19)

20% -1237.27157  1.000000

21 226.65110  32.704191 1.5603261  (1.110)

22%  3443.76334  69.000000

23 o —225.248400 (M1)

24%  135.27205 -12.500000 1.5603261  (L21)

25  763.23196 —40.860891

26  123.71776 -—18.000000 1.5603261  (L.22)

27  308.39695 -—33.707290

28  166.36433  33.707290 (CM)

29 308.39694 18.000000  1.5603261 (1.22)

30 123.71776  40.860891

31 763.23196  12.500000 1.5603261  (L21)

32%  135.27205  225.248400

33 oo —64.048895 (M2)

34 3037.95158 -31.291024  1.5603261 (L31)

35  283.28735 -55.219198
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36 -4310. 65810 -39.964911 1.5603261 (L32) 37 529.81361
-10. 823066 38 -357.26988 -60.000000 1.5603261 (L33)

39 5041.57763 -103. 073057 40 -234.74259 -60. 000000
1.5603261 (L34) 41* 2000. 00000 -32.118738 42*

203. 78344 -12.000000 1.5603261 (L35) 43 -174.01269
-30. 859539 44 -677.34580 -23.155082 1.5603261 (L36)
45* -186.83312 -9.024762 46 -340.71202 -53.167176

1. 56032686 L373104p8307. 289664981 0205260364 o0 (L32)
-22.523866 1.5603261 (L38) 49 620. 09458 -35.869134
50* 203. $¥268 92828583000 10.8598861 (L39) 51 479.50254
-5.422099 52 -1616, 06413 -57.359057 1.5603261 (L310)

53 381, 68865 -3522695% 5260.06009087945608865042((5.33)

FP07-0013

1. 5603261 (L311)

55 498. 65890 -1. 000000 56 -280.67485

- 66. 851588 1. B@HRLEI63 L3103.07805%4288. 89930 - 1. 000000

1 56032644 LT+ 1850 56985 - 1560KRE0 353
2597-29$%E§23§06§%@§ 00_32§1§%§§23 1.5603261 (L314)
42%  203.78344 -12.000000 1.5603261  (L35)
43 -174.01269 —30.859539
44  -677.34580 —23.155082  1.5603261  (L36)
45% -186.83312  —9.024762
46  -340.71202 -53.167176  1.5603261  (L37)
47  347.29465  ~9.020543
48% oo -22.523866  1.5603261  (L38)
49  620.09458 -35.869134
50%  203.91268 -12.000000 ~ 1.5603261  (L39)
51  479.50254  —5.422099
52 -1616.06413 -57.359057 1.5603261  (L310)
53 381.69065 —-1.221176 |
54 -2670.87945 -46.904209  1.5603261  (L311)
55  498.65890 - —1.000000
56  —280.67485 —66.851585  1.5603261  (L312)
57  4288.89930  -1.000000
58 0o ~1.000000 (AS)
59  -242.42469 —78.543309  1.5603261  (L313)
60% —4109.30758  -1.000000
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63 -87.34389 -39.922826 2.1 (L315:Lb)
1.64 (Lm) 65 CO -20.000000 2.1 (Lp)

64 CO -3. 000000
66 CO -3.000000

1.64 (Lm) (Wafer surface) (Data of aspherical
surfaces) Surface #8 K =0 C =-2. 38700X102 C =2.

19848X1012 4 6 C =-1. 06625x1016 C =3. 79339X1024 8 10

C = 3. 05491X1025 C = -1. 40049 x 1029 12 14 C =2.

07573X1034 5 16 Surface #15 it =0 C =-3. 22668X108 C
=1. 90213X10131038.5 625 =- 448.01B24X101.56D3281 00XR8XH)21 8

10 C =-1.00360X1025 C =5.70267X1036 12 14 C
=-1. 64436Z%03417A88408r f ack06OD0 =0 C =7. 78221X108 C

=-2. 84918x1013
63 —-87.34389 —30.922826 2.1

64 oo -3.000000 1.64
65 oo -20.000000 2.1
66 ©o -3.000000 1.64
(Wafer surface)
(Data of aspherical surfaces)
Surface #8
k=0

(L315:Lb)
(Lm)
(Lp)
(Lm)

C,=—2.38700X10” C =2. 19848X10™"

C,=—1. 06625x 107¢ C =3.79339X 107

C_=3.05491X 107 C,=—1.40049x 107

C =2.07573X 10*

Surface #15
k=0

C
4

C
8
C
12

C_=—1.64436X 107

Surface #20
k=0

=—3. 22668X 10" C =1.90212X 10"
=—4.94924x 10" C_=2. 00126 X 107
=—1.00360X10" C =5.70267X10™"

C,=7. 78221X 107 C =—2.84918X 10"

8
=—1.03550x 107

2
6

39

C,=—7.27759X10™"° C =2.72700X10™

C,=—1.19289X10™" C =5.92797X10"

C
1

FP07-0013



10

4 6 C=-7. 27759X1018 C =2. 72700X1022 8 10 C
=-1.19289X1026 C =5.92797X1031 12 14 C = -1. 03550 x
10 35 16 39 FP0O7-0013 Surface #22 ic =0 C =
17419x101 C =4. 07134X10-13 4 6 C =2. 20418X1018 C

=-6.81433X1022 8 10 C =3.76576X1026 C =-1.34115X103
12 14 C =2.31166X1036 16 Surface #24 and surface #32
(the identical surface) cc =0 C =-9. 44616X108 C =-4.

8788oMce#224 6 C =-1. 31681X1016 C =-4.35400X102"
C =4. 33387X 10.24 C =-7. 03794X10"

X 10

% T6
C,=—8. 17419x107"° C =4.07134X 108

C,=2. 20418X 107" C =—6.81433X 107%
C_=3. 76576 10% C,=—1.34115X 10™
C =2.31166X 107"

Surface #24 and surface #32 (the identical surface)

K =0
C,=—9. 44616X 10° C =—4. 87959x 107"
C=-1. 31681 x10™ C =—4. 35400 107

c =4 33387x 10 C =—7.03794X 107
C_=4. 83506 % 107%

Surface #41

k =0 7
C,=—3.74782X10"° C =1. 18364X10™

C =-5.09800%X10™" C _=1.01796x10™
C,=—1. 96390 107 C =—4. 49365x10™
C_=2.91126X10™

Surface #42

0
—5.94775X10° C =1. 58659 1072

K
C —
4
C =-—1.59483% 107 C =9. 50762X 107
'cl =—3. 26529X 107 C =5.41917x10™
C
1

2
=L 81319x10™®

40

- 8.

8 10

12 14 C =4. 83506

FP07-0013



Surface #41 ¢ =0 C =-3. 74782X109 C =1. 18364X1012 4
6 C =-5.09800X1017 C =1.01796X102' 8 10 C
=-1. 96390X1026 C =-4.49365X1031 12 14 C =2.91126X1035 FPO7-0013
16 Surface #42 <cc =0 C =-5. 94775X108 C =1.
58659X1012 4 6 C =-1. 59483X1016 C =9. 50762X102' 8 10
C =-3.26529X1025 C =5.41917X103 12 14 C =-1.81319X1035
16 10 40 FPO7-0013 Surface #45 ic =0 C =7. 05058X108
C Sunfaca@468X1013 4 6 C =4. 69144X10" C =-3.
15707X1021__% 10
K — .
C =7. 05058 107® C =—4. 46468 10"
C, =4. 69144X 107" C =—3.15707X 107
cw=1’. 81100x 107" C,=—4. 72547X 107

C _=—2.22284X 107

Surface #48

x =0

C,=4. 26237X 10°® C =6. 77863X 10"

C =3. 83997 X 107" C _=6.09548X 107
C,=—7.33821X10° C =6.91048X10""

12

C =—4.01591x10™

16

Surface #50

k=0

C =1.36637X10" C =—6. 02782 107°

C =1.47586X 1077 C =—4.85443X 107
C =—7.16685x107 C,=6.60114X 107%

12

C_=3. 92846 X 107

Surface #60
£ =0
C =—2. 75070x10" C =1.72882X10™
C,=—8.71586X10™" C =3.77295%x10™
C_=3.87257X 10‘26 C =1.18131X 107
C _=—1.40804x10™" C_=6. 18364X 107
C =—1.06817x10™
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5

10

15

C =1.81100X1025 C =-4.72547X103 12 14 C =-2.22284X1035
16 Surface #48 r=0 C =4. 26237X10" C =6. 77863X10'3
4 6 C =3. 83997X1017 C =6. 09548X1022 8 10 C
=-7.33821X1026 C =6.91048X10 12 _ 14 C =-4.01591xl 034
16 5 Surface #50 =0 C =1. 36637X108 C =-6.
02782x1013 4 6 C =1. 47586 X 10 17 C = -4. 85443 X
1022 8 10 C =-7.16685x1027 C =6.60114x1032 12 14 C =3.
928uff4te#H2 16 Surface #60 r =0 C =-2. 75070X108 C
=1. 72882X1012 4 6 C =-8. 71586x1017 C =3. 77295x1022

FP07-0013

k =0

C,=—1.29877x10" C =—1.63482X 10"

C,=5.14480X10°° C =-—2.06381X10"

C_=1.18222x10™ C,=—7.07065X10°"
54

C =- 1. 26067 X107 C,=2. 97954X10
C,_=—2. 90634 X 10°®

(Values corresponding to condition expressions)
Yi=135. 4mm

Fb=130. 222mm
(1)Yi/Fb=0. 118
[0067] Figure 7 is a diagram that shows the lateral aberrations in the

first example. In the aberration diagram, Y denotes image height. As
is apparent from the aberration diagram of Figure 7, also in the second
example as with the first example, the aberrations are well corrected
with respect to the excimer laser beam having a wavelength of 193.306
nm in spite of the fact that a very large image-side numerical aperture
(NA = 1.5) and a relatively large effective exposure region ER (26 mm
x 5 mm) are secured.
[0068] In this manner, in each of the examples, for the ArF excimer
laser beam having a wavelength of 193.306 nm, a large numerical
image-side aperture of 1.5 can be secured and an effective exposure
region (a static exposure region) ER having a rectangular shape of 26
mm x 5 mm can be secured. It is possible to scan and expose a circuit

-pattern in an exposure region having a rectangular shape of 26 mm x 33
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8 10 C =3.87257X1026 C =1.18131x1029 12 14 C
=-1.40804X1033 C =6. 18364X1038 16 18 C =-1.06817X1042

20 41 FP07-0013 Surface #62 rv =0 C =-1. 29877X 10' C FPO7-0013

=-1. 63482X 10" 4 6 C =5. 14480X1016 C =-2.
06381X1019 8 10 C =1. 18222X10" C =-7.07065X1029 12 14
C =-1.26067X1030 C =2.97954X1034 16 18 C =-2. 90634X
10 38 20 (Val ues corresponding to condition

expresiiraxemply] with a high Fsohiion. 222m (1) Yi / Fb=0
240068 adso,sirt oneh iof Hocexdmpks, éharpihnc-phralidleplate Lp is
Apfispaned it 1 opiacalipath fbercn thg bamoryFicysrb and she wafer
;Bg} Ir;gt aieﬁlggtﬂgrlﬁ?ﬂggpelrgﬁgf plvgté (I?ng I?:%nf llaé Siilse?rtxgﬁir% tlgeh %ptical
path and retracted therefrom. Therefore, even when the liquid Lm is
contaminated with a photoresist and the like applied to the wafer W, due
to the operation of the plane-parallel plate Lp replaceably interposed
between the boundary lens (in general, an optical member having
substantially no refractive power) Lb and the wafer W, it is possible to
effectively prevent the contamination of the image-side optical surface
of the boundary lens Lb by a contaminated liquid Lm.
[0070] Incidentally, in the first example the plane-parallel plate Lp is
made of calcium oxide and in the second example the plane-parallel
plate Lp is made of magnesium oxide. However, without being
limited to them, the plane-parallel plate Lp may be made of appropriate
optical méterials, such as fluorite (CaF,) and silica. In order to achieve
a high numerical aperture, however, it is preferred that the plane-parallel
plate Lp be made of an optical material having a refractive index higher
than the relevant image-side numerical aperture. In order to avoid
large-diameter designs of optical members which the projection optical
system comprises, it is preferred that the plane-parallel plate Lp be
made of an optical material having a refractive index higher than the
adjoining liquid Lm.
[0071] In the first example, the boundary lens Lb is made of

‘magnesium oxide that is a crystalline material belonging to the cubic

system and the plane-parallel plate Lp is made of calcium oxide also
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with respect to the exciner |aser beam having a
wavel ength of 193.306 10 rimin spite of the fact that

a very large inmage-side nunerical aperture (NA = 1.5) FP07-0013

and a relatively large effective exposure region ER
(26 Mfmm x 5 mm) are secured. [0068] In this manner, in
each of the exanples, for the ArF excinmer |aser beam
havi ng a wavel ength of 193.306 nm a |arge nunerica
15béloaging itd ¢hemibici sgstein.l. Ambthdintsiesiv bitefridgeante of the
effective exposure region (a static exposure reglon)
ERmagviesigna oxde dogming théd dpandbr densiibbxisScameedbed bat with
secured. It is possible to scan and expose a circuit

pathee intrinsiarbiesfpingenee refjitbe dalvium axidec fammingarthe plane-
shape of 26 mm x 33 42 FP07-0013 mm for exanple,

wi parallehiplate dspl wiheareby [ tes effest sof the bdrihsicf bitefringence
exanpl es, the plane-parallel plate Lp is disposed in

t Hdiesgall cniregugad. beOnethe otkebbandary thenseaandarample, the
wafer Wso that the plane-parallel plate Lp can be

i neeundaryi dews thb @pdi dhe planerparablel r platacled are made of

Eg%{ag%ﬁgnb;%@e Ia?{deﬂnfgv 4 “@S?alﬁ?pl&é‘ﬁl?iaé?@b& pegalcium
oIS par A the! SrEinsse r BiseapREmIop 0f hpoggnesium oxide
e e OGBS olsERait, sl e hlareomsnUedplate, Lp s
ook fed st ot iniRis ket Regesh by Fikim oxic
o 18 R B AP, Fhertod SR EROSERR rnsi
o et R B LRk EE it e i aneparal el pl are Lp

| 100728 3 SRR TG gt bRt e,
(R Gpfind @PRIeRs isdde At b Rlal  sipding oo i fffic Gsometric)
7 58St TEOE “arfiBY  MafnoliUHE Shide' br' SaBifhbkRE) ARl the

intrinsic birefringence of crystals forming a boundary lens is cancelled

out with the intrinsic birefringence of a crystal optical element (an
optically transparent member different from the boundary lens), where
the effect of the intrinsic birefringence thereof can be reduced. In this
case, it is preferred that by use of what is called a clocking technique,
the crystal optical element be set so that the first crystal axis coincides
substantially with an optical axis of the projection optical system, the
boundary lens be set so that the second crystal axis thereof coincides
substantially with an optical axis of the projection optical system, and

furthermore the orientation of a crystal axis of the crystal optical

- element different from the first crystal axis and the orientation of a

44



10

15

20

25

plate Lp be made of an optical material having a
refractive index higher than the relevant inmage-side

numerical aperture. In order to avoid 20 FP07-0013

| ar ge- di anet er desi gns of optical nmenbers which the
projection optical systemconprises, it is preferred

that the plane-parallel plate Lp be nade of an

optical material having a refractive index higher than

t herystadjaoiis iofighé ibpuindatynlerOdifigrent ftom thersstord anrpstal axis
the boundary lens Lb is nade of 25 magnesi um oxi de

thbe set o asywt abduce thatefifect! ofethen gitnigsico bitedringence that
system and the plane-parallel plate Lp is nmade of

c atrysials beionging tothaculFipayston haveel onging to the

cubic system And the intrinsic birefringence of the

nd @931 umIakieddhaitei neplehumboxider gnd emagriesiun  oxide are
cancel led out with the_ intrinsic birefringence of the

c Ay Pligkhink marterislnphéhe ksomete crysialasyssemplthe cubic system)
wher eby the gffect of the intrinsic birefringence 5

t Fadeibfis pessibla kreanash out tho eHeet ahthe intrinsiedisefzimgence by
o e Glosk Be taRingTucsEgRAar dr el GBS dddieace of Huorite.
PR RROL a: Fan o5 Fdh llniie
piBETaRy , The ko HEShclaqkang dehiids, (4 Opce] fais, of & pair of
st RRRECRtd & 05 B axif 1 2K} PerrobkPr dr crystal s that is

fri.ngence thereof duced.

o QRHARY equRbRnk PR foilods 3 15 BHCaTapReR fpicoificide

Y R R S e S, ok BB b
oS AL RS G4 Be RFa 6 Eef v
T4 T, U105 B BB G  CERAERS. §F b o
"ERRGte dbhL& S04 of LN i TYOOR WereEPTdr 2 IS5E axis that is
optically equivalent to this crystal axis [100]) are arranged to coincide
with each other, and the pair of fluorite lenses are arranged relatively to
be rotated by approximately 45 degrees around the optical axis. In the
third clocking technique, an optical axis of a pair of fluorite lenses and a
crystal axis [110] thereof (or a crystal axis that is optically equivalent to
this crystal axis [110]) are arranged to coincide with each other, and the
pair of fluorite lenses are arranged to be relatively rotated by
approximately 90 degrees around the optical axis. Incidentally, for
details of a technique for reducing the effect of the intrinsic
‘birefringence of fluorite by appropriately setting the orientation

relationship of crystal axes of a pair of fluorite lenses, International
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the effect of the intrinsic birefringence thereof can
be reduced. In this 20 case, it is preferred that by

use of what is called a clocking technique, the FP07-0013

crystal optical elenment be set so that the first

crystal axis coincides substantially with an opti cal

axis of the projection optical system the boundary

l ens be set so that the second crystal axis thereof

coPublidaton Nos WO 2008400045 éor b8 Patenaiaside®pehaNo. US

projection optical system and 25 furthernore the

or 280340530364 )afar sxarapleaviay beé refeerect tpst al  opt i cal

element different fromthe first crystal axis and the ‘

or [Nt i Brisgtreterreghtirpdhie thirkness 9%&31& bamndanyf lenselong the

boundary lens different fromthe second crystal axis

beoptealsaxigsand the dhiskness oéfthe carystal tapsicahtel¢ment along the

birefri ngenc% tgat_ crystals belonging to the cubic, . |

syQplsainaws. bpodesigned keo fasute ineduce dbei effeel iofethen dntrinsic
5 crystalline materials of the

nesium oxi de .ar I
irrg‘g%ﬁm&en&wﬁadneé st §ms(calﬁ3wd%gmgs§esﬂawub1&rﬁw¢m s The
ible t | qut the effect of .the intrinsi ,
ko SR ASTaS R i, o
AR AR Lo eret S b amouns
o3 iirRSte e aculeratih therafilt i orE (G & mpkhsgte Tor the
| axi.s [111] ther eof l.axis that is. . -
TR o b PR RER T b5, 3L A e R bbining

RS HERAT A rB BaBs o

PR Bl el g BB ER LA B P EhE ShickbleBs of the
il e, Bt ol RN Tph B3 TR 8 s 1o e
ORISR EROLGAD. Sl B g of i alue
! |i0hdiRsicCBRERifIhOR 6F ARG bRIde Bhl the inYerdChhfitlr of
y approximately egrees around the optical axis.

| thé Ralud O RS RABIEGIRMB AiRagAGiaRt ' cal axis of a

pair o uorite |enses
[0076] Incidentally, although in each of the above-described examples

the preset invention is applied to catadioptric projection optical systems,
the application of the present invention is not limited to them. The

preset invention can also be applied to reflection type projection optical

- systems. However, as shown in each of the examples, in a catadioptric

projection optical system provided with at least one concave reflecting
mirror, color aberrations are well corrected by the operation of the
concave reflecting mirror, for example, and field curvature can be well
corrected by meeting the Petzval condition easily. In addition, it is

possible to reduce the size of optical systems.
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20 crystal axis [110] thereof (or a crystal axis that
is optically equivalent to this crystal axis [110])

are arranged to coincide with each other, and the FP07-0013

pair of fluorite |l enses are arranged to be relatively
rotated by approximately 90 degrees around the

optical axis. Incidentally, for details of a

techni que for reducing the effect of the intrinsic 25

bi [OX7r ﬁnghmidemﬁallbfl, uinr iat @rojectippr optical elygtenet comsgittitel by
orientation  relationship of crystal axes of a pair of

f | theicet émaging soptical esysteimsnals 1 5eaqeh0 D08 above-described
Publ i cation No. WO 2003/007045 (or U.S. Patent .
Laxangplen, Nos prsfaned thastestilowing cenditipheexpragsibn (3) be
referred to, [0075] It is preferred that the thickness
ofsatisBedoundiar the eernditiong cxpsessopn i 3, MAs iandhe himaging
t hi cknegss of tge crystal optical element along the 5
ophagaiicetion pé thesivielel nyejestiono optigak systes dmke M3 ois the
the intrinsic birefringence retained hy crystals

bdMAgns ghagnifiatien iifdbe yaird dmagieg optisabsystemds3.

fol | ows. Tg IS,  as, descrjbed above, for exanple,

cal ci uldd & <rhgnesi{3m oxi de have different

BB PR R Sor AL Aok 1 BHED e
R e B B AT R B ash O s
e P PRt YD s e Sl i s Pfrar 2 s
e} g, Bl ity Bl By ERGRIOR. of fEusgsd P e rieeing
o FEEPECBle, B0 e FhdifacicbBlose tid ARSE refertinperan be
CoGU S PR El | ) A hough +n each of the oo

DOV Pl BPe BRI S HEE first SxRiBlE e HERBLEE rhdgnification
| MACRE " WiRle Y O FIRa et B 112 Y the, fmaging
apRidrfifich@oh SUF T Ak P8 RhALHS! bBHcAPSYSRm G3 is 0.204.

Thus the condition expression (3) is satisfied. On the other hand, in

the second example, the imaging magnification MA of the whole
projection optical system is 1/4 and.the imaging magnification M3 of
the third imaging optical system G3 is 0.212. Thus the condition
expression (3) is satisfied.

[0080] Next, the second embodiment of the exposure apparatus of the

'_present invention will be described by referring to the drawings.

Figure 8 is a schematic configuration diagram of the exposure apparatus
EX related to the second embodiment. In Figure 8, the exposure

apparatus EX is provided with a mask stage MST that is movable and
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systens. However, as shown in each of the exanples, in
a catadioptric projection optical system provided
with at |east one concave reflecting mrror, color FP07-0013
aberrations are well corrected by the operation of the
concave reflecting mrror, for exanple, and field
curvature can be well 25 corrected by neeting the
Pet zval condition easily. In addition, it is possible
t othaidsseppheting aenesk dy; & substsytetstape PAA IFE0IT-HAQ kBsubstrate
[0077] Incidentally, in a projection optical system
coheldar RE halding aistbsir regldoistmoarabg/wu’énﬁlmbstrate P on
each of the above-described exanples, it is preferred
t hehte tubstuate obpldgrc i t4 omeesyemaritostae®) BST2 that holds
satisfied. ] n the condition expression (3), MAis the
i nERAASHIIBE nEpHUINenis performing measusepense celated to exxiosure
optical systemand M3.,is the inmaging nmagnification o

5 tﬁErQ‘-}ﬁsﬁ @)llldn’égm%’abﬁ n@éﬂpegd@nﬁm o3 they sbsirapstage RST1, an

xpressiqn (3).1i.s

éiiu Al 78',0ntv$1§t?%§12&§f§%?£_3§3 %%lﬁ_imgmte& thesmask Myagppested by
5 S G R G2 B i e L
B
O B IR R Gall LSS B Sl sage
10 BSTIE R S RaRnd, ST KUNT thal pReprG the
el Gl 4 oBbraibie gt s ol Bty ibgié?ésfﬁ‘x A
P 0 A oy S s
o 5 R B o B O S o o ¢ - 215,
Thugokf catll ldxPRsufd Pifth®l B of #AL' 8hititiment is an

15 immersion exposure apparatus to which the liquid immersion method is

—

applied in order to improve resolution by substantially shortening the

exposure wavelength of the exposure light and in order to substantially

increase the depth of focus. This exposure apparatus EX is provided

with a first immersion mechanism 1 that forms a first liquid immersion

20 region LR1 by filling an region between a bottom surface T1 of a first
optical element LS1, which is the nearest to the image plane of the
projection optical system PL among a plurality of optical elements LS1

to LS7 that constitute the projection optical system PL, and the substrate

P with a first liquid LQLl. The first immersion mechanism 1 is

25 provided with a first liquid supply mechanism 10 that supplies the first
- liquid LQ1 to the region between the bottom surface T1 of the first
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[0080] Next, the second enbodi nent of the exposure
apparatus of the present invention wll be described

by referring to the drawings. Figure 8 is a schematic FP(Q7-0013

configuration diagram of the exposure apparatus 25 EX
related to the second enbodinent. In Figure 8, the
exposure apparatus EX is provided with a mask stage

MST that is novable and 47 FP0O7-0013 that is

sugpticali elgmentds$] Mnda tiseisabstaate Bf apd £t tiptid heollesting
substrate hol der PH holding a substrate P and is
novephanigint R0t that seddlerctsatlee Hirsh liquid sQdssuppliechblydtre first
PH, a nmeasurenent stage PST2 that holds neasurin

i naquidmsapplypemechanisg nkhsur@perationselodt the tHrst immersion
exposure 5 process and i s novabl e i ndependently of the
suBsehanismst axe cogrolled by thelcomtredler {FODPE.i cal ~ syst em

L th illum pates the mask M supported by the mask |
shﬂgggi/sv&qual%mh@rem ﬂgﬂ’ﬂtcpnétlglt©§ pert, Qiyrth@ gist anmersion
system PL hat .projects _ an jnege of ~a pattern of the
naERCRANISIY hilh liERpsed: n theevwém%smrtm ingpge plangrsidpeof the

substrate P supported t he .substrate stage, 10 T1

t PIEf %R%%@Lﬁyesﬁela aSResEicaily e SenviGiREY of the optical
perf or e  overall, contrpl .of operations. of the .
\Aﬁi‘i’@?ﬂgl(ggs%@ spflof shepresetian Qtical sysiem Plondhedmage

TR PR, N PG PR so

IR e T B o of S8R optical

- SoheR P A RRRA Rle Bl OB 8833 ot of
| POPEAE0 R ebiPlrechBhardn T, b uRloBRAbed ity g second

Sl AL Bl kRSB g eon
R 08 A1 9B PG B O B el af 1 and he
SO ELEDR oSy, RSP ORSPLY 0 iHHELIEE of he
projection optical system PL second to the first optical element LSI,
with a second liquid LQ2. The second optical element L.S2 is disposed
above the first optical element LS1, and a top surface T2 of the first
optical element LS1 is disposed so as to be opposed to a bottom surface
T3 of the second optical element LS2. The second immersion
mechanism 2 is provided with a second liquid supply mechanism 30
that supplies the second liquid LQ2 to the region between the first
optical element LS1 and the second optical element LS2, and a second
liquid collecting mechanism 40 that collects the second liquid LQ2
supplied by the second liquid supply mechanism 30. Operations of the

second immersion mechanism 2 are controlled by the controller CONT.
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to LS7 that constitute the projection optical system
PL, and the substrate P with a first liquid LQL. The

first imersion mechanism1 is 25 provided with a FP07-0013

first Iiquid supply nmechani sm 10 that supplies the

first liquid LQL to the regi on between the bottom
surface Ti of the first 48 FPO7-0013 optical elenent

LS1 and the substrate P, and a first liquid collecting
med0R$d ks mlhe exposucobppatasus BX finrthis ¢mbodimeiadopts a local
supplied by the first liquid supply nmechanism 10.

Opdigatd omamessiamhmethod byi whishsa dirst iquidhimsrarsicar eegion LR1

controlled by the controller CONT. 5 [0082] A nozzle

nettodecatly dhaned oors tpartitadsthearegion abeve ithe tsubstrates Pon The
mechanism 1l is disposed in the vicinity of the inmage .
pl BRROSrgeapparas Egr dpeadly dormptalsela sseamshnliguid immersion
speci.fi vicinity of the optical elenent

LSHegipn I Yon I@grt: agﬂpﬁ spien; ahopihe top syefasenTd ofithe first
o ABHGR AR L by b4ca vibiia sansianne A pattemamage of the
P EBI AT G abe subsRSiaRe thet exposusbneprsiteS Shgerpa e firs
B AR R ER S ok e KGR i
vedlichl' SREie s ! Gl e Wil dishOeiiordeTinage plane
SRRk G Blsh SR 1T S BB SR by wsing

SHENGD iAol el 0 BB b "Bl Goopd tiquid

O SHBRloy RIS, 16215 P U oA RER R i, 35 Do

S R 19 854 BEcRPREEG! A TP AP Ecah T

B R S TC D

9058 B S T SO EAER o

segftlatus 60 that enables the condition of each of the first fiquid
immersion region LRI and the second liquid immersion region LR2 to
be observed. The monitoring apparatus 60 is provided in the interior
of the measurement stage PST2.

- [0086] In this embodiment, a description will be given by taking as an
example a case where a scanning exposure apparatus (what is called a
scanning stepper) that exposes a pattern formed on the mask M while
synchronously moving the mask M and the substrate P in mutually
different directions (reverse directions) in the scanning direction is used

as the exposure apparatus EX. In the following description, the

synchronous moving direction (scanning direction) of the mask M on
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l'iquid collecting nechanism 40 that collects the
second liquid LQ2 25 supplied by the second |iquid

supply mechani sm 30. Operations of the second FP07-0013

i mrer si on mechanism 2 are controlled by the controller
CONT. 49 FPO7-0013 [0084] The exposure apparatus EX

in this enbodi nent adopts a local |iquid inmersion

nmet hod by which a first liquid i mersion region LR

i shesubsirgtef BramddhersupatrateoP witleinr @ horimontzd péandis called the
substrate P. The exposure apparatus EX |ocally forns

al Xoaxds slarestion) theudirection rarthogahal égithe X-RRisodirpetion ofithin -
the regi,on above the top surface T2 of the first .
opbe chorigontab planes is cabled thestY iy ditectionf Ghei mgn-scanning

pat.tern image of the  mask MI on the substrate P, the
e%i;mw)appérthe getianothat is perpendicularitguthe X-axis and Y-
i mersion . region LR b fijtgkggth,e regi on_bet ween the

f igxds diggtipns pnd) eripeides syith he wptical BEisr Ade of the projection
ide of, the first

di d the_li 10 )
IS ardiamn Pl 836 veilied riber 1206y | diseefiong 1 Bhe rotation

TR oA R TEE LR 5 Ry o0 e
L) TR, b B onbe e,
ks A A BT R ag whih
CSRGAEH B RRREIE S B TP R oSl o

- TREERE  (BYick, PAREEF (¢ EB0RRucsT G ey S HrRE 1Y reduced

[ | Qr: e nmeasurenent stage PST2. 20 [0086] In
" Eli'leﬁ{ﬂe? is g&’ﬁnl me%@

S enbo , a description will be given by taking
SH0097) XL ARG, SEIESF SSERI 19 TIPSR Sppgre lieh
SyPERE IR BRI QFREe PRnL B REShidblsratqr gt pygkes
t e@g%%a%églﬁfrtgg tkfigggnlﬁgé léglgﬁdELre‘%ﬁﬁfe?Pﬁﬂh{ 86 £005urk Tight

source uniform, a condenser lens that converges the exposure light EL

from the optical integrator, a relay lens system, a field stop that sets the
illuminated region on the mask M by the exposure light EL and the like.
For example, emission lines of ultraviolet region emitted from a
mercury lamp, for example (g-line, h-line, i-line), far-ultraviolet light
.(DUV light), such as KrF excimer laser beam (wavelength: 248 nm),
vacuum ultraviolet.light (VUV light), such as ArF excimer laser beam
(wavelength: 193 nm) and F; laser beam (wavelength: 157 nm), etc. are
used as the exposure light EL emitted from the exposure light source.
In this embodiment, the ArF excimer laser beam is used.

[0088] In this embodiment, liquids having a high refractive index, for
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25 as the exposure apparatus EX. In the follow ng
description, the synchronous noving direction

(scanning direction) of the mask Mon 50 FP0O7-0013 FP07-0013

the substrate P and the substrate P within a

hori zontal plane is called the X-axis direction, the
direction orthogonal to the X-axis direction within

the horizontal plane is called the Y-axis direction

(t Bxample,diquids hpving aerafiastive inddxtdfenct fess tham lthate used
is perpendicular to the X-axis and Y 5 axis directions
anas ke dizstoiquid LY sepplied feom 4ke firailighid sepply mechanism
projection optical systemPL is called the Z-axis

di {Bcand e vecondliguia Q2 suppliedt from) thk seconddiuid supply
around the X-axis, Y-axis and Z-axis are _respectively
camesaanan GO. onathis embpdunentonthe ifivst dispidl LQ1 tangd the

term "suhstrate" used here includes a sem conduct or
wa%%orldokimlahi&ioareesﬁ saReapuidd aki@rt pEampien glycerol

oot SECBUC i Bl G e s P i s such
TG e Sk ek ook e sopsning
TR L 0i B 0 S S A bR o oic
fr,(ﬂm tihe exgosur e | l% source uni { orm ri\ c ndenaer
| HYTHAL deoRrPge!, a&ﬁpé%%ﬁn& FISRENESO PPofFEhe
CH0R3L, Phe A stae, MST s B3 aB Wil Roldifie s Hhsk M

em ssi

 TIREUtb s BRpbigRel iR el afd S i ia S 0z

r P Rest| L PR plle' bOBe0dIGAY jo 06 el s AX of the
el BBlicAr SSHAl P ok it B A7 BRI The mask
(o BESTis R B0 Bask o Ui Hieo RN OB that is
| SURSRELRTNE, £ 10 AP DGR ) S BRENRE:  The mesk
P%@ége driving mechanism MSTD is controlled by the controller CONT.

A moving mirror 52 is provided on the mask stage MST. A laser
interferometer 53 is provided in a position opposed to the moving
mirror 52. The position of the mask M on the mask stage MS in the
two-dimensional direction and the rotation angle thereof are measured
in real time by the laser interferometer 53 and measurement results are
output to the controller CONT. On the basis of the measurement
‘results of the laser interferometer 53 the controller CONT drives the
mask stage driving mechanism MSTD, thereby performing the
positioning of the mask M supported by the mask stage MST.

'[0090] The projection optical system PL projects an image of a pattern
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[0088] In this enbodi nent, |iquids having a high
refractive index, for 51 FP0O7-0013 exanple, |iquids

having a refractive index of not less than 1.6 are FP07-0013

used as the first liquid LQL supplied fromthe first
l'iquid supply nechanism 10 and the second liquid LQ2
supplied fromthe second liquid supply nechanism 30.

In this enbodinent, the first liquid LQL and the 5

seebilte magk M logether subsieate dheo leiffacit e:xpboureexatiph gorescribed
gl ycerol (CH2[ OH CH CH2[ OH] ) and hept ane (C7HL16)

- caprajectiste dmagnification i fui dEhéaprajectiomi gpticalf sgstenvePL is

i ndex., Furthernore, water contajning H+, CS-, K+,

a constituted by apphuralitynaf eptichkelements ES hdoda$7 iin¢luding the
of .oxi de_oaill m nurf1 I sopropanol , hexane, decane, etc._
cafirsiopsical elegaent L1 provledpia fipporioags thesubstrate P side
novapl e whi] e hol di.ng th sk M_and capabl e of
tm%l‘gﬂh%ﬁ‘?spiéﬁﬁﬁ%ﬁﬁmf slemenisrb8otier 184 a7 wpported by a

ST R oo R Biestobep kBl s P
Y s SR Sy S hon b s V1 Yor 1
O Ao L B e S BB P Sy s
Bl i B R RS o F T SIS o,
t nbf% S SpAgTeiRC LS Ri Hiio] e BGRnHER, GHE et 1L
anloBREeS BiaEFRBn B i BaflbAh RUBPE R gt abf bbject
+ a7 $idg pasgrthrbUbh bR aRiR e AT GTRERK £R7db LS1, is
e il eC ORI TG RS EEME DEThs MIBIGARN puticalgystem
SE T atl T HONMSIRE T SPEHERUISE oHEf Peie Broueh
StcagR dffthe dxﬁﬁ.ﬁ&gig oﬁﬁgp gga’tnt%@?t&n URPRS TR, ¥ SkpBLie light EL

projects an |
passes through a prescribed region of a top surface T4 of the second

optical element LS2, passes through a prescribed region of a bottom
surface T3 thereof and then becomes incident on the second liquid
immersion region LR2. The exposure light EL that has passed through
the second liquid immersion region LR2 passes through a prescribed
region of a top surface T2 of the first optical element LS1, then passes
through a bottom surface T1 thereof, becomes incident on the first
liquid immersion region LRI and then reaches the substrate P.

[0091] In this embodiment, the first optical element LS1 is a plane-
parallel plate having no refractive power, which is capable of

transmitting the exposure light EL, where the bottom surface T1 and top
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52 FP07-0013 of the mask Mon the substrate P to
ef fect exposure with a prescribed projection

magni fication P. The projection optical systemPL is FP(7-0013

constituted by a plurality of optical elenments LSl to
LS7 including the first optical element LS 1 provided
at a tip portion on the substrate P side 5 and these
plurality of optical elenments LSl to LS7 are supported
bysarfaced2 efthedirsprptical eleirendmbe dubstantiallpgarallel.  On the
proj ection S&Ei cal systemPL is a reduction system
wi othes Ivng, dibei sacomdgopticalacleorers bS2 thas, refigctire poser (the
for exanple. Incidentally, the_ projection optical
sylansnoreratian).al fecideetally; ithe fust gptical element LS1 may have
equa| - magni fi cation system or an enlarging system 10
ThECTEAGEBRPRWET (fhe lens eperation)f r om the i | [uni nati on
opﬁdchgg S tembl L becones_incident on the projection
optl08Z] <JBeawbsirate age S Thjhesa s@hsirie fiokder BHsthas holds
t hy ou t he ltiple optical elenents LS7Y to LS, is
¢ e SHhtiate Py nistis ReoViHeg Sorasce B¢ ovble R a base B on the
proj ection optj cal stem PL, and yeaches_t he
S UBgge plane ks of (¢ Amjection eptigal sy M W&ougﬁh%substrate
each of e Itip]le tica] elerents.LS7 to LS3, t
eﬁf!i@%%.f’ﬁilaﬁw@@ g’}ﬁéﬁg&%ﬁﬁﬁ%éﬁ@gﬁ Wi Mechanisy SRIDL.
of to urface T4, of. the second pGgal el ene
B ifbshels ing cSEr PR oy bR lofs Foguilse by the
surf 13 of~and then becones.incident on t .
S el GO R Suh St S8 ririv i TiepeBihen WS TDI is
li t h 20 the.second |iquid
bt d 86,4 BTR0E A DoBe dudior. VBigCEpTmatel dhd the
r gl rf{.ac f [ heal.
IR peinbRE i ot frole e Sitfd ShaatbhSThinsachyaf the
t her : : NG de firs A Ui ..
| i PSR Faps echBns ABd el 0VHhd 9 diregtions.
[ ' i , T | C
[ SHRFEGR, i SuBSRAG STERD PITE col HoRNHe Sndi e sl by
p r j j 0 r | t41 tRe -
PR, Sl dPOPHY o Rac TR s 1 sRIERRY Z-axis
directions and the X, 6Y and 6Z directions.
[0093] A moving mirror 54 is provided on a side surface of the
substrate stage PST1. A laser interferometer 55 is provided in a
position opposed to the moving mirror 54. The position of the
substrate P on the substrate stage PST1 in the two-dimensional direction
and the rotation angle thereof are measured in real time by the laser
interferometer 55 and measurement results are output to the controller
CONT. On the basis of the measurement results of the laser
interferometer 55, the controller CONT drives the substrate stage PST1
via the substrate stage driving mechanism PSTD1 within a two-

dimensional coordinate system defined by the laser interferometer 55,
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FPO7- 0013 surface T2 of the first optical elenent are
substantially parallel. On the other hand, the second

optical elenent LS2 has refractive power (the |I|ens FP0O7-0013

operation). Incidentally, the first optical elenent LS

1 may have refractive power (the lens operation). 5

[ 0092] The substrate stage PST1 has a substrate hol der

PH that holds the substrate P, and is provided so as

t othseehp pesiasming dhe pasibening of the subsfeatel Riseppodeddsy the
the projection optical systemPL. The substrate stage
pssubsirate stage RYT1 ﬁ%ﬂ%%ﬂm@CbZa@ésdhﬁ@h@gSnechani sm

PSTD1. -~ The substrate stage driving mechani sm PSTDL is
cgﬁﬁ%rb&h e ﬁﬁXpﬁéulfoama&tﬂ E& hoorfocum detogbonrsyistem of an

?E@?li@ié Iél\l/le age %ﬁf”ﬂ%l@éeééia&%&%&%% igfermation on
5 B R A S0 o open
TP HA &3 7o [ eovimits; abhe Fusvis delciigg systsen detects the
T TR N A
or BT v L B RREs plagie o e Bipdedton bhighl Systérh PL.
e inE SR h S S FiOR 4 2, BRkPI Tt of sBe sprfage of
0 h MbSia R PIRRRES it pOSIORCHE R foRhS Fhidfr et atso to

' L SRRty Sokelh F G APRol5E pet On

DA S o A5 WA s el
| i t e .
T EORFE i T SUbstate" Saeb RS TIOTL Y SuBHERE, S0¢ flvine

arﬁéﬂi&lﬂérﬁEPSU@P'mﬁ%&ﬁ%ﬁ%ﬁé@@%ﬁ?@%ﬁoﬂﬁg PO4ili8) of the

| aser interferoneter
substrate P in the Z-axis direction and position thereof in the X and Y

directions, whereby the controller CONT aligns the surface (exposure
surface) of the substrate P with an image plane formed by the auto focus
method and the auto leveling method via the projection optical system
VPL and the liquid LQ.
[0095] Incidentally, the focus detection system may detect the surface
position of the substrate P from outside the liquid immersion region
LRI, instead of going through the medium of the liquid LQ1 or may be
used in combination with a system that detects the surface position of
the substrate P via the liquid LQI.
[0096] A hollow portion 50 is provided on the substrate stage PST1
and the substrate holder PH is disposed within the hollow portion 50.
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t hereby performng the positioning of the substrate P
supported by the substrate stage PST1 in the X-axis

and Z-axis directions. [0094] The exposure apparatus FP07-0013

EX has a focus detection systemof an oblique

i ncidence nethod that detects surface position

information on 5 the surface of the substrate P as

di scl osed in Japanese Patent Laid-Open No. Hei .
8- 37@13 surfage ol avipthe subsérate stagedRS &d texmept yhe bollow portion
detects t he osition (focus position) on the surface

of %5 AR A SUEACE 9 a5t havezalanest theisamea height as the swrface of

puihe’ Subdetiend duin bucils Fubbirrion haldr it (b9 @lsrost flush
DS o b e D petarh sge FEFT Hab tiqui
?ﬁ‘t&?ﬁeﬂsflﬁf%%%ﬁg%éﬁﬁgﬁlﬂggé rlgiueidﬁ ' Eihﬁf:caeg%ﬁb@ top
orolriteq B Doiest His i B iierics of 3he mbskate b provided
§¥ 040 R ﬁ%’”fg%‘? i&g@@@mg%ﬁ}%ﬁd&%ﬁ; . fppge plane
i I i . it i X O, . .
o VR 3 PRI S 547,y SaE 13E, rmersion
. Powi
" Hep R BT B e O RED ey B VTt %&ﬁ%ﬁwgp%@g of a
;ﬁ@ﬁﬁ:ﬁ%@%ﬁ?@‘%ﬂ bty %%S@?{ 8 ﬁ#h %ﬁiﬁr%?% yﬁgtnsgfo%e?-
| 00574t ad SRRNRERRAT LRS! KT "R SURGRBEY  wit various
aEssrfl L @fientsor gt Rirfiiie HncbSliaf it (1AM t6 exposure
CHBEAR, iaﬁg Pobided EU%E %mﬁegﬁxbv%lfﬁhsth fhl%lgé ggfigﬁgtge image

E
position of “ the substrate P via the liqu

; ' | fed t
Aot SHE Ot doe PR oo R o TR s gpment stage

STl auiin) eniekbey ge BvnEEai oS
t NehehaldasureRRERt StBge driving mechanism PSTD2 is controlled by the
controller CONT. And the controller CONT can move each of the
substrate stage PST1 and the measurement stage PST2 independently of
each other via each of the stage driving mechanism PSTD1, PSTD2 on
the base BP. The measurement stage driving mechanism PSTD2 has a
configuration equal to that of the substrate stage driving mechanism
PSTDI1, and in the same way as with the substrate stage PST1, the
measurement stage PST2 is movable in each of the X-axis, Y-axis and
Z-axis directions and the 0X, 0Y and 6Z directions by use of the

measurement stage driving mechanism PSTD2. A moving mirror 56

for a laser interferometer 57 is provided on a side surface of the

56



10

15

20

25

50 is a flat surface so as to have al nost the sane
hei ght as the surface of the substrate P held by the

substrate hol der PH (be alnost flush therewith). The FPQ7-0013

top surface 51 of the substrate stage PST1 has liquid

5 repellent properties against the first liquid LQL.

Because the top surface 51 alnost flush with the

surface of the substrate P is provided around the

substasarement tstegefl BSE2.1 | dhied pogitiors dfetlte aneaswremengestage

pl ane side of the projection optical systemPL, and

t hBSi2r isx thiei tywo-dirmensiosabdireciegn andltRe rotatidreanglelithereof are

fornmed even when the-inmersion exposure of a 10

pemieaeresl iretkpe tpoe hiyothedfisehimterfefemetertS7 fed on the basis of

substrate P is performed. [0097] The neasurenent

st mpaswementsreayglis pi slae ldsen intgrfesometerc®d theegntroller CONT

instrunments for _ performng neasurenent related to

expRRitels thenestsen ofithe measutesaeristage PSTHe novabl e on

thf base BP on the imge _plane side of the projection

optdU88] sdax epeming pomdionef4lss BnEarmed agethesmpayirement stage
enent stage driving nmechani sm PSTD2.

%éﬁ@ﬁ%pgﬁgﬁg{iﬁg@mﬁmﬁ% sife AE e projestion joptical system
CERk! S vl 5B O<lopaid By Wgsta pachh 64K
o Fof ERMERER wRh RS I ek BT RoEhes s 5 Shmmpte. A
R et NS EalSar s aoe o Sorkee oo o

- Dor SRS, & B FORE B2 PR ol Bpening

TR 5 e T e AL, A B2 bl 58 of he
AR T LA B g PRSI g fparnt
| AL LRGREHSh BE G POy BeR BB HRLASS as
PR A SR RO ALRRE I 8 e an

th8peRIrfadef 58 of the measurement stage PST? is configured so as to

e
-

include the top surface 65 of the transparent member 64. Incidentally,
it is preferred that the top surface 58 of the measurement stage PST2
and the top surface 65 of the transparent member 64 have liquid-
repellent properties against the liquid LQ.

[0099] The top surface 58 of the measurement stage PST2 including
the top surface 65 of the transparent member 64 is provided in a
position side by side with respect to the top surface 51 of the substrate
stage PST1, and the top surface 51 of the substrate stage PST1 and the
top surface 58 of the measurement stage PST2 are provided so as to

have almost the same height position.
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nmeasured in real time by the |aser interferoneter 57
and on the basis of neasurenent results of the | aser

interferoneter 57, the controller CONT 5 controls the FPO7-0013

position of the neasurenent stage PST2. [0098] An

openi ng portion 64K is formed on the nmeasurenent stage
PST2 di sposed on the i mage pl ane side of the

projection optical system PL, and a transparent

meb00]64 Arsirmdesad spdcé 66tthat epanecty tpdhe iopenbddportitne 64K
transparent nenber 64 is nmade of a glass plate, for
exismdbemed 9 thep nseasuaemeib sthge hBSTRans parde rthe mamdrdtoring
64 is a flat surface. Also a top surface 58 of the
meagparatesn 60sis adfspOSTL imttherintdraal spacepénofithe poedsuoement
64K is also a flat surface. And the top surface 58 of

t hefagerd 812 endie moaiferip@Tappardtushel tis providedcwithsamfoptical
the transparent nenber 64 disposed in the opening
posystem éirdlap@sqd belae dheotransparent memben 6doand tane image-
sane_hei ght (be_al nost, flush with each other), and the

t opickupf elemad 63 qanstifeiedub¥ e ({CEX agd theTlikes The image-
configured so as_ to ipclude the top surface 65 of the

Br elsmentndd capaobiain eptical) ingages (imagas) eafethe diquids
that th “surface 58 of the asurenent stage  PST2
ar@Qﬁaeeleégﬁs g Apticeb elements t('if%%sphgahtar@ﬁﬁgrl g via the
have |iquid- 2Q repellen roperties agajnst.the ]
| ita%m%aagaﬁ r o @nldoéwgepﬁa%les:@éem? 61 o The Tmage-pickup

measurenent sta PST2 i.ncl udi n the top,surface G5
oCIERISTY 10 SPBYH OLFamEHr TRaBTS, o Hlpeiisal piggals and outputs

Sitsr stiudls finier oirfolglionEris th eontelgt GHNEC" The
SaOnHEE RSP B Eagn FUviany BropRuH & sapide of
P R e DR SRR B BT 198 Hhontoring
L A S T e
t e rhBEEOR ?'legﬁﬂlafﬁl(sgnc? thé ggc&@&?ﬂﬁﬁ&?ﬂﬁnersion region LR2 to
be observed.
[0101] Incidentally, although the whole of the monitoring apparatus
60 may be disposed in the interior of the measurement stage PST2, for
example, part of the plurality of optical elements constituting the optical
system 61, the image-pickup element 63 and the like may be disposed
outside the measurement stage PST2. The configuration may be such
that the adjustment mechanism 62 is omitted.
[0102] Incidentally, in order to increase the numerical aperture in the
liquid immersion method, it is conceivable to use liquids having a high
refractive index, for example, liquids having a refractive index of not

less than 1.6. - In this case, it is preferred that part of the lenses of the
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stage PST2. The nonitoring apparatus 60 is provided
with an optical 5 system 61 di sposed bel ow t he

transparent nenber 64 and an inmage- pickup element 63 FP07-0013

constituted by a CCD and the |ike. The inmage- pickup

el ement 63 can obtain optical imges (inmages) of the
liquids (LQL, LQ2), the optical elenents (LS1, LS2)

and the like via the transparent nenber 64 and the
opprajetticry opticabdystde(partigalarlis kutenkOcleke te nhe Ghage plane)
convert obtained inmages into electrical signals and
oubpunade ofia matpral having gehighf rfrativennder inherder to reduce
controller CONT. The nonitoring apparatus 60 has an
adfhgssire (diameeter)nd  theopraj eptibih @p&baf syjtest. i nigot example, it is
focal position of the optical system61. The .
nopieferred gthab ppapaguthe @ptinel seleinentd ofi Sied projection optical
enabl es the whole of the first |iquid 15 inmersjon

r egyiséemy_rthe asagonde opticah ¢lernaui (LS'antBr eortact egitbnthersecond
to, be observed. [0101] Incidentally, although the .
whidareidok.Qhbenmade o algleasp anet of the matgyialie ofi(sgdssalcium
in the interior of the measureqgent stage PST2, for )
ex@FgeR angaMeQr(magnesivinapxide)of Ldys ie@abF@ @&ﬂgﬁsnumemal

F%&t}aﬂﬁe %Eglhz?ﬁ%{ '“5% arteasible %ﬂ%lhﬁép E&ampé,%o%@l when
O S TR AL TR 35280 TR T, SR B0e t
SAENET BRSO YR
ST TS B S R BB 5 it optcal
IR N SRR N -
O3 B LR Db SR STEATE AL e
"0 R P B P g o BRI e
:@%ﬁﬁg fig%t ito%éicgl; g}%@%ﬁfé%@gg %sgggé‘cg nelfes b ha! image plane
side be made of at least one of CaO and MgO.
[0104] That is, it is preferred that the projection optical system that
projects an image of an object on the substrate via the liquid in the
liquid immersion region formed on the image plane side be provided
with the first optical element that is disposed nearest to the image plane
side and made of at least one of the materials of CAO (calcium oxide)
and MgO (magnesium oxide). Also, it is preferred that the projection
optical system that projects an image of an object on the substrate via
the liquid in the liquid immersion region formed on the image plane side

be provided with the first optical element that is disposed nearest to the

image plane side and the second optical element that is disposed
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5 system the second optical elenent LS2 in contact
wth the second Iliquid LQ2 be nmade of at | east one of

the materials of CaO (calcium oxide) and MO FP07-0013

(rmagnesi um oxi de). This enabl es a hi gh nuneri cal
aperture to be realized wwth a feasible size. For
exanpl e, even when an ArF exciner |aser (wavel ength:
193 nmis used, it is possible to 10 realize a high

nuadpacent tafer bbjeet aidé bé the dast opti¢abelemdritghad.that at least
[0103] In the above-descri bed second enbodi nent, the

f i one odpghe dakt optiealeelenent atidsthessextondanptidal teberibat be made
irrgig]e pl ane side (the substrate P side) is a

pl ahetpleast loak of dhe maténia)s nof 1CGAOa{tileaimponride) and MgO
However, ~when this first optical element LS | has

r emagnésienponigle). i Forexangiley orel of 3he Hist optisalf ¢lestent LS1
optical elenment LS1 di sposed nearest to the inmage )

pl amd thei sesond epdealotlementehS2 oae bef ntade ofdC¥HQ) (calcium
[Olz?ﬁg That is, it is preferred that the projection

op@xicig) asddhe etheraan be jaster of Mg fapegnesivan ozifeXt on

th sulistrat, viﬁth liquid in the Liquid_imersio .
reﬁ]l&é f yhavhepathe Bradreptinal elemept b labas pefractive

with the first optical elenent that i s disposed

neROWSE, 1t & holealwaigangaessary tatitheepticalqeatbspace besyeen the
o g S A e TP
BB beseernd Bl ate via the |iquid in the
oy T2, 50 R 8 MG oo
RSl R Y B SAS Lo R g 1
e ot
S0 B SRR BRROCRneforRA oRfdTo. Hagteidly it s
e RTRE R HRRAE of, G oBIEREE R SR, BLHeCFighhfif 'of the
LSt plfie RAE (Rle SORA8'F 510 of the projection optical system
is made of CAO or MgO, an optical element in the vicinity of this

optical element be made of MgO or CAO correspondingly and that the
thickness of these optical elements along the optical axis be designed so
as to reduce the effect of intrinsic birefringence. In this connection, it
is preferred that these optical elements have the same crystal orientation.
It is not always necessary that the optical element made of CaO and the
optical element made of MgO be adjacent to each other.
[0107] For example, when a case where the second optical element
- LS2 is made of MgO (or CAO) and the third optical element LS3 is
made of CAO (or MgO) is considered, it is preferred that the thickness
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oxi de) and the other can be made of MJO (rmagnesi um
oxide). [0105] Incidentally, when the first optical

el ement LS1 has refractive power, it is not always FP07-0013

necessary that the optical path space between the

first optical elenent LS1 and the second optical

el ement LS2 be filled 10 wth the second liquid Q.
[0106] Although CAO (cal ci um oxide) and MyO (rmagnesi um
oxoflehe beoomd rupticadi elehienef L.ERgakeg ahet bptivalvekinantd the
of the exposure light EL, the signs of the intrinsic

bi thetknesgeat ¢harthirdpppticak etemerc L.S3 latong rthe GAfical axis be
(cal ci um oxi de) and MyO (rmagnesi um oxi de). Therefore,

i tdésignéd po efsetortsetvirtuell ywheoportienal td the reverseahumbers of the
elenments in the vicinity of the inmage plane side (the
subaluestaf Entsinte) hifefringepcojac GAQ apdi MgOsydnethe above-
made of CAO or MO an optical elenment in the vicinity

of deseribedogasec the &rgneptical element &S IMpearest @athe image plane

correspondingly and that the thickness of these
optife 4 @@%’M%Paﬁlldﬁbcambe opadecef sidichglass. desi gned so
20 as to reduce the effect. of intrinsic birefrjngence.

| G184 cWhea theodirst optical glesrentrled] thag refirettve power, the
P Plirst psicabielamenh bds iy be Aaade 1t Med ¢er CoA@heftie second
i e BRLS Zoma e [te It CACRENES), ahd ihe thickness
TS o coln”SHaneneE o7 Sl Srnand B

Uik 18 SSERPEK RSYAT GUSTERDD JobA 810D the QBHaRs may be

¢ st s SRS th e Yir a3 ropart Sha e sy ecmmbees of the
oA pBifindf pRERIRECe 3t G Rt Ve es o
T S TR A X TN S S
:Tgagéfég}ﬁécgﬁﬁi&tc %hgﬁ.ﬁtégeie%ﬁoﬁt 0§t SRhthihe SMED (RBeRSium
oxide) be formed on an optical surface of this optical element. When
an optical element is made of MgO (magnesium oxide), it is preferred
that an antireflection coating containing CAO (calcium oxide) be
formed on an optical surface of this optical element.
[0110] In the above-described first embodiment and second
embodiment, it is possible to use a crystalline material in which another
material is added to CAO (calcium oxide) or a crystalline material in
which another material is added to MgO (magnesium oxide).
Furthermore, it is also possible to use barium fluoride, strontium oxide,
barium oxide or crystalline materials that contain these substances as a

-main component. - Although in the above-described first embodiment
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[0108] When the first optical elenent LS | has
refractive power, the first optical elenent LS 1 may

be made of MyO (or CAO), the second optical elenent FP07-0013

LS2 may be nmade of CAO (or MO, and the thickness 10

of the first optical elenment LSl al ong the optical

axis and the thickness of the second optical el enent

LS2 along the optical axis may be designed so as to
beand rsevehd yerpbogionéntp GA Ok (odl bient e@xédseand NgOs (mhgnesmm
the values of intrinsic birefringence of CAO and MO

[ OeRitle)Wremsed aptiystdlliakamateridls ofeslddes, ICAO alsmpossible to
oxide), it is 15 preferred that an antireflection

coase narlconystl (SiQ; byGtiljmadesipphiredo aleimine drystat)d on

an optical surface of this optical elenent. Wen an
optGLld] elnidentaily, miblen dheMjQuichdnmsetsion anetheyd, is tused as
is preferred that an antireflection coating

c odesarihasy abwwe,( the shmerioal dperbwe Ny m&dhOnplzmectlon optlcal
optical surface of this optical element. 20 [0110

t hey sheimy Brayebecome d)-Pitosi %m%qmthe anm APe e'NA of

odingnt, it is possible to use ystal line
rPléJJe¢th0Wﬁ’iPéllﬁ’ﬂEﬁB$tﬁﬁ¥ inqraesss; like thisade sandemiynpolarized

BRI S S AT iy e

Furtherm)re it is also 033|ble to use bari
fI%%P?TdEleSsWPéﬁn GHeota &]ge polagization, ediedd therefore it is

e mater,jal s that .contain._t SUbSt anc

el 391}6%%!?1‘?1&1’1&?@ Hﬂuaﬁnaﬂ%e Ilaﬂﬁbi%s&, éF moa visable to
1 GRS PRRRN BOJTigRd W)BRTRBGABSAUENS .uwe) & WoTibiinal
g ot = fad PefienT 'ei?s ¢ 4pd; Ssce,RAtesfl Eixeby to ensure
SR RN -
ST S UIBRAC LSRR o e
BB B8] E 0 Pe8 et B 5 I8l pate
of the mask (reticle). When the region between the projection optical
system PL and a resist applied to the surface of the substrate P is filled
with a liquid, the transmittance on the resist surface, an improvement of
which the s-polarized light component (the TE-polarized light
component) contributes to in contrast, increases compared to a case
where the region between the projection optical system PL and a resist
applied to the surface of the substrate P is filled with air (gas).
Therefore, high imaging quality can be obtained even when the
numerical aperture NA of the projection optical system exceeds 1.0.
[0112] Also, it is more effective to combine a phase shift mask, the

oblique incident illumination ~method (particularly, the dipole
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light that has hitherto been used as exposure |ight,
i maging quality may sonetines worsen due to the

pol ari zation effect and, therefore, it is 10 preferred FP07-0013

to use polarized illumnation. In this case, it is
advisable to performlinearly polarized, illumnation
aligned in the longitudinal direction of a line
pattern of a line and space pattern, thereby to ensure
t hdluramasiomo naethodyl dligited donghenéorgitadifibl plateetionedf a line
i ght conmponent), i.e., a diffraction |ight conponent
of pattgrol & dizeldsed idijapanésePatennbaid©Opkh Nongi 1881liGShénd the
direction of the line pattern is emtted a lot froma
paliker n Paﬁﬁculhﬁynasiomgmaitiohe()f thahbnearthe podarized illumination
between the tE.)lro'.ecti on optical systemPL and a resi st
appicileod aodtthe dippleadbimomation mﬂfﬁgod as effectivefwherdhe cycle
wth aliquid, the transmttance on the resist .
sudireetéon £ linpravk space gfattenhs db limied- fsolaapresstibed single
lio(%lt;t conmponent (the TE-pol arized |ight 20 conpgnent)
codirectien eadishem holmpetisins anecpressatsincdense eenditioa along a
egi on between

23}%1%@%‘1%& singla dizhtion. alpr pg@ﬁﬁef YiBes a hadiorts itffﬁlephase
T GTHUCE T N Si CrE
b8 R Yy S BSENR oS B S Pcd
OB SR, S Sond Ry S, RS Then 5
Bl 0 0t -
| 19OEBREE 10, 81 GRSy WSKE BRRSONRLY BRIgZec, Dbl S aisrgh when the
AT 0§ (PP o e
oo 2 indiP o RF BIAR PRSI FlraBioh Hatts 0.95,
<1 ig aCRRIL pRIN5T e TS el BhaR il pEBRLIS fleso, and
PRAS Awrdlti i gﬁst%gﬁ@r%@\fg ot thE PBJEHOAIH sPefekPPL! K112,
[0113] A combination of linearly polarized illumination and the small-
o illumination method (an illumination method in which the c-value
indicating the ratio of the numerical aperture of the illumination system
NAi to the numerical aperture of the projection optical system NAp is
not more than 0.4) is also effective.
[0114] For example, in a case where fine line and space patterns (for
example, lines and spaces of 25 to 50 nm or so) are exposed on the

substrate P by using a projection optical system PL with a reducing

magnification of 1/4 or so with an ArF excimer laser beam as the

- exposure light, the mask M acts as a polarizing plate due to the
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nmor so) is illumnated by a conbination of the
linearly polarized 10 illum nation nethod and the
dipole illumnation nmethod. Then it is possible to FP07-0013
i ncrease the depth of. focus (DOF) by 150 nmor so
conpared to a case where randonmly polarized light is
used, when the illumnation a defined by a
circunscribed circle of two light beanms formng the
di pavegoidet ffept dependiageonftht heorifiguratioat o0 the ysaskmM (for
is 0.95, 15 the radius of each of the |ight beans on
t hexgmpld, theafinenessOofl i pasterhs nhé thenthidlamdss apfechromium)
NA of the projection optical systemPL is 1.2. [0113]
A audridinoat |chﬁé'a¢t1d)m nieght piptheasipadrized uiglmta cionmpameht (TE-
the small illumnation method éan il lum nation nethod
i npelarizedtlighteonaporent) ithiar the difftabtiondighs aff ppiodarized light
: nuneri cal erture of the illum nation system 20 NAi

5 toCQmQOnQnie&fMapO kpizeddightafornpengntpjeemiibed fnmn dhe mask M.
system NAp is . not nore than 0.4) is also effective,
[ olm ghis Fr@see;&alrsmvr@fenrﬂd dhebithe ahev&desw@ ¢d dmeanly diffracted

sp ce patterns (f exanpl e, lines and spaces o)
%cf -« Bayeee, gven fehensthesmasgk M bl}l%umnated
ctlon .opt.i system PL vvlthareducmg
Wﬁgg 1@f12§¢14fi8hfss igh t1esalying Fpesfermance can be

r be masthe exposrellght the nask M ac
d?.ewsnpmatae @se peerecthes umeic mertmﬁﬁaq @f the

o R A T
STV e A s Mg
i °”e3t@%m%§%2wt§@reﬁi’p 36 15 8 paish st iR 8! D) thf S¥ire grid
é? ¢ ARONS, BF Mo W potdtide] Tight omabpyérd ¢TMspplagized
i ﬁ%ﬁ ﬁ@?@g’ﬁeﬁﬁt HEEng SR thaf Dk, 4Bt 8F TR sHoldized
15 AR VTIBOR AN BmeRRE AT 158D, ToP B8Rl i

a case where fine line and space patterns that are larger than 25 nm are

exposed on the substrate P by using a projection optical system PL with
a reducing magnification of 1/4 or so with an ArF excimer laser beam as
the exposure light, more diffraction light of the s-polarized light
20 component (TE-polarized light component) than the diffraction light of
p-polarized light component (TM-polarized light component) is emitted
from the mask M. Therefore, high resolving performance can be
obtained even in a case where the numerical aperture NA of the
projection optical system PL is as large as 0.9 to 1.3.
N 25 -~ [0116] Furthermore, in addition to the linearly polarized illumination

(s-polarized illumination) aligned in the longitudinal direction of the -
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10 projection optical systemPL is as large as 0.9 to
1.3. -[0115] Wen ultrafineline and space patterns on

the mask M are exposed on the substrate P, there is a FP07-0013

possibility that due to the wire grid effect, the

amount of the p-polarized |ight conponent

(TM pol ari zed |ight conponent) becones | arger than

t he amount of the s-polarized 15 |ight conponent

( Thap patteiz ef the masle (teticldjowswiisclobed ivXapahese Patent Laid-
case where fine |ine and space patterns that are

| aDgen No.afr-533 20raarcenbimeapioneef the pdlarizedsnatiratiomynethod,
using a projection oFt ical systemPL with a reducing
neigni fWhiehi dinesdfr 1pelarizationw ish @erfarfeel cimertheastangential
beam as the exposure light, nore diffraction_ |ight of

t Hgircupoiesentialy diregtionadf & oirplenwith the ensiveh akpeservinghas the
conponent)_ than the djffraction |ight of p-polarized |

| i efitter; pmsh Hea obligue paicidant ddlunmigationomsthed iy also effective.
emtted fromthe nmask M Therefore, high resolving .
pefarbichiarks retnonly 1noacase svheredhe patteraanf theanask iGesticle)
nuneri cal aperture NA of the projection optical .
sydedmerpatiegngextandimgam @ prescsibedsingle digeatépn, but also in a
Furtherpore, in addition to the ljnearly, polarized )

i 1938fiHastedhe pastesas afithenask (reticla) &g)ling patiems; gxtending
the | ongitudinal ,di.rection of the, 64 FP07-0Q13 |ine

pdnt #rPltsRlieh O diferept apred) dinsetians (lipecandnspace Patterns
Japanese,.Ratent Laid,Open No. 6-853120,. a conbinatj.on
oHAvRS ﬂﬁﬁr?rﬁeayﬁm SRt BEKGH). bY  gRmiNnptioR 4f the

(TR a5 BT hih BRI Bbfegtion ds performed

iR e et REpitorste vl B¢ oPRced ftis Serviigas the
FRENGLA Yo Bl LY R SR, WG, R
PHERi P AR BT SHEOREENET 678128 B7is PoftibBaRy obfhhigh
558000 ey By R e Mo BSBBOML 68 o th projion
ggﬁgi?%g{% (s)f;?iﬁglfig tlﬁi—eée‘?CtFBP%xﬁ:frﬁJIQ] b Y pRase shift mask of

half tone type with 6% transmittance (pattems with a half pitch of 63

am or so) is illuminated by a combination of the polarized illumination
method, in which linear polarization is performed in the tangential
(circumferential) direction of a circle with the optical axis serving as the
center and the annular illumination method (annular ratio: 3/4), then it is
'possible to increase the depth of focus (DOF) by 250 nm or so
compared to a case where randomly polarized light is used when the
illumination ¢ is 0.95 and the numerical aperture NA of the projection
optical system PL is 1.00, and it is possible to increase the depth of
~focus (DOF) by 100 nm or so if the numerical aperture NA of the
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pol arized illum nation nethod, in which |inear
pol arization is perforned in the tangential direction

of acircle wwth the optical axis serving as the FP07-0013

center, and the annular illum nation nmethod, which is
described in Japanese Patent Laid-Open No. 6-53120,

it is possible to obtain high 15 imging quality even
when the nunerical aperture NA of the projection
opprajettisy siptival S?zlslam‘iés 1B iin @ssapifepatidras witle ahalSeitch of
shift mask of half tone type with 6% transmttance
(pabtmemms soith a half pitch of 63 amor so) is

illum nated by a conbination of the polarized

i | JQniAat i emhbre], in naddition Itondhe pboee-deatiibed i garious
performed in the tangential 20 (circunferential)

di Buninstionf methods; litismlsh affiectiyet iccapplyxthe pragvéssiveafocal-
the center and the annular illumnation method |

( apout sexposure methed, which is disslogsdl sfob| exanoplendnelapanese
t he depth of focus (D(]:%'b 250 nmor so_ conmpared to

» Baieat WiaideOpandim ¢-367612 el JapanesesPatead LigrOpre No.
illumnation 6 i.s 0.95 and the nunerical aperture NA .
of 20Qk-3gpdfacern the muliaple wavelepgthe gxposure metmd, diem; which
i s, possible to increase the depth of focus (DOF) by )
10benfrme shect ashéhe pregressivedecalimeinia exposuee method is

FPQ7-001 proj ection optical, systemis_.1.2 in case of
pa@ot?té% Ryt Bsingnthe %PP@W%&I Wﬂoml%plzq m'ﬂ?engtﬁs (for
Furtherlrmre, in aFdit' n to the above-descri bed

vaxasgle, dopl wavsls thods, it is also effective to

e8] o o 487 sEumdimsintcanapriell PR dn adiechat dnghe tip of
e N D e e CAREL L -,
A T S e BB 5 By BERRE S Bhons
SR T BBk O B8 picin
AR C]lstthe PR IniddAYCnt Spfils bide Used to adjust the
optical characteristics of the projection optical system PL may also be
used as the optical element attached to the tip of the projection optical
system PL. Or alternatively, it is also possible to use a plane-parallel
plate transmitting exposure light.
[0119] Incidentally, when the pressure between the optical element at
the tip of the projection optical system PL and the substrate P generated
by the flow of the liquid LQ is large, instead of making the optical
element replaceable, the optical element can be firmly fixed so that the
optical element is not moved by the pressure.
[0120] Incidentally, although in this embodiment the configuration is

such that the region between the projection optical system PL and the
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the projection optical system PL and by using this
lens it becones possible to adjust the optical

characteristics, for exanple, aberrations (spherical FPQ7-0013

aberration, coma aberration and the like) of the
projection 15 optical system PL. Incidentally, an

optical plate used to adjust the optical

characteristics of the projection optical system PL
megutmstmte Feis fifled withtthe ligiidcb, dheromtfigtratiohaday de such
the tip of the projection optical systemPL. O

al that,nfori eselrgple, the diqalid d.Qdsdilkéd withuseoser glass made of a
pl ane-parallel plate transmtting exposure |ight. 20

[ oplagg-parallelepiate atfachdteio thesurfassef thelsubatrate Phe

optical elenment at the tip of the projection optical
sylél@] PLInoadentaly s ap she aubstPatgeR emgﬂmdab@ye-dhmribaﬂvsecond
of the liquid LQis large, instead of making the ]
opixagaple, enefmenly ree seadeandector heatat fomithe  mannfactanng of
be firmy fixed so that the optical elenment is _not |
nosesaicepdugtor g ees, éQUtZ@SP(ﬁlg&SSI suhistrate 401 display device, a
al though in_thjs enbgodi nent the_ configuration is uc .
t Hetae walgr Eﬂr Brinibm magneie head; @had}a@&@mpla%fsyﬂﬁleﬂc
PL _land t_re 66 FPO7-0013 substrate Pis. filled wth

t HaliFq.gai1gon vater) Ieamask af iathWiﬁ}/ used 40 EXPOREEe apparatus

o B k< Bresgblihal | of pl at e ftached (o the
1012305 o dfie " ¥basiee suennetise EXodh 4bbbin 16 4 Scanning
oS e e RRESALSSI Bt L, LA s method
o850, A5, R ebon L LS Wl R G B white
SYBLREI5 o Ao E ML ! RS s v o
M g A s A
SRR o bof oEpr e HiARR L Rollbffo13 ool Battorns
of the mask M, with the mask M and the substrate P kept in a stationary
state, and successively moves the substrate P in steps.
[0123] For the exposure apparatus, it is possible to apply the present
invention to an exposure apparatus of a method that involves
collectively exposing a reduced image of a first pattern on the substrate
P, with the first pattern and the substrate P kept in an almost stationary
state, by use of a projection optical system (for example, a dioptric
projection optical system of a reducing magnification of 1/8 not
including a reflecting element). In this case, it is also possible to apply
the present invention to a collective exposure apparatus of the stitch

method that further involves collectively exposing thereafter a reduced -
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synchronously noving the mask M and the substrate P,
it is possible to apply the present invention to a

proj ecti on exposure apparatus (a 15 stepper) of the FP07-0013

step and repeat nethod that collectively exposes

patterns of the mask M with the mask M and the
substrate P kept in a stationary state, and

successively noves the substrate P in steps. [0123]
Foimage ofpescorad pattarmionsthd tubstratosd,i Wit the semind pattern
the present invention to an exposure apparatus of a
mepdrdich] tyhsuperposddres the Girsbpateeri ared with thwessewpnal pattern and
reduced inage of a first pattern on the substrate P,

wi the tshbstiratesP kept eim aan cilmust ssthionartye skatkediy i useamf the
al nost stationary state, by use of a projection

opeicjedtiory sypdieal fyistemaniior, the exppsurec appamites tafothe stitch
optical system of a_reducing magnification of 1/8 not
i naethidygt is alspipassiblg telappiynthe presenhigventinn to anjexposure
al so possible to apply 25 the present invention to a
c Appseetusoidhp step and sptelnmethod thatdnvelvesHransdenring at least
that further inyalves collectively exposing thereafter
a W padlerns 7whigdy age partipHigsupstpaset coh e substateo k), and
the substrate P, with the second pattern partially
supEepselygnovie the sibsieate & n and with the second
p r d the supstrate P kept in an gl nost )
s{mﬁ&ﬂar & (X eRentHNVeBEOBf C%eﬁqs%rhﬁ applieq tgpthe 4win-stage
system For the exposure  appar at of .the stitch,5 .
e RB EXRASUFS 2P tB%’sg‘ﬁ"é&g 1g 1&%‘;139ét1 ¢ Wﬁ%{b atent Laid-
i npyenti t osyre apparat us. of e s
SIBER N nof TRAER; ririansalT Pafr ok Akt MSBsi10-2h8783,
pattern whi ch. are papt.ially.sugerpgsed. on,ih
Cafichfie b licHGul B cafradyonAvAmt AT sk 12000 55958,
[0124] +T [ese i pvention can al so be appljed
| ARG i s B BRknd PHETiteBBS5PE Sispieutt b pt feast part
di S n Pat ent | aid- . 10-4163
el Bl ARpaSalS g e, piBEIe i, el G e two
res j.catl ' i .0 l.icatign
2B BelsoAHAeR Burb P el dbaRaf. ‘Rid Wiy a0l the
SXRORHEANGIPaPLS 6 ndy 3fdo BB frovided in only one of the two
substrate stages. |
[0125] Although in the above-described embodiment, the description
was given to the case where the present invention is applied to the
exposure apparatus provided with the measurement stage and the
substrate stage, it is also possible to apply the present invention to an
exposure apparatus that is provided with only one substrate stage and is
not provided with a measurement stage. |
[0126] Although in the above-described embodiment, the exposure
-apparatus that locally fills a 1iquid in the region between the projection

optical system PL and the substrate P is adopted, it is also possible to
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of the nonitoring apparatus 60 nmay be provided in each
of the two 15 substrate stages supporting the

substrates, or at |east part of the nonitoring FP0O7-0013

apparatus 60 may al so be provided in only one of the

two substrate stages:. [0125] Although in the

above- descri bed enbodi nent, the description was given

to the case where the present invention is applied to

t happlROthex prssent iappation Ue P dwirdesion tdxpoare apparatus that
nmeasur enent stage and the substrate stage, it is also
paswivel @ stagapwildirighe spbsisate; winchrisiannobjecaof exposure, in a
exposure apparatus that is provided with only one

s ubguidaenk sesadschostdiia Japehese Batede tLavd-Open No. 6-124873.
measur enent stage. [0126] Al though in the )
abl®l&7d e sAs ifor theetypedithetexpoisere appanatus, ths pagaeat avention
that locally fills a liquid in the region between the
prisj ewti dimitedt fe ahnsexpesumel appirefus HiX¥stioat snamufacturing
adopted, it is.also possible to 68 FPO7-0013 apply

t reenpicesduetor ndevicesnin ovaichi samieonduaiepadeyiee pattérns are
apparatys that noves a stage hol ding a substrate,

wWHXResed aihthsoyehstrase Pexqm‘-gmalsmb@mplabuagph@i ko exposure
di scl osed jn Japanese, Pai,ent Lai d- Open_. No., 6-124873,,

[ pparatns fopmamactsing liquid-caysialsdisplaspplements orydisplays,
D SRR SESOTEGRS e RRBBASIHEE (e BN EREnghe deadscimage-
{ HECKUB SIFRPRAC Ge).asHclesss TBasks &l Jiaghes o6 to
CTBI) ASRRRLEHEP s B LS e B s 5, 4R pecond
S g TR ] RO ke of
M L
D58 PR Bt SRR SRR e,
LG RERRERL BBk SR SfticA AcBRbadlES R hRAHAREN"Ef Blcer to
maintain these various kinds of accuracies, before and after this
assembling, adjustments for achieving optical accuracies are made for
various kinds of optical systems, adjustments for achieving mechanical
accuracies are made for various kinds of mechanical systems, and
adjustments for achieving electrical accuracies are made for various
kinds of electrical systems. The assembling process from each
subsystem to the exposure apparatus includes mechanical connections,
wiring connections of electric circuits, piping connections of barometric
circuits and the like among each of the various kinds of subsystems. It

is needless to say that before this assembling process from each

subsystem to the exposure apparatus, there are individual assembling
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15 el ectrical accuracies and optical accuracies are
mai ntained. In order to nmaintain these various kinds

of accuracies, before and after this assenbling, FP07-0013

adjustnents for achieving optical accuracies are nade

for wvarious kinds of optical systens, adjustnents for
achi evi ng nechani cal accuracies are nade for various

ki nds of nechani cal systens, and 20 adjustnents for
acprioeesstg ef eathi shthacubsysters. arwhendthef asserabling process
kinds of electrical systens. The assenbling process

f rivone@ath sublsyyienerot thet bepesyresapparapahas been completed,
i ncl udes nechani cal connections, Wwring connections

of owedrel tadjustmenty aresperfopined andnveramnisdaads foflaecorasies as the
circuits and the |ike anong each of the various kinds
ofwhalssgxpasuse appagfus arsmersiireds tIncidentalhatit fepraferred that
this assenbling process fromeach subsystemto the
extpesnarufagpueariithe exiposeresapparadisihedperfomnedibla ¢lgan room

.69 FPO7-0013 processes of each of the subSﬁsterrs.

wishenerfemparatisti elgaplinesssand thenlikeiare eomzgdedm to t he
exposur e apparatus has been conpl eted, overall . :
aﬁpd@,?]mrln reXpespro rpparatesiol the abeveddeaeribed embodiment,

accuracies as fhe .whole exposure apparatus are
ertgg rr@as:fq ﬁmaaléhtlwllymmatqubmweepg éﬁeumn@atlﬁa apparatus

ufacture of the exppsure apparatyus be perfaorned i .

& Alumanson,stan) andh pattams E)rneer QR 2 183sK dAF tramsrerring
li ke are cantrole. 0129]. I n the eng,surea aratus .
ofal'e H&PQ5EG Q1Y d8Er P SeHHYF stratg MSE; @ &hg prgjection

is illymnated b f the ill ti t _
- (CRsca] | SEE orftBF cppXBRRPTEar SERls f BvERbLn AlpRgevices
o ShehicRhchSn, divises: HBags SRR, lemapis dsaasaystal Gsplay

N T T T T S —
B o B B B SO PO v
| BERIEE 42, BB S Bl St R Muctr
f%V%&%@irﬁﬂ:ﬂ%&é@ﬁg@%tfghing prescribed circuit patterns on a
wafer and the like as a photosensitive substrate by the exposure
apparatus of this embodiment.
[0130] First, in Step 301 of Figure 9, metal films are deposited on
wafers of one lot. In Step 302, photoresists are applied to the metal
films on the wafers of the one lot. After that, in Step 303, images of
patterns on the mask are successively exposed and transferred in each
shot region on the wafers of one lot by using the exposure apparatus of
this embodiment via the projection optical system. After that, in Step
304, the development of the photoresists on the wafers of the one lot is

performed. - After that, in Step 305, etching is performed on the wafers
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devi ces as m crodevices by form ng prescribed circuit
patterns on a wafer and the |like as a photosensitive

substrate by the exposure apparatus of this FP07-0013

enbodi nent. [0130] First, in Step 301 of Figure 9,

metal films are deposited on 20 wafers of one lot. In
Step 302, photoresists are applied to the netal filns

on the wafers of the one lot. After that, in Step 303,

i nrefdse ohe lppbyarshsg dre tewstnpatterak eassrhecmaﬁts; abiereby circuit
exposed and transferred in each shot region on the
vapatterns fcorrespoadinyy to she pattbmseom ehe measkspareaforsedf in each
thi s enbodi nent via the projection optical system

Af ofthet sttt regionStorpedtth 8Dthe wherdevel opment of the
photoresi sts on the wafers of the one lot is

peffiGrided. Afterethathatdevices Ssegh 365, semitomipdter devices are
performed on the wafers 70 FPO7-0013 of the one |ot
bymasifagtures bysperforpaingethesfarsation wficizcuitrpettetns of upper
circuit patterns corresponding to the patterns on the
neleiersaaed fthe nidee.i nAsaerdingftot the shove-desgribrd oramifenturing
of the wafers. [0131] After that, devices such as
sanetndiof somiernduster dewces, iimpostble tedobipin semiconductor

erfqrm theforrratron of circuit patterns of upper
Asreesandaving |very. DmecoHmuy pattenns awish e goed dorthiughput.

sl '”grshaugﬁs@ tsindlld: 6 St d0Somaian ngeperied on

f| ne circuit patter vvr t good roug

| WREFERH LESIS)S akg 8 ﬁ}q ag&éée stepsnef gxposure,
i's de osite vvafers resi ts Iledtoth
L S e gsqr@pt%leafpeéim@%ﬁ,ene el 15 also

| ess, t

256 48 it et Witr i sucli et oRde JiERY of sflicon are
ARt O R o S SR e e
SeBpertd e BRic s irdinanichin PnERASY i Sisps of
8RR AR gt%h%g.t hi's embodi ment, “i t s
[0132] In the exposure apparatus of this embodiment, it is also
possible to obtain a liquid-crystal display device as a microdevice by
forming prescribed patterns (circuit patterns, electrode patterns and the
like) on the plate (glass substrate). With reference to the flowchart of
Figure 10, an example of a procedure to be followed in this case will be
‘described below. In Figure 10, first in the pattern forming step 401,
what is called the photolithography step is performed by use of the
exposure apparatus of this embodiment. The photolithography step
involves transferring and exposing patterns of the mask on a
photosensitive substrate (a glass substrate to which a resist is applied

~and the like). In this photolithography step, prescribed patterns
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possible to obtain a liquid-crystal display device as
a mcrodevice by formng prescribed patterns (circuit

patterns, electrode patterns and the |ike) on'the FP07-0013

plate (glass substrate). Wth reference to the

flowmchart of 20 Figure 10, an exanple of a procedure

to be followed in this case will be described bel ow.

In Figure 10, first in the pattern form ng step 401,
V\himt:lucﬁngad laget embbooflsledtegdeshnd thedikes apee féraneddn the
by use of the exposure apparatus of this enbodi nent.
Thehqtosemditive aybstrhte. st After ithan| the sextposedf @rbsimate padses the
exposi ng patterns of the nask on a 25 photosensitive

s ulteps,asuch asgthes deselopmeattestep, whe ottchinpestext and the resist
applied and the like). In this photolithography step,
prreswovingdstemt whereby preseibad gatierns acd fotimayl anlthe gubstrate
nunmber of electrodes and the like are formed on the
prasrbherpiocesepmuiseds o the ffllawingheolor fiterdopmingi step 402.
substrate passes the steps, such as the devel opnent .
st[8p 331 heNext; hinn ghes tC@(bOIarfﬁtQI‘h comainigs stepr 48y i goberepilter is
wher eby prescribed patterns are forped on the

supsmed:is whicha {arge prussleersobhsais d dbracpdemcormspending to R
05D, 0 e 3 16D &5 i e or
B R W K
o FoTien@! ARG e, pohngratfer Be monicE onming step

ar in.10 a ri zont al..scanni.ng di rection.
e

l_@eHcﬂSa? PliEcrep Q%ﬁdﬁegf ] eqﬂz,nm%ce@{‘agsembling -
ST LSBLSR oL Sy ALt by aombied by
RS SR i PR T SolensSP B e
D081 of ) TR 58 DU By BShe], o bb S8l ymine

oAk Rbife TRe ST (3 gap between, for

e’f@f@h]e’ Thifie %Eﬁsa{s[s@ﬁl%lilﬂﬁvé.tgﬁ 43¢ Tﬁfuii(ﬁ’ %Pyﬁgfst ateijected into
a gapr between, for example, the substrate having prescribed patterns
obtained in the pattern forming step 401 and the color filter obtained in
the color filter forming step 402, whereby a liquid-crystal panel (a
liquid-crystal cell) is manufactured. After that, in the module
assembling step 404, parts, such as an electric circuit for causing the
assembled liquid-crystal panel (a liquid-crystal cell) to perform display
operations and a backlight, are attached and a liquid-crystal device is
completed. According to the above-described manufacturing method
of liquid-crystal elements, it is possible to obtain a liquid-crystal

-element having very fine circuit patterns with good throughput.
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obtained in the pattern formng step 401 and the col or
filter obtained in the color filter formng step 402,
whereby a liquid-crystal panel (a 20 |iquid-crystal FP07-0013
cell) is manufactured. After that, in the nodule
assenbling step 404, parts, such as an electric

circuit for causing the assenbled |iquid-crystal

panel (a liquid-crystal cell) to perform display
opfii8S]onalthetigh hacktl gixcimar dighitt soahreel ianged in the above-
l'iquid-crystal device is conpleted. According to the
abdeseriheslcembeodimenty tlhe kind of theliphtis@reefis not limited to this,
liquid-crystal elenents, it is possible to obtain a

| i ayad @t 5r 3iso glossible ve nise fathen gppropridte dightisouncds, such as an
patterns with good throughput. 72 FP07-0013 [0135]

Al Fhdaggr HghtsBuroeci nignrtheémhores calthomighs insthe abovdrdescribed
above described enbodi nent, the kind of the light. .
soembedimenbthe ipresend invention, is applied té shelprojection optical
possi bl e to use other appropriate |ight sources, such
asSystemAR baswountedn gruexposiFaapperatus.ctheaapmagion af the
t he above-described 5 enbodi nent the present jnvention

i sPreppmt warentiontis net binaited tomthigandat is alsemassthie te apply the
nmount ed on the exposure apparatus, the application of

t HEesgRlas¥gnRtIpA e @ﬁh@rgmerﬁbpmwmmeptlgalowséelaﬁd it
is_alsqg possible to apply the present invention to
otH@$CFQEa@Mf%YWj@$i on optical systens. Description

of jﬁ%‘gol s 10 [0136] Lb Boundary lens Lp

pI[9 arallel plate LmLiquid (imersion liquid) d

First i [ tical system 15 & Second i nagi ng
opI{‘ cal@ﬁﬁ]ﬁgﬁg Third i magi ng optical system- €M

fl ' M, M PI fl '
%ﬂ?ﬁgﬁ’lgge-pgrca{ﬂeq%lé?e”or , ane reflecting

Lm Liquid (immersion liquid)
G1 First imaging optical system
(G2  Second imaging optical system
G3  Third imaging optical system
CM Concave reflecting mirror
M1,M2  Plane reflecting mirror
Li  Each lens component

100 Light source

IL  Jllumination optical system
R Reticle

RS Reticle stage

PL  Projection optical system

W Wafer
‘WS Wafer stage
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Li Each | ens component 20 100 Light source IL
Illum nation optical system R Reticle RS Reticle

stage PL Projection optical system 25 WWfer W5 FP0O7-0013

Waf er stage 73 FPO7-0013 CLAIMS 1. A projection

optical systemthat projects a reduced i nage of a

first surface onto a second surface, characterized in
that an optical path between said projection optical
system and said 5 second GIUAIMS can be filled with
liquid having a refractive index larger than 1.5,

whier e & prbjentiony eptivalle systenpélsati prajectepd iredlicgrhtimage of a
within said projection optical systemis 1, said
prinjsestiface opto & akcend serfacaniarscterjzed o dmatary | ens

that can be contacted with said gas on the side of

sai d fansopticalfpath betweebOsaidnprojeettomiopticahisysteiny wind said
on the side of said second surface, and in that saijd
bagadad yutface daasbe fibledi withdiquith kastingg pefmntivenihdex larger
made of an optical material having a refractive index
| 4hagerl.? hwhere 8. refractive imdexeef gamimpni epticad \pathwithin said
according to ,claim1, characterized in that a
cangjaction aiel system isbx0. 15 is satisfied, where a

focal |ength of ,said boundary lens is, Fb and a

maxi muftidnBriesion Mptwmal seistmeeomprising & bongdssy, lens that
The oj ection _optical, system according. tq cl.aim1l,

ngpg @qurg@@edi%gmhgaidasg/g%@tt @ fide 0% sa?ld hrst surface and

contacted with said liquid on the side of said second surface, and in that
said boundary lens has a positive refracting power and is made of
an optical material having a refractive index larger than 1.8.
2. The projection optical system according to claim 1, characterized
in that a condition
0.11 <Yi/Fb <0.15
is satisfied, where a focal length of said boundary lens is Fb and a
maximum image height on said second surface is Yi.
3.  The projection optical system according to claim 1, characterized
in that a condition
0.115 <Yi/Fb<0.15
is satisfied, where a focal length of said boundary lens is Fb and a
maximum image height on said second surface is Yi.
4.  The projection optical system according to claim 1, characterized
in that a condition

0.115<Y1Fb<0.14

. is satisfied, where a focal length of said boundary lens is Fb and a
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20 0.115 < Yi/Fb < 0.15 is satisfied, where a focal
| ength of said boundary lens is Fb and a maxi num

i mge height on said second surface is Yi. 4. The FP0O7-0013

projection optical systemaccording to claim1,
characterized in that a condition 25 0.115 < YilFb <
0.14 is satisfied, where a focal length of said

boundary lens is Fb and a 74 FP0O7-0013 maxi mum i nage
hemglximoam saagde deigntchrs sditiaeeond sififack is Yie proj ection
optical system according to any one of clains 1 to 4,
chiys act’Ehié pesjection atticahkyistbnuaceurding ts ang omdef cfaims 1 to
magnesi um oxi de. 6. The projection optical system
acéochtiragterizedlinithatssaid hevadaey lersds fnade ohatagnestim oxide.
projection optical systemhas at | east one optically

t r@nspaflenprofectien apdivel sfsteat aceonding de claim Pheharacterized
projection optical systemaccording to claim 6, .
chiar ¢bekrsaiddprojectioat optical tsvisteraedasnat aldagt forem optically
said first surface, a first to third optically

t rizariparent meorhssmade o gakeiwan oxide. travel i ng 1i ght
includes at 10 | east one optically transparent nenber |
mabe oflheaprpjeetion optisal gpsten aqpardms e elaion 6o ghargsterized
system according to any one of claifms 1 to 4, .
chsy Hatestartiang sequentially dromusaish Jirse syriagengadirsg to third
cal cium oxide. 9. The projection optical syst )
acaBichllygtransparanhmembers aieng g ofi traveling ﬁglmmcludes at

kS e S BB e el B
D A PGS WP s B s 1
ot T PSR 3 gl i
N T —
' §RSthd"SafP tfm%%c':ﬂ'mtl ' 8B 168 es%terﬁle B8 TPYRad one optically
transparent member made of magnesium oxide.
10.  The projection optical system according to any one of claims 1 to
4, characterized in that, starting sequentially from said second surface, a
first to third optically transparent members along a path of traveling
light include at least one optically transparent member made of
magnesium oxide and at least one optically transparent member made of
calcium oxide, and
in that a condition
0.05<TC/TM <0.43
is satisfied, where the sum of center thickness of said at least one

optically transparent member made of the magnesium oxide is TM, and

the sum of center thickness of said at least one optically transparent
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calciumoxide, and in that a condition 0.05 < TC TM <
0.43 is satisfied, where the sum of center thickness

of said at |east one 25 optically transparent nenber FPQ7-0013

made of the magnesiumoxide is TM and the sum of
center thickness of said at | east one optically
transparent 75 FP0O7-0013 nenber made of the cal cium
oxide is TC. 11. The projection optical system

acmenthiergnhde of thercdlRiumahadads @d.zed in that one
optically transparent nmenber made of said nmagnesium

oxlHe &kt oprofretional bpticalhnsysteent acoovbdingrade oflaim 10,
said 5 calciumoxide constitute a united lens. 12.
Theharactesizedom tti on¢ aptitadly aunspaieny mendey madeodf said
claimse 1 to 4, characterized in that said boundar )
| emaghesinat@xode andr gie @pticaly tramsparent membesentaskt af said
MgXCal _XO (0.8 < x < 0.9). 13. .The projection optical
syealeimna oxodalconstituteanyndad lefs.claims 1 to 10 12,
characterized by further conprising an optical menber
hald.ng Thaupenjeefiom opiicabsysi¢maaedon teany waedsglaag 1 to
in an optical path between said boundary |ens _and .
sdhdchaestarizegr imdhat said heamgary dens os madecafl aysysalline
accordjng to claim 13 characterized in that said
ophateaial representeshas s (s Q{0 RN X <89)15 refracting
power s a refractiyve jndex higher, than adj ac:e{g.t )

«12& d. rofertion eptsl systerpaccardngsteany 086 ¢aims L to
claim13 or 14, . .characterized.in that sajd, optical .
ne@@eszﬁwaww%@é& &1 | GPIRBISE ra@cm@ga})a%@mqq% having
made of cal ci um oxi de, magnesi um,oxi de, fluorite, .0
sibipsrntislly g10 FREAGHEE BOMER pd lspossd fnatk diptinah gpath
t%e%%eﬁggicp {)08_1'1 ellrgfsle%ls tagd s%uSd sé:choar{ gﬁr%é(':ez.ed 'n that

14. The projection optical system according to claim 13,
characterized in that said optical member having substantially no
refracting power has a refractive index higher than adjacent liquid.
15. The projection optical system according to claim 13 or 14,
characterized in that said optical member having substantially no
refracting power is made of calcium oxide, magnesium oxide, fluorite,
or silica. |
16. The projection optical system according to any one of claims 1 to
15, characterized in that
the projection optical system further comprises a crystal optical
element made of a crystal belonging to a cubic system, and said
boundary lens is made of a crystal belonging to a cubic system, in that
said crystal optical element is arranged so that a first crystal axis

thereof substantially coincides with an optical axis of said projection
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the projection optical systemfurther conprises a
crystal optical elenent nade of a crystal bel onging

to a cubic system and said boundary lens is made of FEP(7-0013

a crystal belonging to a cubic system ‘in that 25 said
crystal optical elenment is arranged so that a first

crystal axis thereof substantially coincides with an
optical axis of said projection 76 FP07-0013 optical

syspiical ayrterapand boundary lens is arranged so that a
second crystal axis thereof substantially coincides

Wi th arsaddt beudaryi kersf isairthryed) sot thent aoggdond crystal axis
system and in that 5 an orientation of a crystal axis
of theadof substhntialdytdaintidek ewitht an diptical enis fofosnid apmbjection
first crystal axis and an orientation of a crystal
axopticalfsysten, amliimdthay | ens different from said second
crystal axis are arranged to reduce an effect of
i nt ri nsirc obienidtiom gdng ecrystadi ardd afy ssid drystaly optical element
beI onging to the cubic system 10 17. The projection
iffexent frone seid Sostatrygtal @xds ant asorientedioncof ai aystal axis
|n that said boundary |l ens is made of nmagnesi um oxi de
orokc said peundagy, lensndiffarantc fipm asaidpseeand ergaiahtaxis are
made of cal ci um oxide_or 15 magnesium oxide. 18. The
présfaRgacdbio spducsapn sﬁ}f&('é rﬁ%@ﬁﬂﬂ@l%bll‘ﬁﬁmﬂ@% regaiged by said
charaaig zed int hl ckness of said boundary |ens
al gt g1§g|t0t Wﬁﬁﬂekness of sal d crystal

opt4 cal_.el enment al ong the optical axis arran
Lol F-edudie abrarecHen oppiigak | YFETy; ragcer dafm 16,

sﬂxaé”ed 85 1R o] ect] on opt 1 cal _syst em 22&?3?’%3 to

Compr | SR aRTIENIEnS ot BRBr B PRIAE of Calortim oxide,
and

said crystal optical element is made of calcium oxide or
magnesium oxide.

- 18. The projection optical system according to claim 16 or 17,
characterized in that thickness of said boundary lens along an optical
axis and thickness of said crystal optical element along the optical axis
are arranged to reduce an effect of intrinsic birefringence retained by
said crystal belonging to the cubic system.

19.  The projection optical system according to any one of claims 1 to
18, characterized by further comprising at least one concave reflecting
mirror.

20. The projection optical system according to claim 19,
characterized by comprising:

a f'lrst imaging optical system of dioptric type for forming a first
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mrror. 20. The projection optical systemaccording to
claim 19, 25 characterized by conprising: a first

i magi ng optical systemof dioptric type for formng a FpO7-0013
first 77 FPO7-0013 internediate i mage based on |i ght
fromsaid first surface; a second i mgi ng opti cal
systemincluding said at | east one concave reflecting
mrror, the second inaging optical system being for

f citwérngediatecionagt bayeer o ticht éromuaaRl fissteurfice] i ght
fromsaid first 5 internediate image; a third i magi ng
opti cala sgstwedn iotagihgpoptical wystehor ircbudingg sal dit least one
reduced i nage onto said second surface based on |ight

f reoncaaedeflechng mimoe rthre diesbrd iimegeng apticab sy$tehdbemg for
mrror disposed in an optical path between said first
10formang gy sepond ainteysediatenmohagei bassek ondlightifiromn said first
optical system and a second folding mrror disposed

i nnternugstiatedimagesh bet ween said  second i magi ng

optical systemand said third i maging optical system )
21. The thixd smeping opticehkysigm e dioptialitype for dorning said
20, ~ characterized jn that a condition 15 0.5<M/ NAJ<1

i yeduced image opte saidssecomdgurtpaedaseti amlipbh fiom saigl second
entirety of said projection optical systemis MA and
arinferpidagfeiapges i cation of said third imaging

2 AR5 e e o5 B 5 48 v
substrate, .characterized Qy conprising a first optical
e TEIAEHIE QPESBLXPIem Qfﬁgs%l tSCER 9“@%11%@8@%‘5%3% ARd
a0 e el GRS, Bt So0eaT el oo s
second imaging optical system and said third imaging optical system.
21. The projection optical system according to claim 20,
characterized in that a condition
0.5 <M3/MA|<1
is satisfied, where an imaging magnification of the entirety of said
projection optical system is MA and an imaging magnification of said
third imaging optical system is M3,
22. A projection optical system that projects an image of an object
onto a substrate, characterized by comprising
a first optical element disposed on the extremity of image-plane
side and made of at least one material of CaO and MgO.
23. The projection optical system according to claim 22,
characterized by further comprising a second optical element disposed

adjacent to said first optical element on the side of said object and made

of at least one material of CaQ and MgO.
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characterized by further conprising a second opti cal
el ement di sposed 25 adjacent to said first optical

el ement on the side of said object and nade of at FP07-0013

| east one material of CaO and MyO. 78 FP0O7-0013 24.

The projection optical systemaccording to claim 22 or

23, characterized in that said first optical elenent

is disposed so as to be contactable with l[iquid in an

i nder sifire rojevtidoropitabnsystemi megerdinate chite 02 or 23,

said projection optical system 5 25. A projection

optharattesiyst am thagtsapd dirst optienl ehagentofs dispolsgdso as to be

onto a substrate, characterized in that the projection

optontattables teth duppd iinean anfmersiompegionl fehesdon the image-

di sposed on the extremty of inmage-plane side and a

seulend st 0Lsdid progeotion optéqal sydtesnl) acent to the first

optical element on the side of said 10 object, and in

t halt. atA Ipractiomeopticalasystemr shatoprojects an émage efhdn object

sai d second optical elenent is nmade of at |east one

nedrpidesubstrats chanacterjoed 26 thathe proj ecti on opti cal

system according to any one of clains 23 to 25,

char actle ipregedtion: pptical system emapusess gi first pptical element

opt.ical element and .15 sajd second optical, el enent, of .
sPpves o8t then expemity ofy¥nage-planmgide rndae, seaeind: pptical

optical el enen de of the CaOis provided with a )
c&fi%mﬁat SisnosPd qebLo he firsleo {element Qﬁttiléaﬁlde of said

syst.em acgQordi ng to any one of clainms 23 to 26,
cI?i’d%%tt@Fai’é % that at |east one of said first

0Pt 12y SLOTER, 8Prif Rrsohisioaut,BR P he SOl Bl

o A el R U

23 GBI AR B-R0N Q080! oSl R, 2 b P0Rl o caims 23

dité%f%%aﬁ?ct@ﬁzé& in that at least one of said first optical element and
said second optical element of said projection optical system is made of
CaO, and the optical element made of the CaO is provided with a
coating containing MgO.
27. The projection optical system according to any one of claims 23
to 26, characterized in that at least one of said first optical element and
said second optical element of said projection optical system is made of
MgO, and the optical element made of the MgO is provided with a
coating containing CaO.
28. The projection optical system according to any one of claims 25
to 27, characterized in that said first optical element is disposed so as to
be contactable with liquid in an immersion region formed on the image-

plane side of said projection optical system.

79



10

15

20

25

25 be contactable with liquid in an inmersion region
formed on the i mage- plane side of said projection

optical system 79 FPO7-0013 29. A projection optical FpQ7-0013

systemthat projects an inmage of an object onto a
substrate, characterized in that the projection
optical systemconprises a first optical elenent

di sposed on the extremty of imge- pI ane side and a

se2hnd AHprofeitionSoptieale sy stdins tleg gstojelitacanimbge tdfean object
first optical elenent on the si de of said Obj ect, and

i rortbat submtchtd, olmraciptivedin éhatnent i s made of CaO or
MyO, and said second optical elenent is made of MO
or CaCth8@rojduticpr optical systept icoahpuyes anfiastcopticalg element
claim?29, 10 characterized in that thickness of said
f idispossgt boatheeleatrentityaladnimage-plane side andsaasetond optical
t hi ckness of said second optical elenment along the
olement disposed adjrrsing te the firstsoptical edementondhe side of said
intrinsic_ _birefringence retained by said CaO and said
jedtiand e thatoj ecti on optical systemaccording to
claim 30, _15 characterized in_that thickness of said
first opidifest optisabeleneniig made obCathor Mg0, and
t hi ckness, of said second optical el enent al gng t he
opt i casalé@egoad@piw@f gHumertgssaade obMghet Gab. al | y
&hj@nal t,o gn inverse nunber of a yal ue of
bPFRiEFTIABeneRtI¢alt aPYEEMy 2660 mgadchn&l%lmd 29,

20 32. The_pro e tion optical. system ordln
N%ga%éelaze b jig; tht 5310 §"H&lr fiesopPhca Plemet ong an
rst 0 eIenE di sposed so, a
ichl Zotis Hd ﬁﬁi kB st SRR .omcakgﬁ%me%ﬂi@ag the

on helrraeﬂ(r% ne si e of sajd ectlon

I SbEn b SEEF ofEcingrinsic
gﬁyﬁag?@%@e& blact salé%gata%aasaﬁaﬁ\%g&t e

31. The projection optical system according to claim 30,
characterized in that thickness of said first optical element along an
optical axis and thickness of said second optical element along the
optical axis are designed so as to be substantially proportional to an
inverse number of a value of intrinsic birefringence retained by said
CaO and said MgO.
32. The projection optical system according to any one of claims 29
to 31, characterized in that said first optical element is disposed so as to
be contactable with liquid in an immersion region formed on the image-
plahe side of said projection optical system.
33. A projection optical system that projects an image of an object
onto a substrate, characterized in that

- the projection optical system comprises a first optical element
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the projection optical systemconprises a first
optical elenent 80 FP07-0013 disposed on the

extrem ty of inmage-plane side, a second optical FPO7-0013
t

el enent di sposed adjacent to the first optical elenen

on the side of said object, and a third optical

el enment di sposed adj acent to the second opti cal

el enent on the side of said object, and in that 5 said

fi disposed bhithd expriensiay ofliemmpetsiane &idy) ofcond opticiieiément
made of CaQ, an optical elenment made of MyO, and an
opdispesecdhdjaesht tmdee 6irst optical aelghens onr thepside iofedayd object,
and thickness of said optical elenment nade of the CaO

al amd) aanthirdpoptied] elenserstndispoised nadjacerit saitheogsdoma optical
el ement made of the MgO 10 along the optical axis are
deslegres ancthesside of egidoebject, ehtidatthat i ntrinsic

bi refringence retained by said CaO and said MO 34.

The pr spat firsttoofhiid aptieglstlements arelangpticat ledémestmade of
characterized in that said first optical elenment is

di Spos an opficd clembnt madet eltMgDeand an optigal ¢lementimade of
i mersion region formed on the image- 15 pl ane side of
sdilicpglgsscrespacpelycandsyst em 35. A projection

opti cal systemthat, projects_an inmage of an object

ont o atl@,wii@w%tcﬁ, saidappiical icdemenh made @hdherGaQcalang an
opti cal system conprises an, optical elenment made _ of
CADTGH XA anhEhighnesso of rﬁail‘g Aptal plamens qeade qfhthe MgO

CaQ is provided with a_coatipng containing MpQ 36,. . .
THIORE éﬁ%mﬁ@ﬁ 8yl &8 d@%@%ﬂﬁa@@m@g@ @ncﬂgﬁ% @Eintrinsic
chargcterized jn that saj i rst opti el ement is
diqg 25 5%@@‘{;@)’ S@ﬁn&ﬁb@#ﬁémﬁi M%%l quid in an
[ rsiQn re?i.on.forrred.o the i mage- 25 pl an sicle.of
salt orldiee c PRt caPUCs)st S5teBy " 3RepFdipget fon claim 33,
ORaF Rt YE I AP Safl] BeECE5tRN LIBIGs EpoBLESH as to be
contactable with liquid in an immersion region formed on the image-
plane side of said projection optical system.
-35. A projection optical system that projects an image of an object

onto a substrate, characterized in that

the projection optical system comprises an optical element made

- 0f Ca0, and in that

the optical element made of the CaO is provided with a coating
containing MgO.
36. The projection optical system according to claim 35,
characterized in that said first optical element is disposed so as to be
~contactable with liquid in an immersion region formed on the image-

plane side of said projection optical system.

- 37. A projection optical system that projects an image of an object
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81 FP07-0013 onto a substrate, characterized in that
the projection optical system conprises an optical

el enent made of MyO, and in that the optical elenment Fpo7-0013

made of the MgpOis provided with a coating 5

contai ning CaO 38. The projection optical system
according to claim37, characterized in that said
optical elenment nade of the MJOis disposed so as to

beortort adistlte obakdctbiiged th thmtan i mrersion region
formed on the inmage-plane side of said projection

opt i calthe ypsbjestiohbpiftal Aysten apimprisexpan @pticay elanent made
that projects an image of an object onto a substrate,

c et el rareenh byt conprising a first optical el ement

di sposed on the extremty of imge-plane side and

made othaoptieaktlenmentroatndeial thier M@ isprevaldd weth a coating
material group consisting of CaQ a crystalline
maoataiaing @la(hi ni ng CaO, MgO, and a 15 crystalline

mat eri al containing MJO, 40. The projection optical,

sy emlhecopddjegtion coplical39systehmr acterdingd ty claim 37,
further conprising a second optical el enent disposed
a@hamterlzgdp inithatf said opsisal eldmenemade ofnthenMg() de disposed
sai d object and nade , of at_|east one material froma
cspsasdol beeomactablewity Hgpid bhan smmeysism regiongormead o the
crystalline paterial conptajni ng,l\go. 41. The

pilagetplane spta ebsaid\prowetiancepiacal §ystenl ai m 39 or 40,
characterized.in that said first optical elenment js )
di’9p 0s &d PEQjegHon opfecal comtert tist OrRjacss anginags ©fan object

B O R

O R B 59 T Bk B e plne
side and made of at least one material from a crystalline material group
consisting of Ca0, a crystalline material containing CaO, MgO, and a
crystalline material containing MgO.
40. The projection optical system according to claim 39,
characterized by further comprising a second optical element disposed
adjacent to said first optical element on the side of said object and made
of at least one material from a crystalline material group consisting of
MgO and a crystalline material containing MgO.
41. The projection optical system according to claim 39 or 40,
characterized in that said first optical element is disposed so as to be
contactable with liquid in an immersion region formed on the image-
plane side of said projection optical system. |

42. A projection optical system that projects an image of an object -

onto a substrate, characterized in that
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FPO7-0013 the projection optical system conprises a
first optical elenent disposed on the extremty of

i mage- pl ane side and a second optical el enment FP07-0013

di sposed adjacent to the first optical elenent on the
side of said object, and in that 5 at | east one of

said first optical elenent and said second opti cal

element is nade of a material selected fromat |east

one cr ytheaptdjestionradpidad! sygtat Pedhpists rs first optiehl isdeément
mat eri al group consisting of CaO and a crystalline
nmatisposéd amtied xR @ﬁtﬂm&g&gﬂ&n@l gdy st lai second optical
mat eri al group consisting of MJO and a crystalline
matlemait disposedrdjgcernitGoNbeO.firdBoplibal ¢glenjent tonothe side of said
optical system according to claim42, characterized

i nobjeat, amd inethat one of said first optical element and
said second optical elenent of said projection

opt i calatdgssteond of rmadd fukt aptical stementeandiisaikiseceomrd optical
fromsaid first crystalline material group, and the 15
optlevmintcisemade ofide mtesial geldcted fhemeat d¢ast edne tarpistalline
fromsaid first «crystalline material group is |
privaterial gioup ef @ofitstnerystalliar material grevpneonsiséng 0f CaO
selected fromsaid second crystalline material group. _.
44andrige cy$pHiNG enatepial ceontaipgng nCack andi agseeond girystalline
42 or 43, characterized.in that at |east one of said, .

f i materiigrodp cmsiig ahMge) and aocrystedhine spatesial containing
e[’ﬁg t of said projection optical systemis nade of

S -econd material selected fromsaid second

nt

graqu and the op

crystalline mater.ial P, tical ele
el oflhiehe PEGISGHENa PBHICR]  SEPEER o ROCPEREa B0 SGABRd 42,

RS TR Pl L OSSR B i

e SRR S S i e of
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optical element made of said first material selected from said first
crystalline material group is provided with a coating containing a
second material selected from said second crystalline material group.
44. The projection optical system according to claim 42 or 43,
characterized in that at least one of said first optical element and said
second optical element of said projection optical system is made of said
second material selected from said second crystalline material group,
and the optical element made of the second material selected from said
second crystalline material group is provided with a coating containing
said first material selected from said first crystalliné material group.
45. The projection optical system according to any one of claims 42

- to 44, characterized in that said first optical element is disposed so as to
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be contactable with liquid in an imersion region
formed on the i mage plane side of said projection

optical system 46. A projection optical systemthat FEFpQ7-0013

projects an inmage of an object onto a substrate,
characterized in that 5 the projection optical system
conprises a first optical elenent disposed on the
extremty of inage-plane side and a second opti cal

el bereohtadtatie seith didjuad émantimmbsidn ﬁ“é%io@pfdrﬁﬁid &h e hage-
on the side of sai object, and in that said first
opplanalside efieaid projevsibm ofticalfsystdmmat eri al sel ected

from 10 a first crystalline material group consisting

of 46220 Arptogeatiors bpticansystent éiataprojects aimimag€ast an abject
second material, selected froma second crystalline
meortoi casubptiate, caractetizad infthatyO and a crystal line
material containing MJO, and said second opti cal

el enenthé¢ projetsicof opticel systemnt cornptises: lae firstd optisal ebgment
sai d second crystalline material group or a first ]
nedisposad oal tha extremityn ofaimagepiane syde anid aesecond optical
material group. 47. The projection gptical system, .
acement gispesed sidjacent to thefiast eptical ¢lement on the side of said
thi ckness qof said first optical elenent along an

orﬂbj@%ﬂa andil thald t hi ckness of said second opti cal

el enent ng the 20 optical axis are designed sQ as

tor edé@’gf gﬁ%@mg@i eltent 15 wade Ot fisst mg@rmglesecfected from
retiﬁned by said first, materi al selectgd fromsaid )

f i dirst grysalline matemale grap gossistingqof a0sard my crystalline
material selected fromsaid second crystallin

menaterial contRiping “aGH Brcend; watamli i%ﬁctgglsﬁeﬁa a second
accordi,ng to.cl.aim47, 25 characterized int . 5
sl bReSHftBiou cofSstpalol MER e Sriptalline material
opti cal . axj nd ahickness of said second optica

el%@ t 8% 84 FPO7-0013 optical axis are

desi gnedt AR gpt?ceal LOREANL Rlddh &F £8P iR 8llected
from said second crystalline material group or a first material selected
from said first crystalline material group.
47. The projection optical system according to claim 46,
characterized in that thickness of said first optical element along an
optical axis and thickness of said second optical element along the
optical axis are designed so as to reduce an effect of intrinsic
birefringence retained by said first material selected from said first
crystalline material group and said second material selected from said
second crystalline material group. |
48. The projection optical system according to claim 47,
characterized in that thickness of said first optical element along an

- optical axis and thickness of said second optical element along the
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i nverse nunber of a value of intrinsic birefringence
retained by said first naterial selected fromsaid

first crystalline material group and said second FP07-0013

material selected fromsaid second crystalline
material group. 5 49. The projection optical system
according to any one of clains 46 to 48,
characterized in that said first optical elenment is

- di epicaldasiz ae desighed csmntusdivabt esubistdntiallguptopartional to an

i mrersion region forned on the i mage- pl ane side of

s aimvepsenantbes of @pyaloalofsusimic bi@fridgeay tained by said first
optical systemthat projects an i mage of an object 10
onmaterialubslectdde frarhasaidt Brstz erystailineamatéxdal group and said
-projection optical systemconprises a first optical

el savemd mdtespad setected filoen said seviony @iy stabiie npiterial group.
side, a second optical elenent disposed adjacent to

t h49f i rEhe ppojectibneddinahtsystent lagcerdingdb any dnehjfechajms 46
and a third optical elenent_ disposed adjacent _to the
seloohd, eharnetgrizedsndhatsaid finst opticsl dlenagntsaidispased o, as to
and in that said first to third optical elenents are,

anb® pontagtatde avish diquadién en immersien regioar foxmeskor the image-
froma first crystalljine material group consisting of

cavanagide @ faidpojectioneerticadIsys@mai ni ng CaO, an
optjcal, eleprenf made of a second material  sel ected .

f rién a A dueiretan, epHral aestam hatapropectsray H@%sﬁ’éﬁn@bﬁa
of O and a crystalli.ne material containing MgO  and
arpl'gg

& St@t%r%?ﬁaﬁﬁﬁée@m@% ca gl ass, respectively,

and t hickness of the .optical el enent. nade .of sai.d
first thE dmoigehan, |0@8@5L Syﬁ%m- <amprisess @ £iryls PRIcR glement

axi s, and thi,cknes

¢ HShotac: S TP eRiRTRARE MhREEHIae silismd SreoBfciticas efement
MRl RS AL R o8 3L o iBoticct,
el S ol B 5P B e T 22 opicl
T N
said first to third optical elements are an optical element made of
a first material selected from a first crystalline material group consisting
of CaO and a crystalline material containing CaO, an optical element
made of a second material selected from a second crystalline material
group consisting of MgO and a crystalline material containing MgO,
and an optical element made of silica glass, respectively, and
| thickness of the optical element made of said first material
selected from said first crystalline material group along an optical axis
and thickness of the optical element made of said second material

selected from said second crystalline material group along the optical

- axis are designed so as to reduce an effect of intrinsic birefringence
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mat eri al group. 51. The projection optical system
according to claim50, 5 characterized in that said

first optical elenent is disposed so as to be FP07-0013

contactable with liquid in an i mmersion region forned

on the imge- plane side of said projection optical
system 52. A projection optical systemthat projects

an i mge of an object onto a substrate, characterized

i nrethimed I8y sdid frsopetetiahselpeteddiosysié firsoonystadbne amaterial
optical element nade of a first material selected

f rgroup findssaidrsesoatll mateniat seleatedgfronp sadsecand gystlline
CaO and a crystalline material containing CaQ, and in

t hanatetied groupcal el ement made of the first material is
provided with a coating containing a second materi al

sed bet ebhd r projectioron@pticabt aysteme  dcording i 40 gelaimp 50,
consisting of, MJO and a_crystalline materi al
c@hﬁaﬂﬁ%@edw&a&ﬁauhfersbmt@al iebement i< dispoped w9 as to be
according. to claim52, characterized in that_an .
op@QrttaFtﬂgll%Mgﬂll liquid d5ean ammewsien tregian §orsned on the image-
i mpge- pl ane _si.de in said projection optical systemis
dir@%@é & ef a@gtpromtm eptiealsystsm. with 1 iquid in an

[ rsipon region fornmed on the i mage- plane side pf .

sal4 pribjRISISEIvLpPtica)l systere fhatsprojects &) apaggret an object
optical stem that pr.ojects an i mage of an obj ect
orﬁlgoe?‘?m‘fe\t%t‘gl,ar% FIEJ@&éFiﬂ'z‘@d in that the projection

opti cal, system.conprises an optical. el enment. mad 25
of o odhSIoKSHOR oplical stum qQBRTiSeS @B gRiical element made

o eahshantfedl Slell Bromng ie Syt ggatertdl group

TR0 o B S B P L, R e O 85
First oRl gotRh RLSEE AL thd HrSE nHhd Al pi¥¥ided with a
coating containing a second material selected from a second crystalline
material group consisting of MgO and a crystalline niaterial éontaining
-MgO.
53. VThe projection optical system according to claim 52,
characterized in that an optical element disposed on the extremity of
image-plane side in said projection optical system is disposed so as to
be contactable with liquid in an immersion region formed on the image-
Iﬂane side of said projection optical system.
54. A projection optical system that projects an image of an object
onto a substrate, characterized in that
| the projection optical system comprises an optical element made
of a second material selected from a second crystalline material group

- consisting of MgO and a crystalline material containing MgO, and in

86



10

15

20

- 25

mat eri al group consisting of CaO and a crystalline
material containing 5 CaO 55. The projection optical

system according to claim54, characterized in that Fpp7.0013

an optical elenent disposed on the extremty of

i mage- pl ane side in said projection optical systemis
di sposed so as to be contactable with liquid in an

i mrersion region forned on the i mage- 10 pl ane si de of
satlthtpr oj ection optical system 56,. An inaging
optical systemw th which a first surface is

conj ugathewptiwah ckenemomade fofthe seborid eiaterizieid providat with a
an optical path between said i magi ng optical system
andoatitigl caraiming sar fiestenvreribe selddted! fvbirh d ifpst derystalline
having a refractive index larger 15 than 1.5, where a
r eaterialvgrdupdecnsiftiggofi Ga@nangta caistgling materiab coaitaining
i magi ng optical systemis 1, said inaging optical
sy€aén conpri sing a boundary |ens that can be
contacted with said gas on the side of said first
supBacelland projactioned opticah syisterhi qadaprding hdosi daimf 54,
sai d second surface, and-in that 20 said boundary |ens
haeharagiesizevia thetrar aptisap element disposedden dhe extremity of
optical materjal, having a refractive index |arger than
1. imagerplangesidgeigi said dpojections pptieal systemdisndispesed spmas to
56, char actciri zed. . in that said houndary |lens js nmade
of b RoBtactable with liguid én prrigrmarsion regiopuformes,en ghe image-
25 58. Tcg% 'tmagi ng, opti cal ,system according to claim
570lapg side e Esaid dojgahian aptiedi systdde crystal | ine

ri is selected.froma crystalline . 87 FPO7-00 .
E?.% ri ;*ﬂgi%gl%ngp@,‘é@lngwé?e%a@l cWr]%halal ifg@t SUf]fgce' 18
mat er.i al ggntai ni n Ca% '\/81(1) and.a crystalline
e P gRteddREnIavORY EEcesShamieri 2bpt i cal
system accor.din o,claimb57.qr.58,. characterized in .
That - s #qoBtiGe DRl HkEePh hidisRasing, eRticas ystem and said

Crk2bAl surface can be filled with liquid having a refractive index larger
than 1.5, where a refractive index of gas in an optical path within said
imaging optical system is 1,

said imaging optical system comprising a boundary lens that can
be contacted with said gas on the side of said first surface and contacted
with said liquid on the side of said second surface, and in that

said boundary lens has a positive refracting power and is made of
an optical material having a refractive index larger than 1.7.
57. The imaging optical system according to claim 56, characterized
in that said boundary lens is made of an oxide crystalline material in a
cubic system.
58. The imaging optical system according to claim 57, characterized

in that said oxide crystalline material is selected from a crystalline
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5 orientation <100> is substantially in parallel wth
an optical axis. 60. The imaging optical system

according to claim57 or 58, characterized in that FP07-0013

said boundary lens is disposed such that a crystal
orientation <111> is substantially in parallel with an
optical axis. 61. The inmaging optical system according
to any one of clainms 56 to 10 60, characterized in
t haaterial greupcansgtirg of €al) axirysaillins esnedabesdtadtng CaO,
si de exceeds 1. 3. 2. The imagi ng optical system
achig@] argl a@ryatallmeermtemmmﬁaﬁlﬁlg MgO1,
characterized in that a reduced |rrage of said first
sus9.acellies iwagmg opticahi systemormtcondibgcdo thaii8. STher 58,
i mgi ng optical system according to any one of clains
5echagactegized Harthat eaidz bdundatyhkensaisodisposdédsuch that a crystal
<Yi/Fb <0.15 is satisfied, where a focal Iength of
sabmerﬁauﬂnéhﬂﬁ%msulstaﬁldbdmpamﬂz with amegéichbaxist
or a maxi mum obj ect hei ght on said second 20 surface
The magingagphigabpsystemn apsondingcdor ¢laim 137 any 58,

on of claing 56 to 62, characterized in that a

asterized 1nghat yaidrboundaryslens isdisposesisudtnéhat a crystal
focal Iength of sai d boundary lens is _Fb and a 25
eI SRIAtLORdd Feisgrwbstrntiallyaitn parellebpdd ameptinal axis.

ond s_urface iis Yi. 88 FP(%)? 0013 65. 'I%h

%lg %@ngs%ta SYSHEER ACRET mgatﬁyalah engfo drlamn@ 56 to

062 char |zed|nth a ition 0.
Yéqt;ts;har%: t€rized tEcRYIGIic e et aichaccsel surface

_sal(ge bounqq%nﬁ/%l ens is Fb and a 5 maxi num i rrage he| ght

bject heighton said second
62. The imaging optical system according to any one of claims 56 to

61, characterized in that a reduced image of said first surface is formed
on said second surface.
63. The imaging optical system according to any one of claims 56 to
62, characterized in that a condition

0.11 <Yi/Fb<0.15
is satisfied, where a focal length of said boundary lens is Fb and a
maximum image height or a maximum object height on said second
surface is Y1

64, The imaging optical system according to any one of claims 56 to

62, characterized in that a condition

0.115<Yi/Fb<0.15
is satisfied, where a focal length of said boundary lens is Fb and a
maximum image height or a maximum object height on said second

surface is Yi.
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surface is Yi. 66. The imaging optical system
according to any one of clains 56 to 65,

characterized in that the inmaging optical system FP07-0013

conprises: a first imaging optical systemof dioptric
type di sposed between 10 said first surface and said
second surface; a second imaging optical system
i ncluding at | east one concave reflecting mrror, the
se6bnd Thegnagigpbptish] systtenadiosdogetb bey wrenof shiids 56 to
first imaging optical system and said second surface;
anf2 achdractgrizad ghribatoptonditiosy st em of dioptric type
di sposed between 15 said second i mgi ng opti cal
syst emGibdl5 sa¥d/FBesdhidsurface; and in that
respective internmedi ate images are forned in optical
palshsatisdteds ewhers @ foaad tlengtlyiofgsaidt boandarystens nfb and a
sai d second imaging optical systemand between said
s e@@ximum gmageobeigh| ors g smerimuth sdject heightl anrsgidhgecond
optical system 20 67. The imaging optical system
acﬂib‘f%ﬂer@ Yb claim66, characterized in that a
conditign 0.5 < JM3/MAI < 1 is satisfied, where an
n@& néf hﬁagﬁagmgaapaealosyﬁm agwrd@gytmanzém ofl elaimp 6 to
syst.emi,s MA and an. i magi.n nification of
aé agtarized mﬁ@atrtge dptaging Opy@glesﬁs%@mwmassesrhe

90 BB St engce g 10, el 8% L 8T eteen
S BTt TSRS R 3 BRS! 1, B2 betveer

J e e S P R S
TRRGHI 1T Bl 0 R B

cl gt e n%é%&"& fldaf §¢ System and said second surface; and

a third imaging optical system of dioptric type disposed between
said second imaging optical system and said second surface; and in that

respective intermediate images are formed in optical paths
between satd first imaging optical system and said second imaging
optical system and between said second imaging optical system and said
third imaging optical system.
67. The imaging optical system according to claim 66, characterized
in that a condition

0.5<M3/MA|<1
is satisfied, where an imaging magnification of the entirety of said
imaging optical system is MA and an imaging magnification of said
third imaging optical system is M3.

68. The imaging optical system according to claim 66 or 67,
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in that said respective internedi ate i mnages are forned
in an optical path of said first deflecting mrror on

the side of said concave reflecting mrror and in an FP07-0013

optical path of said second deflecting mrror on the

side 10 of said concave reflecting mrror. 70. The

optical system according to any one of clains 1 to

21, 24, 26 to 28, 32, 34, 36, 38, 41, 45, 49, 51, 53,
anch&Bcterized loh eompirising edfirst folding maiet disposet man @ptical
refractive index of 1.6 or higher with respect to a
wapathebesmreenssadd firSt imagifigeopticgl exystean amglk saidlsesgisd émaging
according to any one of clains 1 to 55, characterized

i noptieal fyatampand ecti on optical system projects an

i mage of an object onto a substrate through liquid in ]
an i mer s¢esmd falding) nigraredispasachin anmeepticsil path dietween said
72. An exposure apparatus, characterjzed by conprising

a yconddmaging optisel pystemsgrd saidLberst anagingooptisal system.

of cl ai 1l to, 55, gnd exposing said substrate .

t #Dug e yuasing, opHcahmestemoacqasding to elaisy 68, chheacterized
i mage- pl.ane side of said projection optical.system

73 Rt sxidoespectivg Hygrmediaie dmages ate formerhin an optical path

roj ectj opti,cal. system according to any one of )
o0 saich Bty gstlpcting Jgiwer St s ot sudiepagaa geflecting
through liquid in.an i sion regi,o orjted on the .

| rRgE0r Bd fa g orliGH pal ot said) sec éﬁqf[ﬁqt@ﬁ mygrer e the side
QEFH{PO(E- 0013 74, A nethod of manufacturing device,

¢ M S3LQ SPNGAYE THfleGHNE MU0y hosur e appar at us accor di ng

Loy ai,”[rﬁe@ptiigalussy%gém a%%ording. to any one of claims 1 to 21, 24, 26
to 28, 32, 34, 36, 38, 41, 45, 49, 51, 53, and 55 to 69 characterized in
that said liquid has a refractive index of 1.6 or higher with respect to a
wavelength used.

71. The projection optical system according to any one of claims 1 to
55, characterized in that said projection optical system projects an
image of an object onto a substrate through liquid in an immersion
region formed on the image-plane side.

72. An exposure apparatus, characterized by comprising a projection
optical system according to any one of claims 1 to 55, and exposing said
substrate through liquid in an immersion region formed on the image-
plane side of said projection optical system.

73.  An exposure method, characterized in that a projection optical
system according to any one of claims 1 to 55 is used to expose said
substrate through liquid in an immersion region formed on the image-

plane side of said projection optical system.
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74. A method of manufacturing device, characterized in that the

exposure apparatus according to claim 72 is used.
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