DESCRI PTI ON EXPOSURE APPARATUS, EXPOSURE METHOD, AND DEVI CE PRODUCI NG
METHOD TECHNI CAL FI ELD [ 0001] The present invention relates to an exposure
apparatus for exposing a substrate through a liquid, an exposure mnethod,
and a nethod for producing a device. BACKGROUND ART [0002] Sem conduct or
devices and |liquid crystal display devices are produced by neans of the
so-called photolithography technique in which a pattern fornmed on a nask
is transferred onto a photosensitive sphsir@atien The exposure appar at us,
which is used in the photolithography step, includes a nmask stage for
supporting the mask and a substrate stage for supporting the substrate.
The pattern on the nask is transferred onto the substrate via a

projection optical systexPOdiidi /HIREEESIBY eEyPORVRGRITT®OD, mak st age and t he
substrate stage. In recent years, it is denanded to realize the higher
resolution of the projection opEVERE HETBRANGNMEEHEP to respond to the
further advance of the higher integration of the device pattern. As the 1
exposure wavel ength to be used is shorter, the resolution of the
projection optical system becones higher. As the nunerical aperture of the
projection optical systemis |argefECHheAesdELPi on of the projection
optical system becones higher. Therefore, the exposure wavel ength, which

[0001] The present invention relates to an expcsure
apparatus for exposing a substrate through a liquid, an

exposure method, and a method for producing a device,
BACKGROUND ART

[0002] Semiconductor devices and ligquid crystal display
devices are produced by means of the so-called
photolithography technigue in which a pattern formed on a
mask is transferred onto a photosensitive substrate. The
exposure apparatus, which is used in the photolithography
step, includes a mask stage for supporting the mask and a
supstrate stage for supporting the substrate. The pattern
on the mask is transferred onto the substrate via a
projection optical system while successively moving the
mask stage and the substrate stage. In recent years, it is
demanded to realize the higher resolution of the projection
optical system in order to respond to the further advance

of the higher integration of the device pattern. As the



is used for the exposure apparatus, is shortened year by vyear, and the
nuneri cal aperture of the projection optical systemis increased as well.
The exposure wavel ength, which is dom nantly used at present, is 248 nm of
the KrF excinmer |aser. However, the exposure wavel ength of 193 nm of the
ArF excinmer |aser, which is shorter than the above, 1is also practically
used in sone situations. Wien the exposure is perforned, the depth of
focus (DOF) iSeah89urd mpordianiyrhn tbhee sas@ nBRGLrasrt hens esoidtiann The
resolution R and the depth of focus S are represented by the follow ng
expressi ons respeché veltyiedQOO3hpt Reai kst dNbecomeblhigles. kK2AX/dNA2 . .. (2)
In the expressions, 2, represents the exposure wavel ength, NA represents
the nunerical apeetik®l cfpdritereprd] ebtioreopttiical cpysten samderk,isand k2
represent the process coefficients. According to the expressions (1) and
(2), the foll ohthgefacthd segpprééipat efl. tiThatrdigctwhenophieca bxposiare

wavel ength 2c is shortened and the nunerical 2 aperture NA is increased in
order to enhanBecehes risBiadt-i oAPeReIPHRN tife SA@PERTBf VR BRLRN B /s WidiPowed.
[0004] If the depth of focus 3 is too narrowed, it is difficult to match
the substrate $Brf3Ed Wik FFespREPLED 2RBAFdEge 15| SRBT b ¥ he’ %0 Pdct i on

optical system It i, fgared,Lhat the fosus maran L, Losuf {1 cignt, qurino

system is increased as well. The exposure wavelength,
wnich is dominantly used at present, is 248 nm of the KrF
excimer laser. However, the exposure wavelength of 193 nm
of the ArF excimer laser, which is shorter than the above,
is also practically used in some situations. When the
exposure is performed, the depth of focus (DOF} is also

important in the same manner as the resoiution. The
resclution R and the depth of focus 8 are represented by

the following expressions respectively.

[0003]
R = kieA/NA e (1)
8§ = tk,eA/NA? caL(2)

In the expressions, A represents the exposure
wavelength, NA represents the numerical aperture of the
projection optical system, and k; and k; represent the
process coefficients. According to the expressions (1) and

(2), the folliowing fact is appreciated. That 1s, when the

exposure wavelength A is shortened and the numerical



exposure operation. Accordingly, the liquid imersion method has been
suggested, which is disclosed, for exanple, in International Publication
No. 99/49504 as a nethod for substantially shortening the exposure

wavel ength and w dening the depth of focus. In this liquid inmersion

met hod, the space between the | ower surface of the projection optical
system and the substrate surface is filled with a liquid such as water or
any organi c sobpenturg &4 gemiackiegaed immerdioroareaasost hat tdw negsohut i on
is inproved and the depth of focus is magnified about n times by
utilizing the Racthd¢mdtha hiepnavelfengtihs of itsheaexpesdare |ight beamin the
liquid is 1/n as conpared with that in the air (n represents the

refractive indexo®i t he 14 quieddep¥hi 65 FSc@bOUt s1+30t QadxHodd) Qrdijpary
cases). [0005] In the case of the liquid imrersion exposure apparatus as

di scl osed in |aiernational Bubhi E@é'&ﬁbé\@ateg%/ﬁ%ﬁgé desgribgd aboye, the

liquid in the liquid i1imersion area fornmed on the substrate makes contact

with the opticiad BleyEntlmai eh tBe asrangad Jwsbheekaselystant het ismage

pl ane anong a plurality of elenents (optical 3 elenments) for constructing

t he projecti onfeptddalhasyshemtochn Bsaedt ra i tiwatirgnciehe dotdanung
possibility arises. That is, if the liquid in the liquid imrersion area is
m xed w th anyeiggruriet wrerathenl i kicgenematled, thor leyaigl symefsiam t he
surface of the substrate, and the liquid in the liquid immersion area is
cont am nat ed timarews Wﬁﬁ flhen shegested, which is disclosed, for example,

in Internaticnal Publication No. 99/48504 as a method for
substantially shortening the exposure wavelength and
widening the depth of focus. In this ligquid immersion
method, the space between the lower surface of the
projection optical system and the substrate surface is
filled with a liguid such as water or any organic solvent
to form a liquid immersion area so that the resolution is
improved and the depth of focus is magnified about n times
by utilizing the fact that the wavelength of the exposure
light beam in the liguid is 1/n as compared with that in
the air (n represents the refractive index of the liquid,
which is about 1.2 to 1.6 in ordinary cases).

[0005] In the case of the liquid immersion exposure
apparatus as disclosed in Internaticnal Publication No.
99/49504 described above, the liquid in the liquid
immersion area formed on the substrate makes contact with
the optical element which is arranged most closely to the

image plane among a plurality of elements (optical



optical elenment, which is arranged nost closely to the inmage plane, may be
polluted with the contamnated liquid in the liquid imersion area. If the
optical element is polluted, any inconvenience arises, for exanple, such
that the light transmttance of the optical elenent is |owered and/or any
distribution appears in the light transmttance. As a result, there is
such a possibility that the exposure accuracy and the neasurenent

accuracy, whiclklamenobt afmed-ondta utcie npr bhecpiare odptarcaptsyst enys @ame
deteriorated. [0006] A scanning type exposure apparatus, which exposes the
substrate withlheupht & et htdaorived Ghet Bel heskoaidss ibsyAashr andest y novi ng
the mask and the substrate in the scanning direction, is also disclosed in
| nternational TPEbl i€at+bntNo.L 90749504 e stii et 1@BGFE1oPn2Ede kase of

Specd 1or the YRRRA RG-VE o0 T CEEaRRFE'S SHERU S 10R88r [OF | HEFBUE, Tor
eXATDl e the PRodeLY! Lo o tle eV g, Houever L L L e i g soaning
DI SCLOBLRE. OF TR TRVERTTON prS5r ot oV B o e b e RuertT b 0007)
The present inuggtion hasdpen Jme Lakipg e (0e09Lag) 6i £ gt ances
into consideration, an object of which Is to provide an exposure appar at us
with which it k8age plane, may be polluted with the contaminated liquid
in the liquid immersion area. If the optical element is
pelluted, any inconvenience arises, for example, such that
the light transmittance of the optical element is lowered
and/or any distribution appears in the light transmittance,
As & result, there is such a possibility that the exposure
accuracy and the measurement accuracy, which are obtained
via the projection optical system, are deteriorated.
[00086] A scanning type exposure apparatus, which exposes
the substrate with the pattern formed on the mask while
synchroncously moving the mask and the substrate in the
scanning direction, is also disclosed in International
Publication No. 99/49504 described above. 1In the case of
the scanning type exposure apparatus, it is required to
realize the high speed for the scanning velocity (scanning
speed) in order to improve, for example, the productivity
0of the device. However, if the high scanning velocity is

realized, the following possibility arises. That is, it is

difficult to maintain the liguid immersion area to have a



possible to avoid the deterioration of the exposure accuracy and the
measur enent accuracy caused by the pollution of the el enent (optical

el enent), and a nethod for producing a device using the exposure
apparatus. Another object of the present invention is to provide an
exposure apparatus and an exposure nmethod in which the [liquid inmersion
area is maintained to be in a desired state, and a nethod for producing a
devi ce usi ng thesiexpasine apparatus. Means for Solving the Probl em and
Effect of the Invention: [0008] In order to achieve the objects as

descri bed above, the present invention adopts the follow ng constructions
corresponding to Figs. 1 to 16 as illustrated in enbodi nents. However,

par ent hesi zed reference nuner 8LSCLAPPRK €F t1GIE dSPESELVOB el ements nerely
exenplify the elenents by way of exanple, with which it is not intended
tolimt the respective elenents. [0009] According to a first aspect of the
present 5 invention, there is provided an exposure apparatus (EX) which

exposes a substTAtET PP By Fadivafi hy Hif eXpGaiien:| i ght beam (EL) onto the
substrate (P ough a _|iquid L . the exposure apparatus conprising a
projection( épi$§9§ﬁ sysF@ﬁlFﬁﬁfe&B$%%V?ﬂ£§9§ ﬁ@ﬁr????ygg@eeW%ﬁﬁﬂﬂ:§h€L81 to
LS7) including_a first elenent éLSl closest to an inmage plane and a
second el ement tPISH fhiSA SPESERRORY YHos &St dereheot ez Priard Wit h

respect to thewﬁié?thﬁk%”%@%vgg§lgﬁ exposure apparatus with which it is

possible to aveilid the deterioration of the exposure
accuracy and the measurement accuracy caused by the
polluticn of the element {optical element}), and a method
for producing a device using the exposure apparatus.
Another object of the present invention is to provide an
exposure apparatus and an exposure method in which the
ligquid immersion area is maintained to be in a desired
state, and a method for producing a device using the
exposure apparatus.

Means for Solving the Problem and Effect of the Invention:
[a008] In order to achieve the objects as described
above, the present invention adopts the following
constructions corresponding to Figs. 1 to 16 as illustrated
in embodiments. However, parenthesized reference numerals
affixed to respective elements merely exemplify the
elements by way of example, with which it is not intendgded
to iimit the respective elements.

[0009] Accerding to a first aspect of the present



wherein the first elenment (LS1) has a first surface (Ti) which is arranged
opposite to a surface of the substrate (P) and through which the exposure
| i ght beam (EL) passes, and a second surface (T2) which is arranged
opposite to the second elenment (LS2) and through which the exposure |ight
beam (EL) passes; the first elenent (LS1l) and the second elenent (LS2) are
supported in a substantially stationary state with respect to an optical
axis (AX) of theveptoprectitdreopti pabvsysd em (Rppbsuasspacerbetned@x)t he
second elenment (LS2) and the second surface (T2) of the first el enent
(LS2) is filledhwehhegoseconrd shibgardt¢ LQR) k50 Maaktionl ynaepardura  area,

whi ch includes an area (AR ) of the second surface (T2) of the first

el ement (LS1) thebughramhifdh théocekbosttesiggmt (BéafhEEryh paskiesiicserves as
a liquid imersion area (LR2); and the exposure |ight beam (EL) is

radi ated onto thelsubEts & OCPY et BPeXPosE tIrePrdpser at BX PP Hifough a
first liquid (LQL) on a side of the first surface (Tl) of. the first

el ement (LS1) SR the ¥ E&Cbrd™ i 4iidh (13R)* eitua2ditad of ¢heSdcord Surface
(T2). [00101 Acc ing to the present inventio he, space . between the
substrate and FﬂeggfisﬁugﬁVFQ@egoflfﬁ% ?%?%?“:éﬁg%én?l?ge??NF%&WM%Fﬁthe

first liquid, and the space hetween the ond .el epgn t he seco
surface of thepf???§?mgf%ﬁ€ﬁfngse PTed Wit f%écéeggn%egg%ai A st

o e, S 2200 YRR anuisl aetot Lichdhe Agte
wherein the first element (LS1l) has a first surface (T1)
which is arranged opposite to a surface of the substrate
(P} and through which the exposure light beam (EL) passes,
and a second surface (T2) which is arranged opposite to the
second element (LS2) and through which the exposure light
beam (EL) passes; the first element (LS1} and the second
element (LS2) are supported in a substantiaily stationary
state with respect to an optical axis (&X) of the
projection optical system {PL); a space between the second
element (LS2) and the second surface (T2) of the first
alement (LS2) is filled with a second ligquid (LD2) so that
only a partial area, which includes an area (AR') of the
second surface (T2) of the first element (LS1l) through
which the exposure light beam (EL} passes, serves as a
liguid immersion area {LR2); and the exposure light beam
(EL) is radiated onto the substrate (P) to expose the
substrate (P) through a first liguid (LQ1l) on a side of the

first surface (T1) of the first element {L31) and the



the projection optical systemPL is secured. On the other hand, when the
first liquid, which is on the side of the first surface, nakes contact
with the substrate, there is such a high possibility that the side of the
first surface of the first elenment may be polluted. However, the first

el ement can be constructed to be easily exchangeable, because each of the
side of the first surface of the first elenent and the side of the second
surface of theSfFeae LelerentlOls Pl hedlidw t4f tthe Isegaind. sThered of&) .onl y
the polluted first element can be exchanged with another clean elenent.
The exposure ahBthk medsicereéne Eanthe PEformédveshipsf ackorilareia the
| i quids and the projection optical system provided with the clean first

el enent. The sE‘ég‘ﬁ%l@nIquisdlblsééaFPya riee tHe 94 guirdaremef stioh Gred in only

the partial area, inqludLng the area through which the exposure [ight
beam passes, of thE secord ‘<Gt 4Eb" ofN Het Fi'r St Ve FendRf . P cthafihgl y, the

second liquid can be prevented, fromany | eakage fromthe_circu rence of
The second 7 stE FACR 05 REPrr st LaMeib AT e SFGPBY Pt Techataiitie 1o
avoi d the detegj ti-on _of. any.r nical .part _or the.,lik di sposed around
the first eIen%%f%@ﬁ%f%ﬁgﬁbgﬁdfggfg H%Pa}égﬁ cause giq%ﬁg'leaked second

l'i quid. Furtheéa$§£dﬂﬁ%1®95%hg'QuBthﬁgiqxhh%ei%&88§%gf?ét§%fé &quJQBby

exanple, into the support section supportin rrst el emen
locally formng 4hed i;quigiiAmensi 9&‘?‘{ egQfe hBSEGARM: <41 a1t Re
()

second surface of the first el enent.
the projection optical system PL is secured. On the other
hand, when the first liquid, which is on the side of the
first surface, makes contact with the substrate, there is
such a high possibility that the side of the first surface
cf the first element may be polluted. However, the first
element can be constructed to be easily exchangeable,
because each of the side of the first surface of the first
element and the side of the second surface of the first
element is filled with the liquid. Therefore, only the
polluted first element can be exchanged with another clean
@lement. The expeosure and the measurement can be performed
satisfactorily via the liquids and the projection optical
system provided with the clean first element. The second
liquid locally forms the liguid immersion area in only the
partial area, including the area through which the exposure
light beam passes, of the second surface of the first

element. Accordingly, the second liguid can be prevented

from any leakage from the circumference cf the second



possible to avoid the deterioration of the support section. The second

| i quid makes no contact, for exanple, with the support section for
supporting the el enment, because the second liquid locally forns the |iquid
i mrersion area on the second surface. Therefore, it is possible to avoid
the inconveni ence which woul d be otherw se caused, for exanple, such that
the second liquid for formng the liquid imersion area is mxed with any
inpurity generatedafeopt thre Suppoetesenti olmrafeael i ké. iTheeefdrle, the
exposure process and the neasurenent process can be perforned
satisfactorilyavRig E@%I%?ﬁQF%ﬂ¥®§HOPh@fc@%%uﬁﬁﬁ??népaﬁhéaréeéﬁﬁH“IHd&ﬁd i's
mai nt ai ned. (00117 The first elenment, which is referred to in the present

i nventi on, naydﬁépﬁs??a%@ﬁﬁ%%ﬁ@enéﬁﬁéF ﬁﬁ?“ﬁ&dn&théfW&E%?v%eﬁH%EFWPﬁﬁr

I I1el flat t I F I
when t he ?rﬁﬁé%apéml WErtE L aiien PEORT  DGOd modbrerakel LU ther | mmge
pl ane, does no O giéthe Egﬁﬁﬁ%elgggf?forgqgqul%uggrfgrpﬁg&ﬁan t he

proj ection opt systen1at ransparent nenber 1's reéﬁrded as

the first el er@m th@ 5 rgc&tt glerept and ¢ osfetqg tﬁleegﬁpgt a@n&m are

referred to in th e pres invention, are support stantially
stationary stapg Mbé@lf@%@ﬁﬁﬁn@oth@el9@Gi&ﬁammé¥@l%n(@%BQSertﬂéQQQxP@a”) of

the projection optical = syst However, even when at | east one of

first el ementiagdidhe Sﬁf’eo@@c%haﬁgﬁt:féée MR ed rkinel ymamyvablyt is
pessible to avoid the deterioration of the support section.
The second liguid makes no contact, for example, with the
support section for supporting the element, because the
second liguid locally forms the liquid immersion area on
the second surface. Therefore, it is pcssible to aveoid the
inconvenience which would be otherwise caused, for example,
such that the second liquid for forming the liguid
immersion area i1s mixed with any impurity generated from
the support section or the like. Therefore, the exposure
process and the measurement process can be performed
satisfactorily in & state in which the cleanness of the
second liguid is maintained.
{0011] The first element, which is referred to in the
present invention, may be a transparent member having no
refractive power (for example, a parallel flat plate or
plane parallel plate). For example, even when the
transparent member, which is arranged most closely to the

image plane, does not contribute to the image formation



in order to adjust the posture and the position thereof,

it is regarded

that the elenent is "supported in the substantially stationary state".

[ 00121 According to a second aspect of the present invention, there is
provi ded an exposure apparatus (EX) which exposes a substrate (P) by

radi ati ng an exposure |ight beam (EL) onto the substrate (P) through a
liquid (LQ); the exposure apparatus conprising a projection optical
system (PL) whbeR:baga@edldi @it Yrof et MRS i(eSl s yb0ekS{) hnC) uding a
first element (LS1) closest to an image plane and a second el enent (LS2)
whi ch is secondrehosesdnt enidde LERgEyPIBNE AN ther €SPEEL el Ondhie. fimst

el ement (LS1); wherein the first elenent (LS1l) has a first surface (Tl)
whi ch i s arranfeédsopposidree taadatadr facendfe tdrensybsthrahearé Pye fnd-dchiteugh
whi ch the exposure |ight beam (EL) passes, and a second surface (T2) which
is arranged opposthe puesene iseeohdoe] ements @S2k edndnt hheugh which the
exposure light beam (EL) passes; an outer dianeter (D3) of a surface (T3)
9 of the secondiesentntalllyS2yFappposerd tloattcheviftir gesekbemeht te SPtiogl
smal l er than an outer dianmeter (D2) of the second surface (T2) of the
first el ement 1) (xRS Eer sL9BFefietit) (LS @ig@ieReicecont: € lenent (LS2)
are supported in a substantially stationary state with respect to an

pe:
optical axis {¥9°bf tHEPLEE} eBYPONINPL iTall sSyst 8RF(PL) “Pantit¥fe exposure
I ght beam ( EL%léITz r{ﬁadld%;[ ggl?ﬁ%%)?o%aee eurfl?esr}tr %.tse sgggjorg(e)d eJ?:g:Pr?esley trrboeva%%?iSt rate

(P) through a f717¥ [

in order to adjust the posture and the position thereof, it

is regarded that the element is "supported in the

substantially stationary state".

{0012} According to a second aspect of the present

invention, there is provided an exposure apparatus (EX)

which exposes a substrate (P) by radiating an exposure

light beam (EL) onto the substrate (P) through a liguid

(L.G1}; the exposure apparatus comprising a projection

cptical system {(PL) which has a plurality of elements (LSl

te LS7) including a first element (LS1) closest to an image

plane and a second element (LS2) which is second closest to

the image plane with respect to the first element (LS1);

wherein the first element (LS1) has a first surface (T1)

which is arranged opposite to a surface of the substrate

(P} and through which the exposure light beam (EL) passes,

and a second surface (T2) which is arranged opposite to the

second element (LS2) and through which the exposure light

beam (EL) passes; an outer diameter (D3) of a surface (T3)



a side of the first surface (Ti) of the first elenent (LS1) and a second
liquid (LQ2) on a side of the second surface (T2). [0013] According to the
present invention, the outer dianmeter (D3) of the opposing surface of the
second el enent opposed to the first elenment is smaller than the outer

di anmeter (D2) of the second surface of the first elenment. Accordingly, the
liquid imersion area, which has the size corresponding to the surface of

the second el eggntiecadcden fermd l0sa) | ypnddecsesend: suf facaneft the
first elenment, while covering the opposing surface with the second |iquid.

Therefore, the (secpnds |dnfilildrcanaheapr event ed dicamrany?) | eakage dacomdt he
circunference of the second surface of the first elenent. It is possible
to avoi d the detiefaos ation ofofthanyimecharencalt paust.)or thhefirke disposed
around the first elenent, which would be otherw se caused by the |eaked
second |iquid. {(F&itt herd thte isscpodsieberenty Evaild atrhesuppblboed ofn tche | qui d,
for exanple, into the support section 10 for supporting the first elenent,
by | ocal ly forgihgtatelalivggitatiareryi Dt é4 6f reRBeSBCHAdR T i HiF3dn t he
second surface of the first elenent. It is possible to avoid the
det eriorati on 8Fit he*Suort eseeri 8t ThePrldSErid SFPGERd { F bk e hdont act ,
for exanple, with the sup or% section for upporting the el enent, because
the second | i qEFCCTHCAI Y o GFRE LR |1 Uit iaTer ST6H BPEa® the LS sdEond
surface. Thergforg, 1t .3 RO33LDLE U0 AvQLd, Lhe, i pgonven! ence whiishoy,

a side of the first surface (T1l) of the first element (LS51)

and a second liquid (ILO2) on a side of the second surface

(T2).

{0013] According to the present invention, the outer

diameter (D3) of the opposing surface of the second element

opposed to the first element is smaller than the outer

diameter (D2} of the second surface of the first element.

Accordingly, the liguid immersion area, which has the size

corresponding to the surface of the second element, can be

formed locally on the second surface of the first element,

while covering the opposing surface with the second liguid.

Therefore, the second liguid can be prevented from any

leakage from the circumference of the second surface of the

first element. It is possible to avoid the deterioration

of any mechanical part or the iike disposed around the

first element, which would be otherwise caused by the

leaked second liguid. Further, it is possible to avoid the

inflow of the liquid, for example, into the support section

10



woul d be ot herwi se caused, for exanple, such that the second liquid for

formng the liquid inmersion area i s

fromthe support section or the like. Therefore, it is possible to

mai ntai n the

cl eanness of the second |iquid. Wen the exposure |ight

is radiated onto the substrate via the second liquid of the liquid
i mersion area formed locally on the second surface and the first liquid

of the liquid
substrate can

Each of the side of the first surface

I 6Res Spdy tAnRA t hkoE Med. om dntsi g abcehheyf Foshisprdace,

m xed with any inpurity generated

beam

t he

be exposed satisfactorily in the state in which the |arge
i mge side nuneigcal apentsire etetherf ptlog ecidcom optincal onsyisé emdadsecur ed.

t he second sur$ackaof oft héef ifhsttebeament i s T likedonsthl e hieo | a quidd.the

Accordi ngly,

the first el ement can be constructed to be easily

of the first elenent and the side of

exchangeabl e. dhepefvrad,iconif the peppextedodtion.el Bhensecenth Waudxdchanged

wi t h anot her

clean el enent. The exposure and the neasurenent can be

per f or med sat|§$%ﬁﬁ(ﬂqI%?“&@&tthéoile¥?mﬂﬁ%k;W&ﬁ& the prepectioirtopti dar

system provided with the cle n first el enent. 0014% The flrst el enent,
which is referf &P thE SpFBERMt ??ﬁﬁﬁﬁﬁ e REGOBE

havi ng no refﬁactlv

paral l el plate

arranged nost
formation

B &? nenber
fo | el |
S5 R anshat! Lt R ek E%%;ﬁbsgﬁaﬁ?ﬂ%ﬁb%a%% b et

fﬂé?%%d& 0;th¢s LEBYS, Pl ane.,498s N9t ; GONLTL PULE & QuliRG T mage

would be otherwise caused, for example, such that the
second liquid for forming the ligquid immersion area 1is
mixed with any impurity generated from the support section
or the like. Therefore, it 1s possible to maintain the
cleanness of the second ligquid. When the exposure light
beam is radiated onto the substrate via the second liguid
of the ligquid immersion area formed locally on the second
surface and the first liquid of the liguid immersion area
formed on the side of the first surface, the substrate can
be exposed satisfactorily in the state in which the large
image side numerical aperture of the projection optical
system is secured. Each of the side of the first surface
of the first element and the side of the second surface of
the first element is filled with the liguid. Accordingly,
the first element can be constructed to be easily
exchangeable. Therefore, only the polluted first element
can be exchanged with another c¢lean element. The exposure

and the measurement can be performed satisfactorily via the
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performance of the projection optical systemat all, the transparent
menber is regarded as the first elenent and as a part of the projection
optical system The first element and the second el enent, which are
referred to in the present invention, are supported in the substantially
stationary state with respect to the optical axis (exposure |ight beam of
the projection optical system However, even when at |east one of the

first el ement anduihe secand ebeEeniohSoSUPRAr tsd tEingk yv p@y@abliytH rher der
to adjust the posture and the position thereof, it is regarded that the

el enment is "suppesbefliisr tdiersuhstantially stationary state". [0015]
According to a third aspect of the present invention, there is provided an
exposur e appar 400341 EX) Thwhifdhrsexpbsesnt, stbstir atse Py rbydradiat ithg an
exposure |ight beam (EL) onto the substrate (P) through a first Iliquid
(LQL); the exppsasenapparatiuu®nconpri 8e ng ararprejrecti opnbet i leatisystem (PL)
which includes a plurality 12 of elenents (LS1 to LS7) and which has a
first el ement r¢fSigtilogmstert dfan pragel ol aneagnd lalsétohdredtement (LS2)
which is second closest to the image plane with respect to the first

el ement (LS1); PAREE aPFigSte ] P&GFG)Pnné%%i%ﬁ?m9%93h&ﬁ?§nWb?%rt%&anple, 11)

whi ch supplies the first liquid (LQL); wherein the first elenentt%§81) has
a first surfackr{IR3TSiHi CIRP& ar FAnGed- Opfdaineedt Boa st Paely df t

substrate (P) ?Qggérgf§%¥1\Mye%hnggecg§ggﬁgﬁ%zEBQQEngggée formation

performance of the projection optical system at all, the
transparent member is regarded as the first element and as
a part of the projection optical system. The first element
and the second element, which are referred to in the
present invention, are supported in the substantially
stationary state with respect to the optical axis (exposure
light beam) of the projection optical system. However,
even when at least one of the first element and the second
element is supported finely movably in order fto adjust the
posture and the position therecof, it is regarded that the
element is "supported in the substantially stationary
state".

[0015] According to a third aspect of the present
inventicn, there 1s provided an exposure apparatus (EX)
which exposes a substrate (P) by radiating an exposure
light beam {EL) onto the substrate {(P) through a first
ligquid (LQ1); the exposure apparatus comprising a

projection optical system (PL) which includes a plurality

12



(EL) passes, and a second surface (T2) which is arranged opposite to the
second el enent (LS2) and which is substantially in parallel to the first
surface (T1l); an outer dianeter (D2) of the second surface (T2) of the
first elenment (LS1) is greater than an outer dianmeter (Dl1) of the first
surface (Ti) of the first elenent (LS1l); and the exposure |ight beam (EL)
is radiated onto the substrate (P) to expose the substrate (P) through the
first liquid (b@l}1ehatmeansthecf LESE @ienenicH LSL) sandrthe-sdihsig ate (P).
[ 0016] According to the present invention, the outer dianeter of the
second surface(bfll helddeasst tel enehbhags plgrreatserd thaacbhe eldmwntdi@mseter of
the first surface. Accordingly, when the first elenent is supported by a
support secti ovihithel suppontd séeteon, tahiteh izagpoptisnthel th i retpeaitenent ,
can be provided at a position (end portion of the second surface) away
fromthe optichle akdzofelehentf (pSL) elambrit LiTher éfored imremsisessible to
avoid the interference between the support section and any nenber or 13
equi pment or tREFIIKS™(ERRgEY2EP otind! the'lHichs B ePeiBht the ahrgt liiguid
possible to inpgove.the de%ree of ., freedom of the_ _design and the de%ree of
freedom of the dttang@fEft of "¢ he! “ et theleqifprentiioit (e tPrRe.
Further, it is{ osg{%%e.to decreqﬁe the.§j23 of the quuig i mrer si on area
formed between'the Fi7Et SuffARRIRACHHE L Godfr at 8UBJ° the®t £it5st 1 qui d

| Y S1 0N MeCNAM M2 :ReGBYSEnhiNe AL il AMRLE" 900 L0F g gdtace of
{EL) passes, and a second surface (T2) which is arranged
oppesite to the second element (LS2) and which is
substantially in parallel to the first surface (Tl); an
outer diameter (DZ) of the second surface (T2} of the first
element (LS1) is greater than an outer diameter {(D1) of the
first surface (T1} of the first element (LS1l); and the
exposure light beam (EL) is radiated onto the substrate (P)
Lo expose the substrate (P) through the first liguid (LQIL)
between the first element (LS1) and the substrate (P).
f0016] According to the present invention, the outer
diameter of the second surface of the first element is
greater than the outer diameter of the first surface.
Accordingly, when the first element is supported by a
support section, the support section, which supports the
first element, can be provided at a position {end portion
of the second surface) away from the optical axis of the
first element. Therefore, it is possible to avoid the

interference between the support section and any member or

13



sufficiently smaller than that of the second surface. [0017] The first

el enment, which is referred to in the present invention, may be a
transparent nenber having no refractive power (for exanple, a parallel
flat plate or plane parallel plate). For exanple, even when the
transparent menber, which is arranged nost closely to the inmage plane,
does not contribute to the inmage formati on performance of the projection
optical systemeafuiphknttbe tid ansparentnieabercirsd regardedtasléhend,ir st

el enent and as a part of the projection optical system [0018] According
to a fourth aspect iof itheogpsesienteo iinpenteothe tdweymeed Sproveded ah wwposure
apparatus (EX) which exposes a substrate (P) by radiating an exposure

| i ght beam (EL)Xesnto theé substiamtee CR) frhedoughofa fhe strrahigquedt (€Q1Hhe t he
exposure apparatus conprising a first [liquid inmmersion mechanism (for
exanpl e, 11) whicghepr ovi dled eqHEMENtsPr| thei Bl ont o idhetbstFat®; and a
projection optical_ system (PL) which has a plurality of elenents (LS1 14
to LS7) includPRgsaPtfrst demse GE81P1E?0%£§F“%diéwlﬁné@@er®+%%é“§ﬁﬁ a
second el enment (LS2) which is secqnd closest to the i e plane with
Cespect to the SEREY BPHAEH HESTLIC tAGr BRI (1 TiEsC B EREhe 1 HE i s

arranged so th t.a fgistidsurf%pe Tié gf the first elg nt %sropposed to a
rate Cﬁ?@ and"ase %%hmgu#F§€@S€T ggoPu fie first

surface of thé subs

T o PP FRETIEE AP h i 0,31 0, et veer
sufficiently smaller than that of the second surface.
[0017] The first element, which is referred to in the
present invention, may be a transparent member having no
refractive power (for example, a parallel flat plate or
plane paralliel plate). For example, even when the
transparent member, which is arranged most closely to the
image plane, does not contribute to the image formation
performance of the projection optical system at all, the
transparent member is regarded as the first element and as
a part of the projection optical system.
[0018] According to a fourth aspect of the present
invention, there is provided an exposure apparatus (EX)
which exposes a substrate (P) by radiating an exposure
light beam (EL) onto the substrate (P} through a first
liguid (LQ1l); the exposure apparatus comprising a first
liguid immersion mechanism (for example, 11) which provides
the first liquid onto the substrate; and a projection

optical system (PL) which has a plurality of elements {(L51
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surface (T2) of the first element (LS1) on an optical axis (AX) of the
projection optical system (PL) is not less than 15 nm and the exposure
light beam (EL) is radiated onto the substrate (P) to expose the substrate
(P) through the first liquid (LQL) on a side of the first surface (Ti) of
the first element (LS1). [0019] According to the present invention, the

di stance between the first surface and the second surface of the first

el ement, i.e., tbhesthiicknessnaf at berft rstedramentli sc1ootst ess drhamads mm
and thus the first elenment is thick. Therefore, the degree of freedom of

t he position iplaismcarehsedefcondt htemembetLnd whhehedsi poemid orldshetl tke
arranged around the first elenent. Accordingly, it is possible to avoid

t he interferentke bstagerliehe gupportspeecticonhandithe ekemert oflsdqui pment
or the like arranged around the first element. As a result, it is possible
to inprove the gejjredhst ffiresdehrdent hddesiign astantied neprbdiat or fifet

equi pnent or the |ike. Accordingly, the support 15 section, which supports
the first el en@mtiaEn e BFOQPﬁeélr%ﬁ 2L g553itt iL6nCBRRTC T rlotn @ He TgpcEcal
axis of the first _elenent. In rticular, it is noted that the size of the
l'i quid innersi%i{ﬁFéfqgﬁtfﬁéefﬁggt iUt FeEarhEd ﬁ?%aé@% ‘H€t¥ﬁbroving
the degree of freedaom of the design d the _arrangenent of t liquid

i mrer si on nech%HF%hlq%FE %rﬁ?napp% %glfﬁﬁ¥ﬁ FﬁﬁSPgi%ggglgé gfﬂﬁheafirst

liquid. Furtheg; . Ihe seqond Ll au dimye e supplled aksp 1,0, the $R3GE,

bet ween
surface (T2) of the first element (LS51) on an optical axis

(A¥X) of the projection optical system (PL) is not less than
15 mm; and the expcsure light beam (EL) is radiated onto
the substrate (P) to expose the substrate (P} through the
first liguid (LQ1l) on & side of the first surface (T1l} of
the first element {LS1).

[0019] According to the present invention, the distance
between the first surface and the second surface of the
first element, i.e., the thickness of the first element is
not less than 15 mm, and thus the first element is thick.
Therefore, the degree of freedom of the position is
increased for the member and the equipment or the like
arranged around the first element. Accordingly, it is
possible to avoid the interference between the support
section and the member or equipment or the like arranged
around the first element. As a result, it is possible to
improve the degree of freedom of the design of the member

or the equipment or the like. Accordingly, the support
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the first elenent and the second elenment without being limted to the
first liquid supplied to the space between the first elenent and the
substrate. Wien the exposure light beamis radiated onto the substrate
through the first Iliquid and the second liquid, the substrate can be
exposed satisfactorily in the state in which the |arge imge side

nuneri cal aperture of the projection optical systemis secured. The first
el ement can beseenstnucireidi cubeceasi tye £xcitargeabhe, becavsewadhiedf the
side of the first surface of the first elenent and the side of the second
surface of thetféarsts&ienentvays firbhl ede witth. ddie akiiqupd. tThefefdgre, only
the polluted first el enment can be exchanged with another clean el enent.
The exposure amderdet npasumemsntulean be perfdmdedhsat P asior 4y Wica t he
liquid and the projection optical systemprovided with the clean first

el ement. When thEUH{ e semEneriPd Abt thessl tHan ie5ifmfanthe QEifgecsf t he
shape of the first elenent, which would be otherw se caused b%/%t he force

recei ved from PReFR¥RI Y 1dec4RIBRS stppreradsd cFhéPer 978! 9% t21% Péssi bl e
to mintain the high i e formation, performance of the projectian

opt | cal ayat enf s FOBITI ThE T 1P6 L LFONRAETI IR, (S SPRPLTF ok} o1 tHe
present i nvention. | /iy, be g Lransparent, femer. hayi ng no, refragtd,ve power
(for exanple, a paraci{ e at pPate or ~plane paral eff pcflat:%. or 'exanpl e,

even when the Lyansparnent ;nRIReL,. ,WoL chy,d:$ 4 an98d e Aoshe CLos&l Yodedickhe
the first element and the second element without being
limited to the first liguid supplied tc the space between
the first element and the substrate. When the exposure
light beam is radiated onto the substrate through the first
liguid and the second liguid, the substrate can be exposed
satisfactorily in the state in which the large image side
numerical aperture of the projection optical system is
secured. The first element can be constructed to be easily
exchangeable, bscause each of the side of the first surface
of the first element and the side of the second surface of
the first element is filled with the ligquid. Therefore,
only the polluted first element can bhe exchanged with
another ciean element. The exposure and the measurement
can be performed satisfactorily via the liquid and the
projection optical system provided with the clean first
element. When the first element is not less than 15 mm,
the change of the shape of the first element, which would

be otherwise caused by the force received from the liquid,
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i mage pl ane, does not contribute to the image formati on performance of the
projection optical systemat all, the transparent nenber is regarded as
the first elenment and as a part of the projection optical system [0021]
According to a fifth aspect of the present invention, there is provided an
exposure apparatus (EX) which exposes a substrate by radiating an exposure
light beam (EL) onto the substrate (P) through a first liquid (LQl); the
exposur e appar attsh€omireissgda frhetetfd gy d o iiBNMPESE 0B &recham isma(for
exanple, 11) which provides the first liquid (LQL) onto the substrate (P);
and a projectibme lopth dalageystens ( P) whi ohrrhaseaopl thal piyjeftielnenent s
including a first elenment (LS1l) closest to an i mage plane and a second

el ement (LS1) ebichel syséeond cl osest to the inmage plane with respect to
the first elenment; wherein the first elenment has a first surface (T1)
which is arrang@Oloppodircefiosh sietere ofricheisubsteared aml itrhrtdéggh whi ch
the exposure |ight beam passes, and a second surface (T2) 17 which is
arranged opposPI®sard tigesséond Bienenta drdnsphrenghnsbeh tdwe raxpesur e

| i ght beam passes; a distance between the first surface (Ti) and the
second surfacer{HEACLIGE PRESE| f 5¢7 b ethte 0f 8AT8pletaf lalkislqtaXProf t he
projection optical systemis greater than a distance between the first

surface (Ti) ofidte FRiredtedl Bheht) and théxitfacvsl Y dilfstrate (P) on

the opti cal axi 5, (49, ot .LhE.P! O}EL] 4 9RLLeabousiem, & £ he expostre

image plane, does not contribute te the image formation
performance of the projection optical system at all, the
transparent member i1s regarded as the first element and as
a part of the projection optical system.

[0021] According to a fifth aspect of the present
inventicn, there is provided an exposure apparatus (EX)
which exposes a substrate by radiating an exposure light
beam (EL) onto the substrate (P) through a first liguid
(LQl); the exposure apparatus comprising a first liguid
immersion mechanism {for example, 11) which provides the
first liguid (LQ1) onto the substrate (P); and a projection
optical system (PL} which has a plurality of elements
including a first element (LS1) closest to an image plane
and a second element (LS1l) which is second closest to the
image plane with respect tc the first element; wherein the
first element has a first surface (T1) which is arranged
opposite to a surface of the substrate and through which

the exposure light beam passes, and a second surface (T2)
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is radiated onto the substrate to expose the substrate through the first
liquid (LQL) between the substrate (P) and the first elenent (LS1) and a
second liquid (LQ2) between the second elenent (LS2) and the first el enent
(LS1). [0022] According to the present invention, the substrate can be
exposed satisfactorily in a state in which the large inmage side nunerica
aperture of the projection optical systemis secured, by radiating the
exposure |ight vheam ionrdrhedsubpbeate thrioughdddiadf kEsheht gaidd and t he
second liquid. The first elenment is thick, and thus the support section,
whi ch support sthheufh rgtiadd emenexzpoanrbel priovitdech patsasposidiommeway from
the optical axis. The degree of freedomis increased, for exanple, for the
arrangenent of betheemererfiand thefeqai phientarar rargedcandumer fdvwee fiTEgt
element. Further, it is possible to suppress the change of the shape of
the first el enehtthanteretvsdicdepé ether wiselcdadséd B§*t hef fiotte recei ved
fromthe liquid. Therefore, 18 it is possible to maintain, the high inage

formation perPoPHRACEOICRHE 2pr 8 BERT oh® SS9 $)&Petn 41 D9PH]e Accor di ng
to a sixth aspggt of the %res%ng inven{%Pn,j;h re IS grovédedwan exposure
appar at us (EX) Eﬁ?%%'gﬁb &2 UabRTT at' e (B 5@ réﬂFﬁ |%brﬁﬁ“efﬁﬁgﬁ &
o0t e (L PR ST B D RS, L (L ehe
exanpl e, 11) “@ﬁg*bﬁ%f@ég%%ﬁ optical system; and the exposure light beamn

is radiated onto the substrate to expose the substrate

through the first liquid (LQl) between the substrate (P)

and the first element (LSl) and a second liquid (LQZ)

between the second element (LS2} and the first element

{Ls1).

[0022} According to the present invention, the substrate

can be exposed satisfactorily in a state in which the large

image side numerical aperture of the projection optical

system is secured, by radiating the exposure light beam

onto the substrate through the first ligquid and the second

iiquid. The first element is thick, and thus the support

section, which supperts the first element, can be provided

at a position away from the optical axis. The degree of

freedom is increased, for example, for the arrangement of

the member and the equipment arranged around the first

element. Further, it is possible to suppress the change of

the shape of the first element, which would be otherwise

caused by the force received from the liguid. Therefore,
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the first liquid (LQL) onto the substrate (P) to forma |liquid inmersion

area (LR1) of the f
proj ection optical

irst liquid (LQL) on a part of the substrate (P); and a
system (PL) which has a plurality of elenments including

a first elenment (LS1) closest to an imge plane and a second el enent
(LS2) which is second closest to the inage plane wth respect to the first
el enment; wherein the first elenent has a first surface (Tl) which is

arranged oppositeis

t 100 &5 ird ace mafint hen stibstiriathe iandet hooughiavhi ch t he

exposure |ight beam passes, and a second surface (T2) which is arranged
opposite to theesécomhel enfertheapdot Arough cpwhicell shetexposure |ight beam

passes; the first |

iquid imrersion nmechanismhas a flat |iquid contact

surface (72D) [@R28h i s Paravanged dppasiixtit asdeetself abe pfetdiet substrat e,

the Iiquid contact

surface being arranged to surround an optical path for

t he exposure | ightnbeam bédeween st heovsdbdtamatexrandrehepbirstusuiidce of the

first elenent; and

the exposure light beamis radiated onto the substrate

to 19 expose tlhBigupstroses ehesaghrehe fir &v [Hagapdipecy wweem? t he

substrate and the f
second el enent -yt
i nvention, the.subs
the large imgedsi
i s secured, by radl
t hr ough the flrs? 1

irst elenent and the second liquid (LQ2) between the

e | By ep&rekpe STWZQﬂteAd@é)r abﬁ@u% Et‘hfe“iﬁ'tesent

% ﬁ be exposed satlsfactorll in a :%ate in which
Iﬁﬁﬁe &l “&pe Tfﬁeﬁ&ﬁaﬁﬂﬁﬁspF8PBE 7 ohe optica®t system

cfah x%qgnfﬁggggggﬁ%lgﬂu‘examplont91EQ%1 %P%&&%&

the first liquid (LQ1l) onto the substrate (P} to form a

liqui
part

(PL)

eleme
eleme
with

eleme
te a

exXpos
is ar
which
immer
which
the 1
optic

subst

d immersion area (LR1l) of the first liquid (LQl) on a
of the substrate (P); and a projection optical system
which has a plurality of elements including a first
nt (L31) closest to an image plane and a second
nt (L3Z2) which is second closest to the image plane
respect to the first element; wherein the first
nt has a first surface (T1l) which is arranged opposite
surface of the substrate and through which the
ure light beam passes, and a second surface (TZ) which
ranged opposite to the second element and through
the exposure light beam passes; the first liguid
sion mechanism has a flat liquid contact surface (72D)
is arranged opposite to the surface of the substrate,
iquid contact surface being arranged to surrcund an
al path for the exposure light beam between the

rate and the first surface of the first element; and

the exposure light beam is radiated onto the substrate to
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liquid. The flat liquid contact surface is arranged opposite to the
surface of the substrate around the optical path for the exposure |ight
beam between the first elenment and the substrate. Therefore, it is
possible to continuously fill the optical path between the first el enent
and the substrate with the first liquid. [0025] According to a seventh
aspect of the present invention, there is provided an exposure nethod for
exposi ng a subskpate byeradadidatg aRrexpesthie fight 1beam onpD) theween
substrate (P) via a liquid (LQL) and a projection optical system (PL)
including a finrse ehkeserndtd lSL) toleosestt &Leraamti nage tpkanecand Bigecbond

el ement (LS2) which is second closest to the image plane with respect to
the first eleréft] wbhereim tad isesonduetament Bi)d dhet herbirstemdrenent ,
which is opposed to the substrate, is snmaller than a second surface (T2)
of the first ell@RBAl whiktrdrsliggpésedheorrheenisecordtébenehits atestaradar f ace
(T3) of the second elenent, which is opposed to the first elenent, is

smal | er than tﬁénzbes%%mﬁﬁcwrarta@éa(:wpbf tthe fitege éhewphtl e @@G@sure
met hod conprising providing a first liquid (LQL) to a space between the
substrate (P) aRddthelds rstneglicrenerersiye Ofpr dirRgeatser okt 153ui d (LQR)
to a space between the first elenment (LS1l) and the second, el enent (LS2);

and exposing Fﬁétg%b%?r%ﬁQ¥q%?'rQ§|5??h@t e 6ERPEUFE ght Ibedfi?®nt o t he

SubStLate I OUIDE I (AL AU B LU AR 196N S SR
liguid. The flat liquid contact surface is arranged
opposite to the surface of the substrate around the coptical
path for the exposure light beam, between the first element
and the substrate. Therefore, it is possipble to
continuousiy £ill the optical path between the first
element and the substrate with the first liguid.
[0025] According to a seventh aspect of the present
invention, there is provided an expesure method for
exposing a substrate by radiating an exposure light beam
onto the substrate (P} via a liguid (LQl) and a projection
optical system (PL) including a first element (LS1l) closest
tc an image plane and a second element (LS2Z} which is
second closest to the image plane with respect to the first
element; wherein & first surface {(T1) of the first element,
which 1s opposed tc the substrate, is smaller than a second
surface (T2} of the first element which is opposed to the
second element; and a surface (T3) of the secend element,

which is opposed to the first element, is smaller than the
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t he present invention, the space between the first elenment and the second
el ement can be reliably filled with the second liquid. The exposure |ight
beamis radiated onto the substrate through the first liquid and the

second liquid, and thus the substrate can be satisfactorily exposed in a
state in which the large image side nunerical aperture of the projection
optical systemis secured. [0026] According to still another aspect of the

present invenkkoondtherfndes (provbdedha fetdod1kaknpr oduei agoesudevi ce,
conprising using the exposure apparatus or the exposure nethod descri bed
above. Accordi ngthod tdrenpriesent pronventd on, fiitst Siposgi bL@lr oto a space
satisfactorily maintain the exposure accuracy and the neasurenent

accuracy. Therkebresn tilte issibgdssibl éPt oapt cthecdirhe dévicert haWd g t he
desired performance. BRI EF DESCRI PTION OF THE DRAWNGS [0027] 21 Fig. 1
shows a schenaPF%Vh?FﬁhQEWEﬁPnﬂlﬂa§ﬁrﬁtﬂﬁ§faﬁo éxpesarelapparatidy according
to an enbodi ment of the present invention. Fig. 2 shows a schematic

per spective V|E%F?WI%§¥%%F|ﬁé51ﬂh6§%eEP%ﬁ%%éH“%ﬁlﬁﬁén9|é¥%?ky€HFia nozzl e

menber. Fi 3 shows a perspective V|em1| lustrating the y4 nber as
T oud 100 a FoMersndi SRESEFEEe ML M At s "eOetP SHATS Lt ran

ITustrating tho‘goe thdel Ss% 2 raite %Qreot\llélgltr}) tyflrst Q(J?qugéz'(fQ{r)enabneJ ‘the
second liquid (LQ2}. According to the exposure method of
the present invention, the space between the first element
and the sscond element can be reliably filled with the
second liquid., The exposure light beam is radiated onto
the substrate through the first liguid and the second
liguid, and thus the substrate can be satisfactorily
exposed in a state in which the large image side numerical
aperture of the projecticn optical system is secured.
{0026} According to still another aspect of the present
invention, there is provided a method for producing a
device, comprising using the exposure apparatus or the
expoesure method described above. According to the present
invention, it is possible to satisfactorily maintain the
exposure accuracy and the measurement accuracy. Therefore,
it is possible te produce the device having the desired

performance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027]
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Figs. 5(a) and 5(b) illustrate a second liquid imrersion nmechanism Fig. 6
shows a plan view illustrating a second surface of a first elenent. Fig. 7
illustrates the operation for recovering the second |liquid by the second
liquid imersion mechanism Figs. 8(a) and 8(b) schematically illustrate
the operation for recovering the liquid by a first liquid inmersion
mechani sm according to the present invention. Figs. 9(a) and 9(b)
schematical |y show aigonpastadisve exaspkeiofathehpepenat ionutoratacpwar i ng
the liquid. Fig. 10 schematically shows a nodified enbodi nent of a first

el ement. Fig. :®kpshows apperspecticverdisw tdlastanaidigeat obdilie ed

enbodi nent of the nozzle nenber as viewed froma |ower position. Fig. 12
shows a secti omaksehewipvémusitamati ng major 22 parts to depict another
enbodi nent of the present invention. Fig. 13 shows a sectional view
illustrating major Fparts owdepi erhanot herPLMrsditiant VHEWt hel pilesdnt:g
invention. Fig. 14 shows a sectional viewillustrating nmajor parts to
depi ct anot her “BRBBATHERRSGE théDEr Bd8ARILY et PG¥ 21 Ei B2M4% shows a 1 ow

chart illustratin enpl ar, .
9 g%gf“% s&éws a perspective view illustrating the

nezzle member as viewed from a lower position.

Fig. 4 shows a side sectional view illustrating those
disposed in the vicinity of the nozzle member.

Figs. 5(a) and 5(b) illustrate a second liguid
immersion mechanism.

Fig. 6 shows a plan view illustrating a secocond surface
of a first element.

Fig. 7 illiustrates the operation for recovering the
second liguid by the second liquid immersion mechanism.

Figs. 8{a) and 8({(b) schematically illustrate the
operation for recovering the liquid by a first liguid
immersion mechanism according to the present invention.

Figs. %{a) and 9(b) schematically show a comparative
example of the operation for recovering the liguid.

Fig. 10 schematically shows a modified embodiment cf a
first element.

Fig. 11 shows a perspective view illustrating a
modified embodiment of the nozzle member as viewed from a
lower position.

Fig. 12 shows a sectional view illustrating major
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steps of producing a sem conductor device. Fig. 16 illustrates the

operation for recovering the liquid by a first liquid recovery nechani sm
in another enbodi nent of the present invention. Legend for Reference
Nuneral s: [0028] 1: first liquid imrersion nmechanism 2: second liquid

i mmer si on mechanism 10: first liquid supply nechanism 12: first supply
port, 20: first liquid recovery mnmechanism 22: first recovery port, 25:

porous menber, p2bts idcldpied suetree, edidisecond l gyl drssppl y mechani sm
32: second supply port, 40: second liquid recovery nechanism 42: second
recovery port, igddyeizdD: bottom plate portion (plate-shaped nenber), 74:
opening, 75: land surface (flat portion), 76: wall portion, 91: first
support section, 9ZFig.sdcomstiosappostcisentdlovieARilprofeetion reriea;, AR :
predeterm ned area, AX optical axis, EL: exposure |ight 23 beam EX
exposur e appar@tilss HREerficksenarear #pdigeedndf spheapre@ntfirst |iquid,
LQ: second liquid, LR1: first liquid inmrersion area, LR2: second liquid
i mrer si on area?nvqﬁ§ﬁqmo LS7: optical elenent (element), LS1: first optical
el enment (first elenment), LS2: second optical elenment (second el enent), P:

substrate, PK: barréﬂ'(édpﬁBPWs ?mﬁﬁﬁﬁBOHQ§LVlﬁWoﬁé%F?EﬁP?ﬁﬂq(ﬂﬁ39§ysten1 Ti:
| ower surface %&éﬁﬁ%téérfgge%ﬁ é&@%% surfac second surface) T3:
| ower surface.? PE RV Heet drFesent
invention.
Fig. 15 shows a flow chart illustrating exemplary
steps of producing a semiconductor device.
Fig. 16 illustrates the operation for recovering the
liguid by a first liguid recovery mechanism in another

embodiment of the present invention.

Legend for Reference Numerals:

[0028] 1: first liquid immersion mechanism, 2: second
liguid immersion mechanism, 10: first liquid supply
mechanism, 12: first supply port, 20: first liguid recovery
mechanism, 22: first recovery port, 25: porous member, 26;
inclined surface, 30: second liquid supply mechanism, 32:
second supply port, 40: second ligquid recovery mechanism,
42: second recovery port, 71D, 72D: bottom plate portion
(plate-shaped member), 74: opening, 75: land surface (flat
portion), 76: wall portion, 9%1: first support section, 92:
second support section, AR: projection area, AR':

predetermined area, AX: optical axis, EL: exposure light
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[ 0029] The present invention will be explained below wth reference to the
drawi ngs. However, the present invention is not |[imted thereto. [0030]
Fig. 1 shows a schematic arrangenent illustrating an exposure apparatus
according to an enbodi ment of the present invention. Wth reference to
Fig. 1, the exposure apparatus EX includes a nmask stage MST which is
novable while holding a mask M a substrate stage PST which is novable
whi | e hol di ng @esubstxatexfysar abburknat] o1 optircal asyst enrd L iy
illumnates, with an exposure |light beamEL, the mask M held by the mask
stage MST, a prepeclbn Hiptdtcdliqaysl empPL il penbedpsiihe projecti on
exposure for the substrate P held by the substrate stage PST with an i mge
of a pattern oflihednuwkeMidd wrienat 882 24savars tlHeuexkposuees i dghirdseam EL,
and a control unit CONT which integrally controls the operation of the
entire exposut€lappabat usrXcaloedtheThe @kpogiire afpar 4t ust Betofcalhe
enbodi nrent of the present invention is a liquid imrersion exposure

appar atus to whirERethe FiGi ¢ LeRfBFST ohShet HSPTcs CRPPFR €de L¢P der t hat

t he exposure mqvelen this substantiall%% shaortened to inprove the
resol ution and 'ERECWRPIHFBT Foclhs SPESsidStantt'alPry &l déReP Fhe exposure

apparatus EX jncludes a first liquid inmersion nechanism1 which fills,
Wi th the first"FIger e Lor, FRe°S5A08 BRthicen THE"Qubdt f at &P B %9 ower

surface T1 of ?fiiééts&¥§£ééﬁ, %5?nggﬁe%sgurface (second surface), T3:

lower surface.

BEST MODE FCR CARRYING OUT THE INVENTION

[0029] The present invention will e explained below
with reference to the drawings. However, the present
invention is nect limited thersto.

[C030] Fig. 1 shows a schematic arrangement illustrating
an exposure apparatus according tc an embodiment of the
present invention. With reference to Fig. 1, the exposure
apparatus EX includes a mask stage MST which is movable
while holding a mask M, a substrate stage PST which is
movable while holding a substrate P, an illumination
optical system IL which illuminates, with an exposure light
beam EL, the mask M held by the mask stage MST, a
projection optical system PL which performs the projectiocn
exposure for the substrate P held by the substrate stage

PST with an image of a pattern of the mask M illuminated
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closest to the inmage plane of the projection optical system PL, anong a
plurality of optical elenments LS1 to LS7 for constructing the projection
optical system PL. The substrate P is provided on the side of the inmage
pl ane of the projection optical systemPL. The |lower surface Tl of the
first optical elenent LS1 is arranged opposite to the surface of the
substrate P. The first liquid imersion nechanism 1l includes a first
liquid supply wethartism:p@sunhi thosupptareEit,hentli pstohigol d:di@l dOOTt he
space between the substrate P and the |ower surface Tl of the first
optical el emenvhish irdrediralfivr stntigld dhreceeeryimechintisim e20iwhi ch
recovers the first liquid LQL supplied by the first liquid supply
mechani sm 10. FheCYPer aFirgmasfsthe. first liquid i mersion mechanism1 is
controlled by the 25 control unit CONT. [0032] The exposure apparatus EX
i ncl udes a secb®@PLY i quitdei RITBPEFHR HRICHATVSMEX @A ERS f TR I th ofhe
second liquid LQ, the space between the first optical elenent LS1 and
the second opt FRaIPEISHENL PSRt IR ch® i3 Y ifetfne EF HRRsEXRG Hfe | mage

pl ane of the projection opg%cal system PL with respect to the first

optical el ement? %%ﬁtufhéo ¢ohdt %t%%ﬁﬂideP@WEﬁFlE%Zm?Eh%ﬁr%ﬁuﬁﬁ?ld€§r

(bove) the T11shpatisal ehenelohal Jhabballe sseandoptial

L:;i;n?ptgga!S§ﬁ§¥%§%§g§§%'i Bgoygpgﬁe 5%%33%%%0E2a85 Eﬁg ééﬂéﬁ S%p%%%%g
is substantially widened. The exposure apparatus EX
includes a first ligquid immersion mechanism 1 which fills,
with the first ligquid LQ1, the space between the substrate
P and a lower surface Tl of a first optical element LS1
closest toc the image plane of the projection optical system
PL, among & plurality of optical elements LSl to LS7 for
constructing the projection optical system PL. The
substrate P is provided on the side of the image plane of
the projection optical system PL. The lower surface T1 of
the first optical element LS1 is arranged oppoesite to the
surface of the substrate P. The first liquid immersion
mechanism 1 includes a first liquid supply mechanism 10
which supplies the first liquid LQ1 to the space beltween
the substrate P and the lower surface T1 of the first
optical element L31, and a first liguid recocovery mechanism
20 which recovers the first liquid LQ1 supplied by the

first liquid supply mechanism 10. The cperation of the

first liguid immersion mechanism 1 is controlled by the
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opposite to the | ower surface T3 of the second optical elenent LS2. The
second liquid imrersion nmechanism2 includes a second |iquid supply
mechani sm 30 which supplies the second liquid LQ to the space between the
first optical element LS1 and the second optical element LS2, and a
second liquid recovery nechani sm 40 which recovers the second liquid LQ2
supplied by the second liquid supply nechanism 30. The operation of the
second liquid icomersi omimeEshEni sm2 is controlled by the control unit
CONT. [0033] In this enbodinment, the first optical element LS1 is a
paral l el flat glP&Bel havity reposhiractprer povertd ingdgheswhi edhcetie exposur e
light beam EL is transm ssive. The |ower surface Tl and the upper surface
T2 of the firstigopdi catew igmemechsiiane? sdbstrarftiildbl ywihh peraldedondo each
26 other. The image formation characteristics including, for exanple, the
aberration areld@tidii ¥ n Predereentabdecalitenwdbite tr aagesa § or Lt LS1
projection optical systemPL including the first optical elenent LS1.
[0034] In th|saéﬁbE%ﬁrﬁﬁﬁonqI%?téﬁaéee%?m?%q]§%eé@¥c 115 hEE St he flrst

optical element LSl and the substrate P t he space (second space)
between the fiF$PSopticalt %er&neht P %&edﬁg‘i P?&é&ﬁBlS%t?%%ﬁC éﬁ?ﬁFmLsz

are spaces Fﬁh ar.e inde %ngenghfrgn}each at h The goggfol n|t CONT

can i ndependen ywh%ﬁf%ﬁs “re “Suppfy operéﬁﬁﬁﬁﬁan Jehen recovery “operation

for the first E %é?&é@ﬂ”%zeﬁéRgcisﬁ 1s Jy%a g%ﬁto§89C?aﬁgv@W %Qﬁ first

l'iquid inmrersion nech
first optical element LS1. That is, the second optical

element LS2 is arranged on the side of the light-incident
surface of the first optical element LS1. The upper
surface T2 of the first optical element LS1 is arranged
opposite to the lower surface T3 of the second optical
element L3S2. The second liquid immersion mechanism 2
includes a second liquid supply mechanism 30 which supplies
the second liguid LQ2 to the space between the first
optical element LS1 and the second optical element L32, and
a second liquid recovery mechanism 40 which recovers the
second liguid LQ2 supplied by the second liquid supply
mechanism 30, The operation of the second liquid immersion
mechanism 2 is controlled by the control unit CONT.

{0033] In this embodiment, the first optical element LS31
is a parallel flat plate having no refractive power through
which the exposure light beam EL is transmissive. The
lower surface T1 and the upper surface T2 of the first

optical element L3l are substantially in parallel to each
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1 and the supply operation and the recovery operation for the second
liquid LQ2 wth respect to the second space K2 by the second |iquid

i mrersi on mechanism2. The liquid (LQ, LQ@) neither cones in nor goes out
fromone to the other of the first space K1 and the second space K2.

[ 0035] The exposure apparatus EX is operated as follows at |east during
the period in which the image of the pattern of the nmask Mis projected
onto t he substpaberP. ThEhdimaics, fbheaspacecietameenithéchi istl optrigalicel enent
LS1 and the substrate P arranged on the inage plane side thereof is
filled with thexfnpst, |tGhquisdbe@ithynusi agsatherithiipspriedgéedoimarer si on
mechanism1l to formthe first liquid imersion area LRl, and the space

bet ween the fif&towpticdznvsepeeat RSP EETHEsep6AB2dpEY ™ dllement LS2

is filled 27 with the second |iquid LQ by using the second |iquid
i mer si on mechahfEi2' % $ Pl EheCBBEDHY T4H ¢ itersion area LR2. In

t hi s enbodi nen e exposure apparatus EX adopts the local liquid
i mer si on systLﬂ?%ﬂbreiﬁntﬁglﬁig@?og#T%ﬁﬁwiqqﬁﬂ§P§F8n<5%E%ﬁL$@fc ich is

greater than the rojection area AR and which_is smaller than the

substrate P, ?%tfééﬁyq for fred°Bh* @ har =61t frd L sBBSt Fat &85 tid Spart

oL uding the Biel ot L9081 S2.AR AT LD pUpl acblon Okl OBl Stem L I

s on o KR e gL AR A ol B4 reay
which are independent from each other. The control unit
CONT can independently perform the supply operation and the
recovery operation for the first liquid LQI with respect to
the first space Kl by the first liquid immersion mechanism
1 and the supply operation and the recovery operation for
the second iiquid LQO2 with respect to the second space K2
by the second liguid immersion mechanism 2. The liguid
(L1, LQ2) neither comes in nor goes out from one to the
other of the first space Kl and the second space K2.
[0035] The exposure apparatus EX i1s operated as follows
at least during the period in which the image of the
pattern of the mask M is projected conto the substrate P.
That is, the space between the first optical element LSI1
and the substrate P arranged on the image plane side
thereof is filled with the first liguid LQ1 by using the
first liguid immersicn mechanism 1 to form the first liguid

immersion area LR1, and the space between the first optical

element LS1 and the second optical element LS2 is filled
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el ement LS1 through which the exposure |ight beam EL passes. The exposure
apparatus EX perforns the projection exposure for the substrate P with the
pattern of the mask M such that the exposure |ight beam EL, which has
passed through the mask M is radiated onto the substrate P via the
projection optical systemPL, the second liquid LQ2 in the second liquid

i mersion area LR2, and the first liquid LQL in the first liquid inmersion
area LR1. [0036]itA hbgz$ecarehbdryui@, LeAI ch wililg béedescrifediquid det ai |

| ater on, is arranged in the vicinity of the imge plane of the projection
optical systemiPrerspeeimfd@amniypr g tehéoyhchi tapcendt heavpti tarei@fent LS1
di sposed at the end on the inmage plane side of the projection optical
system PL. Thérﬁéz%B%-néﬁbé#”?beﬁgoéhm%%%ul%ﬂe|ﬁ§ﬁﬁé#rﬁhﬁﬁﬁa¥%tQ%I%?ovided

to surround the end portion of the projection optical. system PL over
(above) the suBQPPBFet¢ﬁ(%ﬂﬂﬁ&tﬁéﬁ@ldsf%@%riﬁﬂﬂ.SIsﬁephrgegﬁb%dﬂﬁéﬁ%quhe

TRt Tt A W N LR o
: e e [ 0 xplai ned as
exenpl i fied by %ﬁ&?@i of d.h ‘A%eag‘é LSy sta%@fiariqe&weﬁa%?)&%“é@% alatus
(so-call ed scanning stepper) as e exposur e apparatus In I ch the

substrate P ispexposg A’Hr%g fto*}%eﬁagkeiﬁlnpéfl{)@@ QR LhgsPRsKe M Whid @40+
synchronously noving the sk Mand the substrate P 1n nutually dlfferent
directions (oppasit&i.h et i@RSkckRon area AR of the projection optical
system PL., In this embodiment, the exposure apparatus EX
locally forms the second liguid immersion area LRZ of the
second liquid LQZ2 in only a partial area, including the
area AR', of the upper surface T2 of the first optical
element LS1 through which the exposure light beam EL
rasses. The exposure apparatus EX performs the projection
exposure for the substrate P with the pattern of the mask M
such that the exposure light beam EL, which has passed
through the mask M, is radiated onto the substrate P via
the proiection optical system PL, the second ligquid LQ2 in
the second liguid immersion area TR2, and the first liquid
L2l in the first liquid immersicon area LR1.
[003€6] A nozzle member 70, which will be described in
detail later on, is arranged in the vicinity of the image
plane of the projection optical system PL, specifically in
the vicinity of the optical element L31 disposed at the end
on the image plane side of the projection optical system

PL. The nozzle member 70 is an annular member which is
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t he scanning directions. In the follow ng explanation, the Z axis
direction is the direction which is coincident with the optical axis AX of
the projection optical systemPL, the X axis direction is the synchronous
novenent direction (scanning direction) for the mask Mand the substrate P
in the plane perpendicular to the Z axis direction, and the Y axis
direction is the direction (non-scanning direction) perpendicular to the Z
axis directionpandidde 2% axirgoudhr egti @M plhe idinr eet kapspobysotiati on
(inclination) about the X axis, the Y axis, and the Z axis are designated
as OX, OY, andp®dZcdi recitiean®Llr espectivelsy). {R038bsThetexpostuiestappar at us
EX includes a base BP which is provided on the floor surface, and a main
colum 9 whichtageifitlal | b ohithembedendBR., The meknleohemire® 16 29 forned
with an upper step 7 and a | ower step 8 which protrude inwardly. The

i |lum nation opeheafugisstemalE of| Fhei hhtss, liwiuid fhsesposurechidngism beam
EL, the mask M supported by the nask stage MST. The illum nation opti cal
systemIL is stipported by a support frame 3 which is fixed to the upper
portion of the main colum 9. [Q039] The illum nation optical systemlIL

i ncludes, for [8%3fhle, a5 ekpedimentighttiComreacithi eRVEAk &t &8 tthée
exposure light beam EL, an optical integrator which uniformzes the

i Il um nance ofe¥$%aﬁ%ﬁ%§ﬁr@Xﬁmﬁﬁ%fb%%ﬁﬁEEiﬁéﬁﬁa?édtP?oﬁ??h%fé%ﬁbsure | i ght

source, a condenser, lens which collects the exposur e |.ight beam EL emtted
fromthe scanning {ype exposure apparatus (so-called Zcanning

stepper}) as the exposure apparatus EX in which the
substrate P is exposed with the pattern formed on the mask
M while synchroncusly moving the mask M and the substrate P
in mutually different directions (opposite directions) in
the scanning directions. 1In the following explanation, the
Z axis direction is the direction which is ceincident with
the optical axis AX of the projection optical system PL,
the X axis direction is the synchronous movement direction
(scanning direction) for the mask M and the substrate P in
the plane perpendicular to the Z axis direction, and the Y
axls direction is the direction (non-scanning direction)
perpendicular to the Z axis direction and the X axis
direction. The directions of rotation (inclination) about

the X axis, the Y axis, and the Z axis are designated as
06X, 0Y, and 0Z directions respectively.
[0038] The exposure apparatus EX includes a pase BP

which is provided on the floor surface, and a main column 9

which i1s installed on the base BP. The main column 9 is
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optical integrator, a relay lens system and a variable field diaphragm
which sets the illumnation area on the mask Mforned by the exposure

| ight beamEL to be slit- shaped. The predeternmined illum nation area on
the mask M is illumnated with the exposure |ight beam EL having a
uniformillum nance distribution by the illum nation optical systemlIL.
Those usabl e as the exposure |ight beam EL radiated fromthe exposure

light source inwlwude, wieh aexaifrestepi $shom 4 ings( gckdys Bniay, i-ray)
radi ated, for exanple, froma nmercury lanp, far ultraviolet |ight beans
(DWV |ight beamsptsudl #&swdhel Kr FrexciMbuml aseioheani ckwayekeagtin 248 nm),
and vacuumultraviolet |light beans (VW |ight beans) such as the ArF

exci nmer | aser Beédammi(wavel engtth:thk98xpmjuaadl idig: E2aager beamm{savel engt h:
157 30 nm. In this enbodinent, the ArF exciner |aser beamis wused. [0040]
I n this enbodi FERPCT ped eoivdther riaskusedoe oSt he THe rddfluhigat toh Qrticadie
supplied fromthe first liquid supply nechanism 10 and the second liquid
LQ2 to be suppFPeEa™fFbomt HRRSEEsRE PV gai Bmip] freEehani8 30t s Thated i s,
in this enbodinent, the first liquid LQL and the second Iliquid LQ2 are the
sane |iquid. ThGsENEapatie FBerng: FFanshit 154 9¥r Sugh pure water are not

l[imted to the A exci mer l.aser beam and also include the em ssion |ine
(g- ray, h-ray}oﬁg?éy) riﬁ% &HgaplPSFl8§a%Rﬁ%£alfP@ﬁF&mnéFch?ﬁluq?ﬁTpf%ﬁd t he
far uItravioIegxgkgpé bean1&PUV gight bea

an exposur 1ght source which radiates the
exposure light beam EL, an optical integrator which
uniformizes the illuminance of the exposure light beam EL
radiated from the expesure light source, a condenser lens
which collects the exposure light beam EL emitted from the
optical integrator, a relay lens system, and a variable
field diaphragm which sets the illumination area on the
mask M formed by the exposure light beam EL to be slit-
shaped. The predetermined illumination area on the mask M
is illuminated with the exposure light beam EL having a
uniform illuminance distributicn by the illumination
optical system IL. Those usable as the exposure light beam
EL radiated from the exposure light source include, for
example, emission lines (g-ray, h-ray, i-ray) radiated, for
example, from a mercury lamp, far ultraviolet light beans
{DUV light beams) such as the KrF excimer laser heam
(wavelength: 248 nm), and vacuum ultraviolet light beamns
(VUV light beams) such as the ArF excimer laser beam

(wavelength: 193 nm) and the F; laser beam (wavelength: 157
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such as the KrF exciner |aser beam (wavel ength: 248 nm. [0041] The mask
stage MST is novable while holding the nask M The nask stage MST hol ds
the mask M by the vacuum attraction (or the electrostatic attraction). A
plurality of gas bearings (air bearings) 85, which are non-contact
bearings, are provided on the |lower surface of the nmask stage MST. The
mask stage MST is supported in a non- contact manner by the air bearings 85

Wi th respect tg.fhe rpper %Mﬁgéﬁrﬁer(tgu'td% %%”f acelnof fadBsksuyfigce plate
(mask base plate) 4. Openings MK1, MK2, through which the image of the

pattern of the,smsk M passes, are forned at central positions of the mask
stage MST and the mask surface plate 4 respectively. The nmask surface
plate 4 is suppesded by int haisppefosteme] @hrkheadvinigobdvm D rvicasan
anti-vibration 31 unit 86. That is, in this arrangenment, the mask stage MST

i's supported byitde mrjuldcobune 9%d Uppeslislde@ré)x Yha fhest antduwivi bration
unit 86 and the nmask surface plate 4. The nask surface plate 4 and the
mai n col um 9 arelisolcated: shr bin £at h:tot herond 1.egabd 0fQd hes wiebr ati on by
the anti- vibration unit 86 so that the vibration of the main colum 9 is
not transmtt ethnml itele frask thar facenglldte 4 whpphy supporis: tie nfbktst age
MST. [0042] The nmask stage MST is novable two-dinmensionally in the plane
per pendi cul ar o tilte thpsi eabodihentAX tafe tthestplofieedi Bl optd dale syseerh PL,

i.e., in the XY plane, and it is finely rotatable in the OZ direction on
t he mask surf aggivnid LQ2 are the same liquid. Those capable of being

transmitted through pure water are not limited to the ArF
excimer laser peam, and also include the emission line (g-
ray, h-ray, i-ray) radiated, for example, from a mercury
lamp and the far ultraviolet light beam (DUV light beam)
such as the KrF excimer laser beam {(wavelength: 248 nm).
[0041] The mask stage MST is movable while holding the
mask M. The mask stage MST holds the mask M by the vacuum
attracticon {(or the electrostatic attraction). & plurality
of gas bearings (air bearings) 85, which are non-contact
bearings, are provided on the lower surface of the mask
stage MST. The mask stage MST is suppoerted in & non-
contact manner by the air bearings 85 with respect tc the
upper surface ({(guide surface) of a mask surface plate (mask
base plate) 4. Openings MKLl, MK2, through which the image
of the pattern of the mask M passes, are formed at central
positions of the mask stage MST and the mask surface plate
4 respectively. The mask surface plate 4 1is supported by

the upper step 7 of the main column 9 via an anti-vibration
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plate 4 in a state in which the mask Mis held in accordance with the
driving of the mask stage-driving unit MSTD including a |linear notor or
the like controlled by the control unit CONT. The mask stage MST is
novabl e at a designated scanning velocity in the X axis direction. The
mask stage MST has a novenent stroke in the X axis direction to such an
extent that the entire surface of the mask Mcan traverse at |east the

optical axis AXnQt the ioject,iap eﬁagcakraﬁygﬁn%mﬂ +hkb0R43L £ Sy ermnt
mrror 81, which is novable together with the nask stage MST, is provided

on the nmask stagesWpdortdd IRsehd nhehf ebonmi 69 8ddes preyi dpdvad thepOSi tion
opposed to the novenent mrror 81. The position in the two di nensional
direction and theiangbeawoforr otrdttd 68 kAdt biee Gasi32udifkeet pdaté i ncl udieng t he
angles of rotation in the OX and OY directions in sone cases) of the mask
M on the mask mgtageubSIcare amadured the rrealn tdaterpy ot heel aserated
interferometer 82. The result of the neasurenent perforned by the |aser

i nterferonet er £820 sagutPijtarednt erhe ebntlrolvibygitt oQONY. tieardidmt rol  uni t
CONT drives the nmask, stage- dr|V|ng§unit MSTD on the basis of the result of

the measur erreﬁtlbéeffh%éan&y %hecl ABef Wﬁ etiferdterer fghhe gnatherdyn
control the position of the mask M held by the mask sta e MST. [0044] The
proj ection optrcaf %?%t%ﬁﬁqﬁ?ﬂﬁFﬁﬁeEPst?%é“a%ﬁu%ﬂﬁfﬁCSnpﬁﬁ ¢ nhskMont o t he

substrate P at Sgpports the mask stage MST.

{0042] The mask stage MST is movable two-dimensionally
in the plane perpendicular to the optical axis AX of the
projection optical system PL, i.e., in the XY plane, and it
is finely rotatable in the 8Z direction on the mask surface
plate 4 in a state in which the mask M is held in
accordance with the driving of the mask stage-driving unit
MSTD incliuding a linear motor or the like controlled by the
contrel unit CONT. The mask stage MST is movable at a
designated scanning velocity in the ¥ axis direction. The
mask stage MST has a movement strcke in the X axis
direction to such an extent that the entire surface of the
mask M can traverse at least the optical axis AX of the
projection optical system PL.

{0043] A movement mirror 81, which is movable together
with the mask stage MST, is provided on the mask stage MST.
A laser interferometer 82 is provided at a position opposed

to the movement mirror 81. The position in the two-

dimensional directicon and the angle of rotation in the 62
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predeterm ned projection magnification Rto performthe exposure. The
projection optical systemPL is constructed of the plurality of optical
elenents LS1 to LS7 including the first optical elenment LS1 which is
provi ded at the end portion on the side of the substrate P. The plurality
of optical elenments LSl to LS7 are supported by the barrel PK. In this
enbodi nent, the projection optical systemPL is the reduction systemin

whi ch the proj §££é%c{mg(rllncllga£h€nt}& ér?gz_efso%feé%@?@on Yl Bx Qhall/ 8.

The prolectlon optical systemP be any one of the 1x magnification

system and ni fying system The ro |on 0 tlcal stem PL may be
a%y one of theg aﬂgde§8Pg| i §%T%ﬁFFﬁE$ GJ edW%ﬁ?rlcihﬁ: cqfSptric g
el enents, the dioptric system 33 inc|udin no cagoptrlc el enent, and the
catoptric syst%%? ?ﬂ@ﬁh@ﬁﬁgmﬁﬁsﬂf%%t+?6“%%e ThEPexpd¥ire |ight beam
EL, which isr rom | umi nat.ion _optical system.lL into
the prOjectlon g%ﬁf%%ﬂom%§§feh? #?%ﬂﬁ?ﬁﬁ% |5e@%8fm?ﬁe o T%ﬂﬁ %rgﬁéngénd
the exposure | f@h@%@a@e@aiﬁ%érf&é&é@{} tshe ;hl %@Ekwegftoopé cac'on%ksments

LS7 to LS1. t hat,” t he "éxposure ght beam out oes rom-t si de
of the image pmr@ vt hewm%smwp Lgpite ERhSuLen BLe A the gexposure

| i ght beam EL arrives at the surface of the substrate P. SpeC|f|caIIy t he
exposure |ightgbeamy Enipasses bthrowghdhe plruraki tysefcoptical el enents

LS7 to LS3 respectively, and then the exposure |ight beam EL passes

t hrough t he pregdehardrenedcarganed phe-rippelsesuihaseferometer 82 to
thereby control the position of the mask M held by the mask
stage MST.
[6044] The proiection optical system PL projects the
pattern on the mask M onto the substrate P at a
predetermined projection magnification B to perform the
exposure. The projection optical system PIL is constructed
of the plurality of optical elements LS1 to LS7 including
the first optical element LSl which is provided at the end
pertion on the side of the substrate P. The plurality of

optical elements LS1 to LS7 are supported by the barrel PK,.
In this embodiment, the projection optical system PL is the
reduction system in which the projection magnification [
is, for example, 1/4, 1/%5, or 1/8. The proiection optical
system PL may be any one of the 1x magnification system and
the magnifying system. The projection optical system PL
may pe any one of the cata-dioptric system including

dioptric and catoptric elements, the dioptric system
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T4 of the second optical elenent LS2. Then, the exposure |ight beam EL
passes through the predeterm ned area of the |ower surface T3 of the
second optical element LS2, and then the exposure |ight beam EL cones into
the second liquid inmersion area LR2. The exposure |ight beam EL, which
has passed through the second liquid imersion area LR2, passes through
the predeterm ned area of the upper surface T2 of the first optical

el ement LS1, andcthenngher expesuie bighinbeamdElrpassespt hioughsthe

predetermned area of the |lower surface Tl of the first optical elenent
LS1. Then, theiexposime nd ghiopheam Elcwoones iTieo ekheshirestiglht qdath EL,
i mersion area LR1, and then the exposure |ight beam EL arrives at the
surface of thewbubktiatemdat34l (@045EhA fllange Rk oinsopt bva dedydtent Hé, out er
circunference of the barrel PK which holds the projection optical system
PL. The proj ectPBfas opticdinsysraarPLol soprsisdostved ey Pa baem elhssuritiace
plate (barrel base plate) 5 via the flange PF. The barrel surface plate 5
is supported By the PRifTt stepes ahdtHee MEinRP sedEuhh It viPee Ak s
vibration unit _87. That is, in.this arrangenen%, t he grgjection opti cal
system PL is shppor¥adHy R ahaln totRintad ELsHertatep’ 85 Vit t he
anti-vibration it 87 .an the barrel, surface plate 5. The. barrel surface
late 5 and (R TR TSl gt 6YRPL T Col Sk TRPBhT CaBhe Bt her 1ot (. of
th? vibration QYdéh§EQHk§]%E %aéhggengttﬁ%7ﬁ%%j%g%go%hgptf%alwgféy%mOf the
main colum 9 I's not transmtted to the

PL, and the exposure light beam EL arrives at the surface

of the substrate FP. Specifically, the exposure light beam

EL passes through the plurality of optical elements LS37 to

L33 respectively, and then the exposure light beam EL

passes through the predetermined area of the upper surface

T4 of the second optical element LS2. Then, the exposure

light beam EL passes through the predetermined area of the

lower surface T3 of the second cptical element LS2Z2, and

then the exposure light beam EL comes into the second

liguid immersion area LRZ. The exposure light beam EL,

which has passed through the second ligquid immersicn area

LRZ2, passes through the predetermined area of the upper

surface T2 of the first optical element LS1, and then the

exposure light beam EL passes through the predetermined

area of the lower surface Tl cf the first optical element

L51. Then, the exposure light beam EL comes into the first

liguid immersion area LR1l, and then the exposure light beam

EL arrives at the surface of the substrate P.
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barrel surface plate 5 which supports the projection optical system PL.
[ 0046] The substrate stage PST is novable while supporting a substrate
hol der PH which holds the substrate P. The substrate hol der PH hol ds the
substrate P by, for exanple, the vacuumattraction. A plurality of gas
bearings (air bearings) 88, which are non-contact bearings, are provided
on the I ower surface of the substrate stage PST. The substrate stage PST

i's supported i po@4smOn- cantaghge MBANEY MdN deBSRECELE Oodhe- upper surface
(guide surface) of a substrate surface plate (substrate base plate) 6 by

the air bearibgs.8ferthi@esubstraties st ace wpliahenbiss risdpportedion the
base BP via an anti-vibration unit 89. 35 The substrate surface plate 6,

the mai n col undeQ;cand tshem base BR: (Fdoectsunf age)car esysoeimateed ikr om one
another in ternms of the vibration by the anti-vibration unit 89 so that
the vibration oipgdrectase BPhitledrsesifidfcace)laandl(oarréhear pleglkeumd 9 is
not transmtted to the substrate surface plate 6 which supports the
substrate stageld®She 6047 PThe Bubstarated svadecPITLise noviablserpapted
dimensionally in the XY plane, and it is finely rotatable in the QZ

di rection on thie Wibsiovwgre ssapf Gcel pitet @agn poaumst 4teld AWMHNER t he
substrate P is held via the substrate holder PH in accordance with the
driving of the’Susdtica anist 8ge- dihdh dg uritt CPETDA FREPURIISTY fOF exanpl e, a

| inear notor controlled b¥,the control_unit CONT. Further, the
projection optical system PL 1s supported by the main

column 9 (lower step 8) via the anti-vibration unit 87 and
the barrel surface plate 5. The barrel surface plate 5 and
the main column 9 are isoclated from each other in terms of
the vibration by the anti-vibration unit 87 so that the
vibration of the main ccelumn 9 is not transmitted to the
barrel surface plate 5 which supports the projection
optical system PL.

[0046] The substrate stage PST is movable while
supporting a substrate holder PH which holds the substrate
P. The substrate holder PH holds the substrate P by, for
example, the vacuum attraction. A plurality of gas
bearings (air bearings) 88, which are non-contact bearings,
are provided on the lower surface of the substrate stage
PST. The substrate stage PST is supported in a non-contact
manner with respect to the upper surface (guide surface) of
a substrate surface plate (substrate base plate) 6 by the
air bearings 88. The substrate surface plate 6 is

supported on the base BP via an anti-vibration unit 88%.
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substrate stage PST is also novable in the Z axis direction, the OX
direction, and the OY direction. [0048] A novenent mrror 83, which is
novabl e together with the substrate stage PST with respect to the
projection optical systemPL, is provided on the substrate stage PST. A

| aser interferoneter 84 is provided at a position opposed to the novenent
mrror 83. The angle of rotation and the position in the two-dinensional
direction of theesubsttaie: farckhpisubsty alie st-age cBSImAre, measwned in
real -time by the laser interferometer 84. Although not shown, the
exposure appar akus EX (Slgrowudedce)t hra fotusiddeevvelbingne detedid ngnsyst em
whi ch detects the information about the position of the surface of the
substrate P supponrtedf byhd hel36tsubsbyatlee strage vRPEFatThosenadojt adl e as the
focus/leveling detecting systeminclude, for exanple, the oblique

i nci dence syst &Rl ntinvhi chrraid cdepécthaghd$g P bedhnoirs surdaldat exhd/pran
oblique direction onto the surface of the substrate P, and the systemin
whi ch the capatiEafe®? t§eMséndsr "PE LEBENTHE NS SeusPE eveps ip ifet ect i ng
system detects the information about the Sposition in the Z axis _direction
of the surface>Bf ‘tfie Blist rfat'@iP aRdPRWe" i MForMREIFOAT 8bBAIT He'T -

inclination in OX a OY . directions of the substrate P through or not
t hrough the fiff@?“l i qu{&gqq_éf?asftﬁafﬁes%%%ee ot rlﬁemPE{EEgﬂE%T ing detecting

System whi ch detects. the surtace | por L on, phout the spyfage of Lhe

in the 6Z direction on the substrate surface plate 6 in a
state in which the substrate P is held via the substrate
holder PH in accordance with the driving of the substrate
stage-driving unit PSTD including, for example, a linear
motor controlled by the control unit CONT. Further, the
substrate stage PST is also movable in the 2 axis
direction, the 08X direction, and the 0Y direction.

[0048] A movement mirrcr 83, which is movable together
with the substrate stage PST with respect to the projection
optical system PL, is provided on the substrate stage PST.
A laser interfercometer 84 is provided at a position opposed
to the movement mirror €3. The angle of rotaticn and the
position in the two-dimensicnal direction of the substrate
P on the substrate stage PST are measured in real-time by
the laser interferometer 84. Although not shown, the
exposure apparatus EX is provided with a focus/leveling
detecting system which detects the information about the

position of the surface of the substrate P supported by the
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the liquid LQL, the surface information about the surface of the substrate
P may be detected at any position away fromthe projection optical system
PL. An exposure apparatus, which detects the surface information about the
surface of the substrate P at any position away fromthe projection
optical systemPL, is disclosed, for exanple, in United States Patent No.
6,674,510, contents of which are incorporated herein by reference within a
range of pernkssiomtf dthgedopestithdansand 0ndi pances ofcddre statag
designated or selected in this international application. [0049] The
result of the deastrenentyspenf onaedddy tdre edaager, i nherdleronet er 84 is
outputted to the control unit CONT. The result of the detection perforned
by the 37 focusitelmidang ydeeect nnghbystiem idetalcsongut pytt edbdro itshe contr ol
unit CONT. The control unit CONT drives the substrate stage-driving unit
PSTD on t he basi&iafed He anesiliced diredderecingn peefornedryh hae
focus/leveling detecting systemto control the focus position and the
angl e of inclifEtigP S Frhé"duble rate-am & RACht hbe serPaed-arére Hee
substrate P is adjusted to match the inpge plane of the projection optical
system PL. FurtHit®® t'te USGhst r ate bc‘isg?alsedﬁjlé?}@eﬂe%c’fﬁégp%’ %on cont r ol
in the X axis irection and the Y axis direction,on the basis of .the
esult of the SEEETerit JSPFBT A (P de PRsBPCLFeRr Tordie e 84, [ 0050]
A recess 90 isyprovided on fhe  SUpSts ale 342885 ate p and the

information about the inclination in the 0X and 6y

directions of the substrate P through or nct through the
first liquid LQY. In the case of the focus/leveling
detecting system which detects the surface information
about the surface of the substrate P through or not through
the liguid LQ1l, the surface information about the surface
of the substrate P may be detected at any position away
from the projection optical system PL. An exposure
apparatus, which detects the surface information about the
surface of the substrate P at any position away from the
projection optical system PL, is disclosed, for example, in
United States Patent No. 6,674,510, contents of which are
incorporated herein by reference within a range of
permission of the domestic laws and ordinances of the state
designated or selected in this international application.
[0049] The result of the measurement performed by the
laser interferometer 84 is outputted to the control unit

CONT. The result of the detection performed by the
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PST. The substrate holder PH for holding the substrate P is arranged in
the recess 90. The upper surface 91 of the substrate stage PST except for
the recess 90 is a flat surface (flat portion) which has substantially the
same height as that of (is flush with) the surface of the substrate P
hel d by the substrate holder PH In this enbodi nent, the upper surface of
the novenent mrror 83 is also provided to be substantially flush with the

upper surface8tusfither subsidrateistagesReT.id Q51 oSupstast il [heno
difference in height appears outside the edge portion of the substrate P
even when the cedgeoareaitofCONTe s@bstcatierd wisulbpEct édites ttiee | i qui d

i mrer si on exposure, because the upper surface 91, which is 38 substantially
flush with thessbsfagee oftadvedgdbstpateiP PIE opr dhiededs & ocuhd-htehe
substrate P. Therefore, the liquid immersion area LRl can be

sati sfactoril yrearkedobythe stedieathgnt her fodiid dvQten fheus Mejeelpivgne si de
of the projection optical systemPL. It is also allowable that any

di fference i n ABFERE TS PIreEsBntopePNeen tye dnracecst tiehed®udétr ate P and
t he upper surface 91 of. the substraée st age PST pr.ovi ded t hat thefliguid

i mrersi on ar ea®PRI® c&h B WETACH REdThA P &b6uf ot 2t 0- ¥ m5tEC

provi ded between the edge portion of.the bstr at and t he f.lat urface
(upper surfacef?Qih%r%@? érggr%uﬁa ?%%P%%%gﬁ%hfg%ﬁ% EP%M%%%&% 3%%?% P%uid LQ

scarcely flows,j0to 16 Gap AM:09a1 05y 4G, B4 Fac LADS! o, O k1 JirQuibd LQ

Even when the
is subjected to the position control in the X axis
directicon and the Y axis direction on the basis of the
result of the measurement performed by the laser
interferometer 84.
[0050] A recess 90 1s provided on the substrate stage
FST. The substrate holider PH for holding the substrate P
is arranged in the recess 90. The upper surface 21 of the
substrate stage PST except for the recess 90 is a flat
surface (flat portion) which has substantially the same
height as that of {is flush with) the surface cf the
substrate P held by the substrate holder PH. In this
embodiment, the upper surface of the movement mirror 83 is
also provided to be substantially flush with the upper
surface 91 of the substrate stage PST.
[0051] Substantially nc difference in height appears
outside the edge portion of the substrate P even when the
edge area of the substrate P is subjected to the liguid

immersion exposure, because the upper surface 91, which is
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exposure is performed for the portion in the vicinity of the
circunferential edge of the substrate P, it is possible to retain the
liquid LQ under the projection optical system PL by the aid of the upper
surface 91. [0052] The first liquid supply nechanism 10 of the first

liquid imersion mechanism11 is provided to supply the first liquid LQL to
the first space KL between the substrate P and the first optical el enent
LS1 of the propestimniopty ddlussysiemPle stheafder sf bhqusdbsupgley P, is
mechani sm 10 includes a first liquid supply section 11 which is capable of
feedi ng the fiPpsevideuiarquQd thadsabsfigtsr Buppihypredbes 13tiwhilclitigs one end
connected to the first liquid supply section 11. The other end of the
first 39 suppl yFebelAB dr¢chRhettodt oo aHe IneEereé LitehbBreT®@Y In this

enbodi nent, the first liquid suppI% mechani sm 10 supplies pure water. The
first |iquid sﬁf&ﬁbn%ﬁ&nqhﬁnli$Ul?n Q e he gmaggaRphRe R Pured the

wat er - produci ng_uni t erat ure-adjust,i ng._unit ad s the
Camer ot o e o Prg T ey Pl Boli gl (P TR et o Eélgllﬁob%ljs?fffgﬁ

al so allomable re.waf er-.produc N n ut| r or omer
usde) of a fac%%r%ff%$%ﬁﬁ%§thhe e1%6§ﬁ$ I %p%ﬁlgFu |%&|%¥§%§ﬁe 8fp

I nstead of proﬁ’ﬁé"élﬂaﬁ%%t@“beanéé"a{ﬁé QUG aﬂ%&a‘é 14, TOF E s‘%%%sr‘éft%

apparatus EX, provi that a predeternmined qualify condition

satisfied. Thesoperatdon. af,; hbe EM@ttﬂé qwqqlaua%xrsﬂ@&%asrﬂalio cEhi rst
liquid supply section 11) is controlled

be maintained. A gap of about 0.1 to 2 mm is provided
between the edge portion of the substrate P and the flat
surface {upper surface) 921 provided around the substrate P,
However, the liguid LQ scarcely flows into the gap owing to
the surface tensiocn of the liquid LQ. FEven when the
exposure is performed for the pertion in the vicinity of
the circumferential edge of the substrate P, it is possikle
to retain the liquid LQ under the projection optical system
PL by the aid of the upper surface 91.

[0052] The first liquid supply mechanism 10 of the first
liguid immersion mechanism 1 1s provided to supply the
first liquid LQ1 fo the first space K1 between the
subsirate P and the first optical element LS1 of the
projection optical system PL. The first liquid supply
mechanism 10 includes a first liquid supply section 11
which is capable of feeding the first liquid LQ1, and a
first supply tube 13 which has one end connected to the

first liquid supply secticon 11. The other end of the first
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by the control unit CONT. In order to formthe first [liquid inmersion area
LR1 on the substrate P, the first |Iliquid supply nmechanism 10 supplies a
predeterm ned anmount of the first liquid LQL onto the substrate P arranged
on the side of the inmage plane of the projection optical system PL under
the control of the control unit CONT. [0053] Aflowrate controller 16
called "mass flow controller”, which controls the |iquid anbunt per unit
time to be feduppdm theefld sis |doguedtsdppd ytiseotdzan elheaper sUpplired to
the i mage pl ane side of the projection optical systemPL, is provided at
an i nt er nedi at &2peskrpodingntihahef ifiset shpprid tue l¥3meThentwnt Yol of the
liquid supply anmount by the flow rate controller 16 is_perfornmed in 40
accordance w t FUPRéLIPASEFIRt101F si gRAF SupDT i B romPREY 8BREFSl Unit

CONT. [0054] The first ljiquid recovery nechanism 20 of the first |iquid
i mer si on mechaftsifisre %@é?%i & f PrBYTE | YU T AEGEVF1 BFh Tkt i 6f the

i I f th | ectj. tical t PL. Th irst_liquid
e Pl ane of (LigcBigh eeLion oatlcal, syeLen B e el L4 coovery

mechani sm 20 i s capabl e

of recovering %gg %%E%%eiiﬂﬁ%gébgge 9%999) E'fq&)&gcggﬁﬁgi%gbe 23 which has

one end connec I'i'qui d recovery sectio The ot'her end

First 1iquid rocevery Sebtion 2L rnal Lacs. Tor Toannt e 4 vactum Sy 2t em

(suction unit) ,syeh 85 FoWACWMAe) of a factory in which the exposure
apparatus EX is installed, instead of providing any pure
water-producing unit for the exposure apparatus EX,
provided that a predetermined guality condition is
satisfied. The operation of the first liquid supply
mechanism 10 (first liquid suppiy section 11) is controlled
by the control unit CONT. In order to form the first
ligquid immersion area LR1 on the substrate P, the first
liquid supply mechanism 10 supplies a predetermined amcunt
of the first ligquid LQl ontc the substrate P arranged on
the side of the image plane of the projection optical
system PL under the control of the control unit CONT,.

[0053] A flow rate controller 16 called "mass flow

controliexr™, which controls the liguid amount per unit time
to be fed from the first liquid supply section 11 and
supplied to the image plane side of the projection optical
system PL, is provided at an intermediate position of the
first supply tube 13. The control of the ligquid supply

anmount by the flow rate controller 16 is performed in
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punp, and a gas/liquid separator which separates the recovered first
liquid LQL fromthe gas. It is also allowable that all of the conponents
i ncluding, for exanple, the vacuum system and the gas/liquid separator are
not provided for the exposure apparatus EX but to use the equipnent of a
factory or the like in which the exposure apparatus EX is arranged, in
pl ace of at least a part or parts of the conponents as descri bed above.
The operation aototdwndd ratchl thai onsecoveryn reghani sop20idd i #18t lthegui d
recovery section 21) is controlled by the control unit CONT. In order to
formthe firstcbnguwid umecoNBn area LRL on the substrate P, the first
l'iquid recovery mechanism 20 recovers a predeterm ned anmount of the first
liquid LQL 41 f?®Mt he Sinef déesdf liteidulsstovare Reshippl sredk § radmttiee fir st
l'iquid supply nmechanism 10 in accordance with the control of the control
unit CONT. [0055]stThe aseclontekigibn meppint smedhanrsne 89 die therstsecond
l'iquid inmersion nmechanism 2 supplies the second liquid LQ2 to the second
space K2 betweetliife I$dcodram opei eshle ctferddnt irsgeandethed ittt opti cal
el ement LSl of the projection_optical system PL. The second |iquid supply
nmechani sm 30 i Hctififds 4 SBEGRAL | FGTU FUppl Y&t Fdh BHIUHhixr V& ¥apabl e
of feeding the second Ii(aui.d t%ﬁ and,a second sugglv\: t ube 33 whi.ch has
one end connect®d'¥o hé sBton T iqui'd Suppry-EeE T OR 1. Sofife %Ot her end of
the second S%H%h%1%%b%a%§big ggnﬁgééé%%fﬂ% Eg% %?%ggdlflﬁﬁFIEﬁ, and a

first recovery tube 23 which has one end connected to the

first liquid recovery section 21. The other end of the

first recovery tube 23 is connected to the nozzle member

70, The first liquid recovery section 21 includes, for

example, a vacuum system {suction unit} such as a vacuum

pump, and a gas/liquid separator which separates the

recovered first ligquid L0O1 from the gas. It is also

allowable that all of the compeonents including, for

example, the vacuum system and the gas/ligquid separator are

not provided for the exposure apparatus EX but to use the

equipment ¢of a factory or the like in which the exposure

apparatus EX is arranged, in place of at least a part or

parts of the components as described above. The operation

of the first liquid recovery mechanism 20 (first liguid

recovery section 21) is controlled by the control unit

CONT. In order to form the first liguid immersion area LR1

on the substrate P, the first liguid recovery mechanism 20

recovers a predetermined amount of the first liquid LQ1
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di sposed between the first optical elenment LSl and the second opti cal
el ement LS2, for exanple, via the supply flow passage (34) as descri bed
| ater on. The second liquid supply mechanism 30 supplies pure water in the
same manner as the first liquid supply mechanism 10. The second |iquid
supply section 31 includes, for exanple, a pure water- producing unit, and
a tenperature-adjusting unit which adjusts the tenperature of the second
liquid (pure watrer) theQRuit tadie cfuppki edosttats mlsSspralkawabbe tloe USiersa pure
wat er - producing unit (utility power or power usage) of a factory in which
t he exposure apparatiusulXy srdaishdlhed? innsteadiagfceprovhdiing amytppur e
wat er - producing unit for the exposure apparatus EX The operation of the
second |iquid 42 §opptyrmechanmiisnC38T(second |iquid supply section 31) is
controlled by the control unit CONT. In order to formthe second liquid
i mersion arealPR2Sbn t M aupFscnsutf geed TUGTLY tIsePRRESR Pt PEat %l enent
LS1, the second quuid,suggLy mechani sm 30 supplies _a predeterm ned anount
of the second SEFifd- LR DrtfHerReé clppeelatkTace SPRPofefhelti 3308t i cal
el enent LS1 in_accordance with the control of the control unit_ CONT
[0056] The pur &*@RLertG ddudihg SEAPE el Be tls & EWESHDRT Y536 Dot h of t he
first liquid i rsi on _nechani 1 and the second liquid i SIo)
mechani sm [ 0087} & et W EonE POl Fe7 , - Wi R EEGREr of TR | Tquitd  anunt
per unit tinme EEQ H%@étﬁ%ns%%%”igaﬁ' gyé‘gerg%p.l Y The second liguid supply
mechanism 30 includes a second liguid supply section 31
which is capable of feeding the second liquid LQZ, and a
second supply tube 33 which has one end connected to the
second liquid supply section 31. The other end of the
second supply tube 33 is connected to the second space K2
disposed between the first optical element LS1 and the
seccend optical element LS2, for example, via the supply
flow passage (34) as described later con. The second liguid
supply mechanism 30 supplies pure water in the same manner
as the first liguid supply mechanism 10. The second ligquid
supply section 31 includes, for example, a pure water-
producing unit, and a temperature-adjusting unit which
adjusts the temperature of the second liguid {(pure water)
L2 to be supplied. It is alsc allowable to use a pure
water-producing unit (utility power or power usage) of a
factory in which the exposure apparatus EX is installed,

instead of providing any pure water-prcducing unit for the

exposure apparatus EX. The operation of the second liguid
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section 31 and supplied to the second space K2, may be al so provided at an
i nternedi ate position of the second supply tube 33. [0058] The second

|l iquid recovery nmechanism 40 of the second |iquid imersion nmechanism 2
recovers the second liquid LQ fromthe second space K2 di sposed between
the second optical elenment LS2 and the first optical elenent LS1 of the
projection optical system PL. The second liquid recovery nechani sm 40

i ncl udes a secendply quchardcay ey (ssectd ot il avsiuph liySseapabt e310f is
recovering the second liquid LQ@, and a second recovery tube 43 which has
one end connectetdr¢blacheéysedendohigul dumec@ieily séot bodedltio Them dthleer end
of the second recovery tube 43 is connected to 43 the second space K2

di sposed bet weeacthe Figwitd dpriecalonedede R SN dhd theesevonithoptlicalf

el ement LS2, for exanple, via the recovery flow passage (44) as described
| ater on. The SBeomEiS qiitd PdcBVBFGPE et orf 4l seRertdésduid otuiddanpl e, a
vacuum system (suction unit) such as a vacuum punp, and a_gas/liquid

separ at or whi cheSeparsit 69 tHEPLE8E of P B CSToHE oA qUPHPE@E frim¥9re gas. It
is also allowable, t, all of the conponents including, .for. exanple, the
Vacuum syet em SRE Ehe GadPCali SBEar GRort Aire T2n6E  pPOuF HEt 151 AeRe
exposur e appar .« Qut, to use.the equipprent tilit ower__Qr._ power
usage) of a fa%%%%vgigfﬁtﬁg'Ffﬁgr?%na%f%ﬂﬂiﬁgee%ﬁggﬁ?% %%pgh%fﬁgl ﬁHis
arranged, in place-Qf, at least a part or parts of the conponents as

[0056] The pure water-producing unit may be used
commonly for both of the first liguid immersion mechanism 1
and the second liguid immersion mechanism.

[0057] A mass flow controller, which controls the liguid
amount per unit time fed from the second liguid supply
section 31 and supplied to the second space K2, may be also
provided at an intermediate position of the second supply
tube 33.

[0058] The second liguid recovery mechanism 4C of the
second liquid immersion mechanism 2 recovers the second
liguid LQ2 from the second space K2 disposed between the
second optical element L$Z and the first optical element
LS1 of the projection optical system PL. The second liquid
recovery mechanism 40 includes a second liguid recovery
section 41 which is capable of recovering the second liguid
Loz, and a second recovery tube 43 which has one end
connected to the second liquid recovery section 41. The

other end of the second recovery tube 43 is connected to
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descri bed above. The operation of the second liquid recovery nechani sm 40
(second liquid recovery section 41) is controlled by the control unit
CONT. The second liquid recovery nmechanism 40 recovers the second liquid
L2, from the upper surface T2 of the first optical elenent LS1, supplied
fromthe second liquid supply nechanism 30 in accordance with the control
of the control unit CONT. [0059] The nozzle nenber 70 is held by a nozzle
hol der 92, andheheenozzl epded de&r B2pbsedobsectiad the ttheskowvetisikep 8 of
the main colum 9. The main columm 9, which supports the nozzle nenber 70
via the nozzl e eielrder 92] 4l igw ateedndvpptidrel aritamevithiL&ti ohouinit 87 in
ternms of the vibration, fromthe barrel surface plate 5 which supports the
barrel 44 PK ofexeRelpr of bethiton suwiveal §Yoy em Pladd d dtiheap| dager Pred
Therefore, the projection optical systemPL is prevented from any
transni ssi on of'%tRKe 9Pbré?@%n?%ﬁ%ﬂgriﬂ@ﬂl%yf?@R¥erﬁbffpélﬁﬁnﬁérlW@ﬁ“#ﬁﬁﬂ:her,
the main colun?og,ﬁmhic supports the nozzle nenber 70 via the nozzle

I"so

hol der 92, is APBO Vi o HEUAAL PYOT B at TUR i 188 i AYERr A% B the

vi brati on, frog%thgmsubstr%g%i%yrga9?.gla e 6 %ﬂhﬁp EUEBorgs t%$a§4%%trate
stage PST. Theréfore, “the stbstt 4787 "svage BIF 5% Pr &Vént'ed ¥ o any

transm ssi on OEeEhg?ﬁg&tgéggﬁ§;1q§§§?ﬁ%§9 f%m%hﬁmﬁ%ééle ggn?grazgavia t he

main colum 9 an e base e maln-col'um 9, ich supports

the nozzle ”Eﬂgﬁﬁo%Qb%éﬁjkh?a_QzéketHQ'QS%poéé%té $nc30hakgd yia the

anti-vibration unit 86 in terns
example, the vacuum system and the gas/liguid separator are
not provided for the exposure apparatus EX, but to use the
equipment {(utility power or power usage) of a factory or
the like in which the exposure apparatus EX is arranged, in
place of at least a part or parts of the components as
described above. The operation of the second liguid
recovery mechanism 40 (second liquid recovery section 41)
is contrelled by the control unit CCONT. The second liquid
recovery mechanism 40 recovers the second ligquid LQ2, from
the upper surface TZ of the first optical element LS1,
supplied from the second liguid supply mechanism 30 in
accordance with the control of the control unit CONT.
[6059] The nozzle member 70 is held by a nozzle hclder
92, and the nozzlie holder 92 is connected to the lower step
8 of the main column 9. The main column 9, which supports
the nozzle member 70 via the nozzle holder 22, is isolated
via the anti-vibration unit 87 in terms of the vibration,

from the barrel surface plate 5 which supports the barrel
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the vibration, fromthe mask surface plate 4 which supports the mask stage
MST. Therefore, the mask stage MST is prevented fromany transm ssion of
the vibration generated by the nozzle nenber 70 via the main colum 9.

[ 0060] Next, the first liquid innmersion nechanism 1l and the nozzle nenber
70 will be explained with reference to Figs. 2, 3, and 4. Fig. 2 shows,

wth partial cutout, a schematic perspective viewillustrating those
di sposed in the ¥fcihs tpragfecthennogzi e menbearen/ @L Fiig. tBe shiowsyea PF.
perspective view illustrating the nozzle nenber 70 as viewed froma | ower

posi tion. Fig. THesdbws: a Wiederodectionatpivicewy s[y3086%] PThes nozzicwe: tvgnber 70
is arranged in the vicinity 45 of the end portion on the inmage plane side
of the projectronh ¥ptitcainsgyseémpet T HWeLAtd oregbeerrF0ed arfheannul ar

menber which is provided to_surround the circunference of the projection
optical system'PEZbvetetHe "SubstrateeP (Hifoderiat 6°stage®PSHicN n this

enbodi nent, the nozzle nenber 70 constructs a part of _the first liquid
i mrer si on mechdMFRe = tﬁﬁenﬁ&f%?emﬁ%W%%fﬂﬁdmﬁh§%§ H8F6198¢91 Sposed®at the

central portion_thereof .in which the. projection gptical systemPL can be
arranged. As s %ﬁég%%#)v Fgﬁ“%,aPﬁ% Y%?é%t%ﬁﬁi9§&F g?eﬁ%n{efﬁﬁ.gﬁnfhfhe second

optical el emeng; Aare support ds@ysg & Sal g%rr atksS ort. menber) PK.

In this enbodi nent, "an ‘i nner S|§e Surface g%$‘of ?%e %o?e of the

nozzl e member J0.0S-ts the substrate stage PST. Therefore, the substrate
stage P3T is prevented from any ftransmission of the
vibration generated by the nozzle member 70 via the main
column 9 and the base BP. Further, the main column 9,
which supports the ncozzle member 70 via the nozzle holder
82, is isolated via the anti-vibration unit 86 in terms of
the vibration, from the mask surface plate 4 which supports
the mask stage MST. Therefore, the mask stage MST is
prevented from any transmissiocn of the wvibration generated
by the nozzle member 70 via the main column 9.
[0060] Next, the first liguid immersion mechanism 1 and
the nozzle member 70 will be explained with reference to
Figs. 2, 3, and 4. Fig. 2 shows, with partial cutout, a
schematic perspective view illustrating those disposed in
the wvicinity cf the nozzle member 70. Fig. 3 shows a
perspective view illustrating the nozzle member 70 as
viewed from a lower position. Fig. 4 shows a side
sectional view.

[0061] The nozzle member 70 is arranged in the vicinity
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provi ded opposite to a side surface PKT of the barrel PK. A gap is provided
bet ween the inner side surface 70T of the hole 70H of the nozzle nenber 70
and the side surface PKT of the barrel PK of the projection optical system
PL. The gap is provided in order to isolate the projection optical system
PL fromthe nozzle nmenber 70 in terns of the vibration. Accordingly, the
vibration, which is generated in the nozzle nenber 70, is prevented from
bei ng directlyoft rhasend ted-ttieont be phej ecidonloptel cakesysteme PL. [ 0062] The
i nner side surface of the hole 70H of the nozzle nenber 70 is |yophobic or
| i qui d-repel | eptofaatern orepaldientytaitt AL r esectnoze tehwehbeui 0 LQ aThi s
suppresses any inflow of the liquid LQinto the gap between the side 46
surface of the2ppbjeetnovoptildal $yspenyPledhrnd® tRETPHABrth8i de surface of
the nozzl e nmenber 70, [0063] Those formed on the | ower surface of the

nozzl e menber SFOFREF L% 95 &Gﬁdp§ﬁb%T5ﬁiﬁnqp?E?aﬂo?y%EB%I@?ﬁﬁ“ﬁhéheflrst
liquid L d | t 22 t he, f t d
Lal in the § SFPgﬁF%@ }ei@fﬁ SEFBRE TRt 10 SaBply -BoPE AT ha i 1 st
liquid i t el f t f t
o o |0 pmchatom 5 songpr atel el oo o 151

i nmer si on mech [ i at el re S+ fﬁ t Qﬁﬁ%ygbﬁ port
22" . [0064] Thgggég%rneémgﬁg?ﬁg%ngzzlgh%e 5?1,7%eh8e ud% £§f|rst suppl y

flow passage 1&1¥%%§%H'é% Q%%n%%hgga§0p$$%ion thereof in which the
projection coptical system PL can be arranged. As shown in
Fig. 4, the first optical element LS1 and the second
optical element LS52 are supported by the same barrel
{support member} PK. In this embodiment, an inner side
surface 70T of the hole 7CH of the nczzle member 70 is
provided opposite to a side surface PKT of the barrel PK.
A gap is provided between the inner side surface 70T of the
hole 70H of the nozzle member 70 and the side surface PKT
of the barreil PK of the projection optical system PL. The
gap is provided in order to isolate the projection optical
system PL from the nozzle member 70 in terms of the
vibration. Accordingly, the vibration, which is generated
in the nozzle member 70, is prevented from being directly
transmitted to the projection optical system PL.
{0062] The inner side surface of the hole 70H of the
nozzle member 70 is lyophobic or liguid-repellent {(water-
repellent) with respect tc the liquid LQ. This suppresses

any inflow of the iliguid L into the gap between the side
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first supply port 12, and a first recovery flow passage 24 which is
connected to the first recovery port 22. The other end of the first supply
tube 13 is connected to the first supply flow passage 14. The other end of
the first recovery tube 23 is connected to the first recovery flow
passage 24. The first supply port 12, the first supply flow passage 14,
and the first supply tube 13 construct parts of the first liquid supply
mechani sm 10 ( fRES2Ce iqfuitde iPmege sk onn nacHarfls myetenThe 44 sthea doongary port
22, the first recovery flow passage 24, and the first recovery tube 23
construct part&id¢ twetFqs S FRguRre?? R Ve ééhani sm 20 (first liquid

i mrer si on nechanism 1). [0065] The first supply port 12 is provided, over
the 47 substrat®e# sup &d BT EAeCR U HatE L £agéa PETO! s add%F L eoppose

to the surface of the substrate P, The first supply port 12 is separated
or away from tRERGT f 4t G UERe? stb¥t At P Wy P8 5r ddet oF ni L vdingt &hée.
The first supp rt 12 is_arranged, to surround the projection area AR of
t he projection%%ﬁﬁ$25T¥§§§E§&fPﬁn%n?glh&ﬁ%ﬂ19?ﬁ8V§§§o§ﬁ$% é%i beam EL is
radiated. In this enbodi nent,.th i st pply port 12.js formed to have
an annul ar sli?éé %ﬁﬁi?g g%ﬁf?éﬁ%gti% u%ﬂ %ﬁ%é I%ﬁe?k u% %%%F%ﬁgi:he nozzl e

nenber 70 to guisaynd Lhe ncoj egtion greg AR.AS13hoMN: LD Fide g this

enbodi ment, the projection area _ o have a rectangular shape in
g’!’" cht_the Y axigndi i€t hRRhEAPR: SCANN NG Higekh 9N} ESy the dpngi tudi nal
i rection.
"first supply port 12", and the liquid recovery port 22 of
the first liguid immersion mechanism 1 is appropriately

referred to as "firvst recovery port 227,

[0064] Those formed in the nozzle member 70 include a
first supply flow passage 14 which is connected to the
first supply port 12, and a first recovery flow passage 24
which is connected to the first recovery port 22. The
other end of the first supply tube 13 is connected to the
first supply flow passage 14. The other end of the first
recovery tube 23 is connected to the first recovery flow
passage 24. The first supply port 12, the first supply
flow passage 14, and the first supply tube 13 construct
parts of the first liquid supply mechanism 10 (first liquid
immersion mechanism 1). The first recovery port 22, the
first recovery flow passage 24, and the first recovery tube
23 construct parts of the first liquid recocvery mechanism
20 (first liguid immersion mechanism 1).

[0065] The first supply port 12 is provided, over the
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[0066] The first supply flow passage 14 is provided wwth a buffer flow
passage portion 14H which has a portion connected to the other end of the
first supply port 13, and an inclined flow passage portion 14S whi ch has
an upper end connected to the buffer flow passage portion 14H and which
has a | ower end connected to the first supply port 12. The inclined flow
passage portion 14S has a shape corresponding to the first supply port 12,
and its cross &§eRsion-¢ dkeavPralr6hg PReCHeYy PImtEats PorfRd 1o éV@SaEO
annul ar slit-shaped configuration to surround the firsthopgjc%Js%le?ent
LS1. The incl PRB8SY | ‘otv P SAGE268r OF o484 2af Angl & 0f > 5 heli"Rat Fon
corresponding to the_sjde surfacsrof t he fén%gth%p%hggg glg t, LS1

arr anged insidB?rﬁsl%ﬁﬁ?é%ﬁﬁ?éae B 2 Fig.7"4, " thé “IncTTned Tlow passage
portion 14S is fgégggtesy h %h%EeEQQe%R%ﬁ%?Qﬁ%k%Eé@qe yhéhffgﬁp%gbpggrthe

surface of thé&" rate i's“i'Acrease positions away farther om

the opti cal axbgre‘xl?fjo%gé%x%%gg(t;&%O&MJrﬁﬁlt}%y%tr%%cPLQﬁsaﬁ@aﬁw den a

side sectional "view [T uffer flow passage portion 14His a space
which is providgd outside 9f Jhechnckined, flrowmassagen Pos tdguoslds to

surround the upper end portion of the inclined flow passage portion 14S
and which is forged $0:m expand rkhikhed XY i rectd embehenezontele diinect i on) .
The inner side of the buffer flow passage portion 14H (side on the
optical axis AXhphSycomnectzed st okhed uppetawendirofanihéari atlingthfdow
passage portion 14S. The connecting section
configuration at the lower surface of the nozzle member 70
to surround the projection area AR as shown in Fig. 3. In
this embodiment, the projection area AR is set to have a
rectangular shape in which the Y axis direction {(non-
scanning direction) is the longitudinal direction.
{0066] The first supply flow passage 14 is provided with
a buffer flow passage portion 14H which has a portion
connected tc the other end of the first supply port 13, and
an inclined flow passage portion 14S which has an upper end
connected to the buffer flow passage portion 14H and which
has a lower end connected to the first supply port 12. The
inclined flow passage portion 145 has a shape corresponding
to the first supply port 12, and its cross section taken
along the XY plane is formed to have an annular slit-shaped
configuration to surround the first optical element Lsl.
The inclined flow passage portion 145 has an angle of

inclination corresponding to the side surface of the first

optical element LS1 arranged inside. As appreciated from
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thereof is an angular corner portion 17. A bank portion 15, which is
formed to surround the upper end of the inclined flow passage portion 14S,
is provided in the vicinity of the connecting section (angular corner
section) 17, specifically in the inner area (on the side of the optical
axis AX) of the buffer flow passage portion 14H  The bank portion 15 is
provided to protrude in the +Z direction fromthe bottom surface of the
buffer flow phsgagt port itewiiapd Al Harkasid FIoRopadsage?Port ifoHeaN,  whi ch
is narrower than the buffer flom/gassage portion 14H, is defined between
the bank porti AR5 %Hd Tife SBApErY SRS (PP prarechot? i'dif B Id68cri bed
| ater on) of th nozzl e menber.. 49 [0068] In this, epbodi ment, the nozzle
rorber 70 s TorHES B SEORbEArnY® ol 11T St or  EARGE 1 CBe AT eber

12 Sach of el rele 30d.see000; (BIbAS b 13 1680; 88 ofOLIRd Gor bl
exanpl e, al um num it anium - stalnl'ess §iee|, dararoni 7o an aIFby

containing at jgast JuQ,.0f ; thgldéoﬁﬁﬁhf%%ﬂ fiieat nenber 71 has a side

plate portion 71A, a top plate portion which has its outer end

connected at poépper Byedelergined, posiddQn ggrw@nsm@i@a&%p@%ﬂon

71A, an inclined plate portion 71C which has i upper end connected to an

i nner end of tfe; ipp PLALE; 4RQr LoD LB - and a,BotLom pl 4t & pa%Lj.on 71D
(see Fig. 3) which is connected to a | ower end of the inclinedplate

portion 148 to surround the upper end portion cf the
inclined flow passage portion 145 and which is formed to
expand in the XY direction (horizontal direction). The
inner side of the buffer flow passage pertion 14H (side on
the optical axis AX) 1s connected to the upper end of the
inclined flow passage portion 145. The connecting section
thereof is an angular corner pertion 17. A bank portion
15, which is formed to surround the upper end of the
inclined flow passage portion 1438, is provided in the
vicinity of the connecting section (angular corner section)
17, specifically in the inner area (c¢n the side of the
optical axis AX) of the buffer flow passage portion 14H.
The bank portion 15 is previded to protrude in the +Z
direction from the bottom surface of the buffer flow
passage portion 14H. A narrow flow passage portion 14N,
which is narrower than the buffer flow passage portion 14H,
is defined between the bank portion 15 and the upper
surface (top plate portion 72B described later on) of the

nozzle member.
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portion 71C. The respective plate portions are joined to one another and
i ntegrated as one body. The second nenber 72 has a top plate portion 72B
which has its outer end connected to an upper end of the first nmenber 71,
an inclined plate portion 72C which has its upper end connected to an
inner end of the top plate portion 72B, and a bottomplate portion (plate
portion) 72D which is connected to a | ower _end of -the

i hed. pl ate
portion 72C. ﬁ@@6§éspec¥?vgxﬁ1éW@Oﬁép?PBhst%?é“T%?ﬁ%gmpgggnzﬁaﬁgther and

integrated as one body. The bottom surface of t buf fer assage
portion 14H isfpéﬂﬁﬁdgbyc?WRQ%%ﬂﬁ ﬁl§ﬂéSBOW?$%ﬁFJH$1§n§f%tﬁgg¥?¥gﬁ nenber 71.

The ceiling surface_of th buffer flao a i.0R114kbi s, f ogdred by
the | ower 50 surfac&26P ‘Pﬁetkf%pgjﬁsétt gngorg???)ﬁg%%&%}fst he second menber ~ 72.

The bottom surface of the_.inclj fl A0€; 5 POYiti0N s148ni8sé or med by
t he upper surf 6&“8% 9%é F%%I?%%EHXBIg?%gggﬁt?oﬁL71é'of the first member 71

(surface directed ,in,the difection,.ioward,the,p0ieet aen1epttcalo sySt em
PL). The ceili™ng sﬂrgace of the inclined ¥Iom1passage portion |4Sis

formed by the hgl r surface of the inclined plate portion 72C of the
second menber 7 surface directed in the direction opposite to the

proj ection optigﬁﬁsgiysteﬁhePh%ﬁnﬁthm@& tthenhhach i sieik platte portion 7WG of
the first nmenber 71 and the inclined plate portion 72C of the second

menber 72 is fornegd $0.be PBFtAsn Shaped:chhrasl its shaped ensupphyetiow

passage 14 is formed by conbining the first and
at an upper predetermined position of the side plate
portion 71A, an inclined plate portion 71C which has its
upper end connected to an inner end of the top plate
portion 71B, and a bottom plate portion 71D (see Fig. 3)
which is connected to a lower end of the inclined plate
portion 71C. The respective plate portions are joined to
one another and integrated as one body. The second member
72 has a top plate portion 72B which has its outer end
connected to an upper end of the first member 71, an
inclined plate portion 72C which has its upper end
connected to an inner end of the top plate portion 728, and
a bottom plate portion {(plate portion) 72D which is
connected to a lower end of the inclined plate portion 72C.
The respective plate portions are joined to one another and
integrated as one body. The bottom surface of the buffer
flow passage portion 14H is formed by the top plate portion
71R of the first member 71. The ceiling surface of the

puffer flow passage portion 14H is formed by the lowerxr
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second menbers 71, 72. The outer portion of the buffer flow passage
portion 14H is closed by the upper area of the side plate portion 71A of
the first nenber 71. The upper surface of the inclined plate portion 72C
of the second nenber 72 (i.e., the inner side surface 70T of the nozzle
menber 70) is opposed to the side surface PKT of the barrel PK of the
projection optical systemPL. [0070] The first recovery port 22 is provided
so that the fFrEfarecovetE FoPt P2otesPopploded 4o ofhEhgur ¢ ared dretire
substrate P over (above) the substrate P supported b¥ the substrate stage
PST. The first 'fecol®t VPdd® s55Facanal 15 oMt HecSultaeePdtq%fe substrate

P by predeterm’nggi first recover ort 22 1S prodee%

di . Th
out si de 51 thepPlrs?ngﬁ%%E%?ESFPe%Zbgeﬁ%ﬁeﬂgﬂgf f§?&ﬁ8? f oEW?Fﬁ?CHﬁ%ﬁ ection
area AR of thep?%ﬁ%e§%¢§¥xpgﬁbcgk %Métf$@%%r&%mf%OQRaQ§9r¥%$£‘éﬁ?ci%ﬁSt
por or mé

supply port 12: recovery I'S d'to surround the first

supply port 12, andh the Jiokacthon.ar ea AR sLe i el bey exposiy e oht

beam EL is radiated. Specifically, a space 2 IS ope ownwar dl y,

is formed by thgeside plAter-RQELi gR Eﬂ&,iﬁﬂqnehomeuagigs@%éip_ca}t@e% and
the inclined plate portion 71C of the first nenber 71. The first recovery

port 22 is foroedidyrd:hrqopening Obwéhessfrace 24. chbeihérsied goonery flow
passage 24 is formed by the space 24. The other end of the first recovery

tube 23 is conpectith tl@cacgarheofethed ddmislr recqyaryafd o passaygdn( space)

24 the direction opposite Lo the projection optical system
PL). Fach of the inclined plate portion 71C of the first
member 71 and the inclined plate portion 72C of the second
member 72 is formed tc be mortar-shaped. The slit-shaped
supply flow passage 14 is formed by combining the first and
second members 71, 72. The outer portion of the buffer
flow passage portion 14H is closed by the upper area of the
side plate portion 71A ¢f the first member 71. The upper
surface of the inclined plate portion 72C of the second
member 72 {(i.e., the inner side surface 70T of the nozzle
member 70} is oppoesed Lo the side surface PKT of the barrel
PK of the projection optical system PL.
[0070] The first receovery port 22 is provided so that
the first recovery port 22 is opposed to the surface of the
substrate P over {above) the substrate P supported by the
substrate stage PST. The first recovery port 22 is away

from the surface of the substrate P by predetermined

distances. The first recovery port 22 is provided outside
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[0071] A porous menber or perforated nenber 25, which has a plurality of
pores, is arranged in the first recovery port 22 so that the first
recovery port 22 is covered therewith. The porous menber 25 is fornmed of a
mesh menber having a plurality of pores. The porous nenber 25 can be
constructed, for exanple, with a nmesh nenber fornmed with a honeyconb

pattern conposed of a plurality of bstanti.al
porous nenber 25¢ §ifer ndPRY thﬁ g%ﬁ%}%@% aﬁggs%%%?gﬂ$ﬂ2§%§?brThe

exanpl e, a thickness, of about . 10 [ T bes b
formed by perfé?ﬁ?ﬁﬁtl?qﬁﬁ%%n%§f%g%%?oggéi%%ﬁnﬁngkgﬁggggnenﬁgﬁﬁaﬁﬁﬂh ?s

to serve as a base er, f 0 gqgggf f-or megc0F; r w¢anp
st ai nl ess steeFOFPSFggggh%ngké %§?6%?H%} p uraﬁf?y ogetﬁﬁaggfgfgishapege’

porous menbers. 25.can be ¢ amnated.anduanranged ist tshepl
pllyr sbrt ecovear ort
22 as well. The porous nmenber 25 may be subjected to a surface tregyngnt

to suppress thepgl UthoB-0f craMkd="RR bhyot Ahidte tHd resdpolsiugui didl prarg
surface treatnment ?o enhance the [|yophilic or quuid-at?ractiﬁ% property.
Such a surfacegst reatgBNitédc! wies iditneay reatspavaMfidchwehebm aneXt de i s
adhered to the porous nenber 25, including, for exanple, the "GOLDEP

WHI TE" treat menfowdkathiy, GOLDERmer dat wbAt sige aviaied Aoy tReBel &b, the
Eco-Sol utions Co., Ltd. Wen the surface treatment as described ove is
perforned, it itop passkbbertioraviditd #hd heorwehi it d \iiccRowbuPy o

of the first member 71. The first recovery port 22 is
formed by the opening of the space 24. The first recovery
flow passage 24 is formed by the space 24, The other end
of the first recovery tube 23 is connected to a part of the
first recovery flow passage (space) Z24.

{0071] A porous member Or perforated member 25, which
has a plurality of pores, is arranged in the first recovery
port 22 so that the first recovery port 22 is covered
therewith. The porous member 25 1is formed of a mesh member
having a plurality of pores. The porous member 25 can be
constructed, for example, with a mesh member formed with a
honeycomb pattern composed of a plurality of substantially
hexagonal pores. The porous member 25 is formed to be thin

plate-shaped, which has, for example, a thickness of about

100 pm.

{0072] The porous member 25 can be formed by performing

a perforating processing to a plate member which is to

serve as a base member for the porous member formed of, for
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ot herwi se caused, for exanple, such that any inpurity is eluted fromthe
porous nenber 25 to the first liquid LQL. The surface treatnent as

descri bed above nay be also perfornmed to the nozzle nmenber 70 (first and
second nmenbers 71, 72). The porous nenber 25 may be fornmed by using a
material (for exanple, titanium with which any inpurity is hardly eluted

Lo the first | iquhd:LOL: 003 The-gorele SERpAr. 79083,y 1 eof angul

shape as viewe an view. As shown in Fi'g. 3, the rst recovery

port 22 is forped f0: bg I amgnshaped-(Ravidg, & oshaReoels"52 {pplygon)) as
viewed in a plan viewto surround the projection area AR and the first

supply port 12a@Mnihed louelarsuhbage:ff cider neazl-e coeaberodp: Thesd hin 53
pl at e- shaped porous nenber 25 is arranged in the first recovery port 22.
The bottom pl atelpor tTion pekBuef nthper f 2§ stayerdenbitctsdats angad hetaween
the first recovery port 22 (porous nmenber 25) and the first supply port
12. The firsttsapphyntpdrd shppirsskorhedelwtize: arfnahar isput ishapedias
viewed in a plan view between the bottom plate portion 71D of the first
menber 71 and fhesbotivmdllafeopont bont 2D tofeatigatseconthaerberhe72. [ 0074]
The surfaces (lower surfaces) of the bottomplate portions 71D, 72D of the
nozzl e nmenber ¥OOriwhiich cdr d iuppPosklira ot e WpsEtit e Puelespertifisgley, are
flat surfaces which are parallel to the XY plane. That is, the nozzle
member 70 is pFbYA ORI Wit {UHEShBt B PItte IFortiiGhs chppium oxide is

adhered to the porous member 25, including, for example,
the "GOLDEP WHITE" treatment or the "GOLDEP" treatment
provided by Kobelco Eco-Solutions Co., Ltd. When the
surface treatment as described above is performed, it is
possible to avoid the inconvenience which would be
otherwise caused, for example, such that any impurity is
eluted from the porous member 25 to the first liguid LO1.
The surface treatment as described above may be also
performed to the nozzle member 70 (first and second members
71, 72). The porous member 25 may be formed by using a
material (for example, titanium) with which any impurity is
hardly eluted to the first liguid LQI1.

[0073] The nozzle member 70 has a rectangular shape as
viewed in a plan view. As shown in Fig. 3, the first
recovery port 22 is formed to be frame-shaped {(having a
shape of "O" (polygon)) as viewed in a plan view Lo
surround The projection area AR and the first supply port

12 on the lower surface of the nozzle member 70. The thin
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72D having the | ower surfaces which are forned to be opposed to the
surface of the substrate P (XY plane) supported by the substrate stage
PST, and substantially in parallel to the surface of the substrate P. In
this enbodinment, the |ower surface of the bottomplate portion 71D is
substantially flush with the | ower surface of the bottomplate portion

720, AL Lhis PORLLAD.LLNG AR S LRALeSTRL | A5t WRekespeghe Lo the surface

of the substra aced on the substrate stage PST. Accordingly, the

first liquid LQL.Gap,bs,satdsfagtarbbycsgt@ined hetwegnsibeor suhstrate P
and the bottom surfaces of the bottomplate portions 71D, 72D to formthe

first liquid immeessi @omedea: LRLarkAntbe SotdaM nGedeseri ptéodve thedrener
surfaces 54 (flat portions) of the bottomplate portions 71D, 72D, which
are formed to he opposed Hamiidie 2sur hacetiod thec swbstyaper® suppanticed by
the substrate stage PST, and substantially in parallel to the surface of
the substrate PifXY phane) pcarte ldppeoprimt@l o ef emnedat os ast“dltaapbdswsf ace
75" in conbination. [0075] The |and surface 75 is the surface which is

i ncluded in th&ipged| & rerdem Toeandetheeh e dotangedlate ot ositliPon
nearest to the substrate P supported by the substrate stage PST. In this
enmbodi ment, thefl eerfsiat aeabest 7¢ handothdraPItare PPEFEi BAT 71T aifd (e

| ower surface of the bottom plate portion 72D are coll ectively designated
as the land sGPfadecss! M580adsét he | ower surface of the

[0074] The surfaces (lower surfaces) cof the bottom plate
portions 71D, 72D of the nozzle member 70, which are
cpposed to the substrate P respectively, are flat surfaces
which are parallel to the XY plane. That is, the nozzle
member 70 is provided with the bottom plate portions 71D,
72D having the lower surfaces which are formed tc be
opposed to the surface of the substrate P (XY plane)
supported by the substrate stage PST, and substantially in
parallel to the surface of the substrate P. In this
empbodiment, the lower surface of the bottom plate portion
71D is substantially flush with the lower surface of the
bettom plate portion 72D. At this portion, the gap is the
smallest with respect to the surface of the substrate P
placed on the substrate stage PST. Accordingly, the first
liguid LQ1l can be satisfactorily retained between the
substrate P and the bottom surfaces of the bottom plate
portions 71D, 72D to form the first liguid immersion area

LR1. 1In the following description, the lower surfaces
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bottom plate portion 71D is substantially flush with the
the bottom plate portion 72D. However, the porous nenber

| ower surface of
25 may be al so

arranged on the | ower surface of the bottomplate portion 71D to provide a

part of the first recovery port 22. In this arrangenent,

only the | ower

surface of the bottomplate portion 72D is the |and surface 75. [0076] The
porous nenber 25 has a |ower surface 26 which 1is opposed to the substrate
P supported by khe: sihstitake o8t age Fteonl hA RQr pUS: MBRDET: 25 -5 provi ded
inthe first recovery port 22 so that the | ower surface 26 is inclined
with respect tenhihe s fraceeal tbhee suhistdat @ PraUpPpRrtede hyr dhe substrate
stage PST (i.e., the XY plane). That is, the 55 porous nenber 25, which is
provi ded in theufitisite ecevuepyrtparby 22e hadpsthecknetipedr sur faece (| ower
surface) 26 which is opposed to the surface of the substrate P supported
by the substratleststragelPSTinTherdlist dd giied su@Qfats sEcOversdstviact he

i nclined surface 26 of the porous nenber 25 arranged in the first recovery
port 22. That %Y gimnehi-sarar pppgemeteltheeffersedr ecoverlpot tsu2Zais
formed on the _inclined surface 26. The first recovery port 22 is formed
to surround thépridj éefPénaiea- AR onto which the exposure |ight beam EL
is radiated. Therefore, in this arrangenent, the inclined surface 26 of
the porous menb¥735 ar FRAgedN ns R Hed i st sr EboveryL#tst tvIPirli d5f ormed to

surround the projection area AR onto which the exposure |light beamEL is
included in the nozzle member 70 and which is arranged at

the position nearest to the substrate P supported by the

substrate stage PST. In this embodiment, the lower surface

of the bottom plate portion 71D and the lower surface of

the bottom plate portion 72D are collectively designated as
the land surface 75, because the lower surface of the
bottom plate portion 71D is substantially flush with the
lower surface of the bottom plate portion 72D. However,
the porous member 25 may be also arranged on the lower
surface of the boitom plate portion 71D to provide a part
of the first recovery port 22, In this arrangement, only
the lower surface of the bottom plate porticn 72D is the
land surface 75.

[0076] The porous member 25 has a lower surface 26 which
is opposed to the substrate P supported by the substrate
stage PST. The porous member 25 is provided in the first
recovery port 22 so that the lower surface 26 is inclined
with respect to the surface of the substrate P supported by

the substrate stage PST (i.e., the XY plane). That is, the
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radi ated. (0077] The inclined surface 26 of the porous nenber 25 opposed
to the substrate P is fornmed such that the spacing distance wth respect
to the surface of the substrate P is increased at positions separated
farther fromthe optical axis AX of the projection optical system PL
(exposure light beamEL). As shown in Fig. 3, the first recovery port 22
is formed to have a shape of "O' (polygon) as viewed in a plan viewin

this enbodi nentpofggrmefaﬁ@yswermﬁr&l 23A:10vi 4D @ ech%O%‘%Q@dr@@& anged
in the first recovery port . In particular, the porous nenbers 2 A, 25C,

which are arragrged2on ﬁ@@~@ﬁihxﬁﬂﬁ%%d!@u£h@c&i@Mﬂérdbh@%ébeﬂ_ﬁ§Q@ﬂﬂhﬂg
direction) with respect to the projection area AR 56 respectively, are

arranged so thats vheospaciag i shafees ow the regpectackort bepstrfaceof the
substrate P are increased at positions separated farther fromthe optical
axi s AX, with tthe subfaces: tdtergeofPstr. osshagt atstr ilghfuidngbesiswdoveaspect
to the XZ plane. The porous nenbers 25B, 25D, which are arranged on the
both sides in vhe Yhaxisclidiakctirdnoni eh eesPectocrousheepbeyetti on area AR
respectively, are arranged so that the spacing distances wth respect to
the surface of *Hergedstt dthe Flapé rpAeYersetPdt Zosi fhohsisephr ated
farther fromthe optical axis AX, with the surfaces thereof crossing at
right angles @& FR"PE8Pet T HESYZIBFATRLY [OUF82The FoWwBRd st fide of the

bottom pl ate port 1D
P pO 51ne surface 26. The first recovery port 22 is formed

to surround the projection area AR onto which the exposure
light beam EL is radiated. Therefore, in this arrangement,
the inclined surface 26 of the porous member 25 arranged in
the first recovery port 22 is formsd to surrcund the
projection area AR onto which the exposure light beam EL is
radiated.

[0077] The inclined surface 26 of the porous member 25
opposed to the substrate P is formed such that the spacing
distance with respect to the surface of the substrate P is
increased at positions separated farther from the optical
axis AX of the projection optical system PL (exposure light
beam EL). As shown in Fig. 3, the first recovery port 22
is formed to have a shape of "O" (polygon) as viewed in a
plan view in this embodiment. Four porous members 25A to
25D are combined and arranged in the first recovery port
22. In particular, the porous members 25A, 25C, which are
arranged on the both sides in the X axis direction

(scanning direction) with respect to the projection area AR
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connected to the lower end of the inclined plate portion 71C of the first
menber 71 and the | ower end of the side plate portion 71A are provided to
have approximately the sanme position (height) in the Z axis direction. The
porous nenber 25 is attached to the first recovery port 22 of the nozzle
menber 70 so that the inner edge of the inclined surface 26 has
approxi mately the_sanme height as _that of t 1 r surface,(l.and surface
75) of the bot 8%?%&a%%gﬂbrﬁfgnarfifgegﬁﬁjBﬁ?ti%ﬁ%rsgaﬁén%fd% ENE i ned
surface 26 is conti face 75) of the
wion he %«;% the EQ%‘%:?%E %% %L%@@%H]ES? e )

bottom pl ate portion hat 1's, and surface or e

conti nuously tS?néjﬂ@aéert@|a.itn%>@s§‘t!%ﬂ§es%Qté&‘%arﬂ%?uhgﬁ”@% i chie

porous nenber 25 is arrangéed so that t he spaci ng di stances are increased

W th respect tgxihenxsuifiacenef shihea subsiHatr fPcabsposht hons; gapamated
farther fromthe optical axis AX. A wall portion 76, which is fornmed by a

partial area ofitherdowen porthenxofpidie: sidee pbatespestborn 2k, i2so,
provi ded outside the outer edge of the inclined surface 26 (porous nenber
25). The wal | wipeit izore A& riesgprovidede afoittheiciescunf enent iatisedge of the
porous menber 25 (inclined surface 26) to surround the porous menber 25.
The wal | portidwasich priovi dedreat side:hd pecfiecstonegpv@rdR port 22 with
respect to the projection area AR in order to suppress the |eakage of the
first 1iquid IEFRTOORIY  Aapar froingdre Ssotthem phat eppoird ofi ST2D deer

with respect to the surface of the substrate P are

increased at poesitions separated farther from the optical

axis AX, with the surfaces thereof crossing at right angles

with respect to the YZ plane.

[oo781 The lower surface of the bottom plate portion 71D

connected to the lower end of the inclined plate portion

71C of the first member 71 and the lower end of the side

plate portion 71A are provided to have approximately the

same position (height)} in the Z axis direction. The porous

member 25 is attached to the first recovery port 22 of the

nozzle member 70 so that the inner edge of the inclined

surface 26 has approximately the same height as that of the

lower surface (land surface 75) of the bottom plate portion

71D, and the inner edge of the inclined surface 26 is

continucus to the lower surface (land surface 75) of the

bottom plate porticen 71D. That is, the land surface 795 is

formed continuocusly te the inclined surface 26 of the

porous member 25. The porous member 25 is arranged so that



formng the land surface 75 is arranged between the substrate P and the

| ower surface Ti of the first optical elenment LS1L of the projection optical
systemPL in relation to the Z axis direction. That is, a part of the
bottom plate portion 72D for formng the land surface 75 is provided
under the lower surface Ti of the optical elenent LS1 of the projection

optical system PL. Anzgﬁgnﬂg 5%%68 t hrough whi ch thg %%Fosure 'iéﬂg beam EL
r r m

passes, is formd & £7on" B $HE b &t Bte" portion 72D

o Che booect BExkang SHRCe R 10E PPEM L 14 D8s 8a8DaRe, AOREESPONT! 19

to the projection area A thi's odi ment’, 0 I ng ornmed to

have an el lipticcal, ¢p0ans JAwalsl Lhe Yaaxs dikeqbhofe(nopaeamning S8

direction) is the longitudinal direction. e opening 74 is formed to be

l'arger or greatglt,than, the, 10:8CLLOR &F &de ARweTNGcRXPOSUEE dHghtidkeam EL,
whi ch has passed through 'the projection optical systemPL, can arrive at

the surface obibhe sabstgratiaspd wst poskidel ngidiliaekedopusd eldipd diy the
bottom plate portion 72D. That is, the bottom plate portion 72D, which
forms the | andcBurface nkh] siusfaceangectoosmd hatokhe 2bpt t onhplwatled porti on
72D i s provided under the |ower surface Tl of the first optical elenent

LSi to surroungdotheooptd cal ppathdidrat hehrexposumd elrieght a beadgElofatthet he
position at which the optical path for the exposure |ight beamEL is not

di sturbed. | n pthews edsr e (Randinsdirfudaces 2ics 4pr angeelnrd S\ round t he

projection area AR ‘ _ _ ‘
porous member 25. The wall portion 76 is provided outside

the first recovery port 22 with respect to the projection
area AR in order to suppress the leakage of the first
ligquid LQ1.

[0079] A part of the bottom plate portion 72D for
forming the land surface 75 is arranged between the
substrate P and the lower surface Tl of the first optical
element LS1 of the projection optical system PL in relation
to the 7 axis direction. That is, a part of the bottom
plate portion 72D for forming the land surface 75 is
provided under the lower surface Tl of the optical element
LS1 of the projection optical system PL. An opening 74,
through which the exposure light beam EL passes, is formed
at a central portion of the bottom plate portion 72D which
forms the land surface 75. The opening 74 has a shape
corresponding to the projection area AR. In this
embodiment, the opening 74 is formed to have an elliptical

shape in which the Y axis direction (non-scanning
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bet ween the substrate P and the |ower surface Ti of the first optical

el enment LSi. The bottomplate portion 72D is arranged opposite to the
surface of the substrate P with the |ower surface thereof being the | and
surface 75. The bottom plate portion 72D is provided to make no cont act
with the substrate P and the |lower surface Ti of the first optical el enent
LS1. An edge portion 74E of the op enlqg 74 may be forned to be

ri ght-angl ed, S¢GEetamRy) e toe erpedra ln%&(ﬁ%ﬂﬁﬂ&é&“ [0@8@]09?P%qﬁ g4
arrangenment, the lLand surface 75 is arranged between the ection area
AR onto which the’ 0%&<§§§}&q i gheebea €19 &@@&téaeaﬁﬁog fe- i He 1557éd
surface 26 of e porous nenber i ch i ar range n the first 9
recovery port %g 5%?rﬁ%? %ﬁﬁ&nééﬁ%ﬁhbe?WI i rd© gSvePﬁss% rﬁhﬁﬁ?é%
arranged to su n rface 7 I e

surface 75 mﬁt%ﬂggggjéggio %g%gF3?e§ ?%% aréa%ﬁﬁ g%§lg§|§t§%féﬁq§%gﬁe t he

first supply Qﬁrﬁhel%ab%taﬁra&%ngeal%% &%t@eal%%ﬁieaugiagﬁlgﬁje(ab%g; Q.

plate portion 72D) with respect to the prolectlon area AR thi's

arrangement, thetfdd St SUPRloYRORt 742, | SpHYOVI de@hebgbw@&w glhae;efl rst
recovery port 22 and the projection area AR of the proj ection optical

system PL. Thepéitsdn |72qYi Ghik@Lrbofs fataningidt B -fiest 75| gk di i rawRfesi on
area LRl is supplied, via the first supply port 12, between the first

recovery port 22 and tthe poejeat pbatargs AR0f72Dhes proyeddd amdept iceal

system PL.
lower surface Tl of the first optical element LS1 to
surround the optical path for the exposure light beam EL at
the position at which the optical path for the exposure
light beam £L is not disturbed. In other words, the land
surface 75 is arranged to surround the projection area AR
between the substrate P and the lower surface Tl of the
first optical element LS1. The bottom plate portion 72D is
arranged oppcsite to the surface of the substrate P with
the lower surface thereof being the land surface 75. The
bottom plate porticon 72D is provided to make no contact
with the substrate P and the lower surface Tl of the first
optical element LS1. An edge portion 74E of the opening 74
may be formed to be right-angled, acute-~angled, or circular
arc-shaped.
[0080] In this arrangement, the land surface 75 is
arranged between the projection area AR onte which the

axposure light beam EL is radiated and the inclined surface

26 of the porous member 25 which is arranged in the first
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[ 0081] Thi s enbodi nent adopts such an arrangenent that the first recovery
port 22 is fornmed to have a shape of "O'" (polygon) to surround the |and
surface 75. However, the first recovery port 22 may be arranged such that
the first recovery port 22 does not surround the | and surface 75,
provided that the first recovery port 22 is disposed outside the |and
surface 75 with respect to the projection area AR For exanple, the first

recovery port Z2CREGTBePORF rzrged i A4S df T HEE e "Pn TpF ddet Er i Gied

areas, of the |lower_ surface of the nozzle er. 70, whi.ch di sposed
Utar e the | aRERLPeats o amrha oot rrarabe i v <LRaRAr i ot S on (x

axis direction, with respact 10,106, BLOJ SCLL AN, LD AR (Al Lgrnatively, the
first recovery por% 8022 nmay be arranged in a divided nannéer in

predetermi ned apgas..of he. Lover ssupface, of e iezzlecmeaber 70, i ch

are di sposed out and surface /5 on the both sides 1in

non-scanni ng digpect i on; £ Ya xS i LGELE QD) tid tind eSREGLE 05t so Py i ecti on
area AR On the other hand, when the first recovery port 22 is arranged to

surround the | andteSybiacen 7o)l ikt POSSEdL ecd aHeegevgEcthenfifsd Ar.quid
LQL via the first recovery port 22 nore reliably. [0082] As descri bed

above, the | andnsuniacgr/indsnenar,r angedi bet weasp hhecstbser as epRo-antkd he
| ower surface Ti of the first optical elenent LS1. The distance between
the surface obethessutisd riatmestP randvbhe pomer2 sunfdacéeTorof etheon farest
optical element LSl is |onger than the distance
AR of the projection optical system PL. The first liguid
LQ1l for forming the first liguid immersion area LR1 is
supplied, via the first supply port 12, bhetween the first
recovery port 22 and the projection area AR of the
projection optical system PL.
[0081] This embodiment adopts such an arrangement that
the first recovery port 22 is formed to have a shape of "O"
(polygon) to surround the land surface 75. However, the
first recovery port 22 may be arranged such that the first
recovery port 22 does not surround the land surface 75,
provided that the first recovery port 22 is disposed
outside the land surface 75 with respect to the projection
area AR. For example, the first recovery port 22 may be
arranged in a divided manner in predetermined areas, of the
lower surface of the nozzle member 70, which are disposed
outside the land surface 795 on the koth sides in the

scanning direction (X axis direction) with respect to the

projection area AR. Alternatively, the first recovery port
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between the | and surface 75 and the surface of the substrate P. That is,
the lower surface Ti of the first optical elenment LSl is fornmed at the
position higher than that of the land surface 75 (to be far fromthe
substrate P). [0083] At |least a part of the first recovery port 22

including the inclined surface 26 formed continuously to
75 is arranged opp05|te to the surface of the substrate

relation to the Z axi ction. That is t | eas
etovery port 95eda Rl e AP e s IS A P

t he

| and surface

P between the
substrate P anf?theY I\t rodgeface Ficbfidare memnstr 6BtPE%ﬁe§ﬁ¥ﬂﬁﬂ%¢ LSl in

t

irst

df %ﬁ& | ower

surface Ti of the éirst %Ptl% %glepeqtsur% gto ge near tébé{e ubstrate
|rs e

S

P). Inthis arrange it the f Fecovery port

Phc udlng

| i ned f i l i
inclined sur agﬁLéﬁh'feﬁi %ﬁ?ﬁga&PHQ ihe lyouwer sycface; Ji,

optical el ement

his e nent the dlstance

the first
etmeen t he

| oner surface Thsofcd he ftlhresgﬁ%@tt@@én %eerse@rR LStpande tBene MRRGI, SURLaCE T2

of the first optical elenment

I S about mm The di st ance between the

substrate P anghd hei dowetecostil agerd 1o 0f: 4 t&erfahgea opt ieatoelement 1L94,
i.e., the thickness of the liquid LQL in the optical path for the

exposure |ightsbemma£lrd,s iabobt pSssapiclhe dissbaneechet neest tiheilkandl

surface 75 and the substrate Pis about 1 mm The first liquid LQL of the
first liquid imerdiorfiasearkRlivery port 22 more reliably.
[0082] As described above, the land surface 75 is

arranged between the substrate P and the lower surface T1

of the first optical element LS1. The distance between the

surface of the substrate P and the lower surface Tl of the

first optical element LSi is longer than the distance

between the land surface 75 and the surface of the

substrate P. That i1s, the lower surface Tl of the first

optical element L31 is formed at the position higher than

that of the land surface 75 (to be far from the substrate

Pl

[0083] At least a part of the first recovery port 22

including the inclined surface 26 formed continuously to

the land surface 75 is arranged opposite to the surface of

the substrate P between the substrate P and the lower

surface Tl of the first optical element LS1 in relation to

the Z axis direction. That is, at least a part of the

first recovery port 22 is provided at the position lower

than that of the lower surface Tl of the first optical
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makes contact with the land surface 75. The first liquid LQL of the first
liquid imersion area LRL al so makes contact with the |ower surface Tl of
the first optical elenment LS1. That is, the land surface 75 and the | ower
surface Ti of the first optical elenent LSl serve as the |iquid contact
surfaces to nmake contact with the first liquid LQL of the first liquid

i mrersion area LRL. %0085 The di stance between the | ower surface T1 of the

first optical @P@W@ﬂ by QﬁﬁthéeﬁﬁpE? %Qﬁf%ﬂﬁ?tﬁfgﬁfgfhe T i P45 opti cal

elenent LS1 is not limte be set

d nd
i thin a rangeaaffaég%% i Affﬁétﬁ?sfaeiﬁ Bt %e%f%otvﬁslgu W rdte P and the
O

ne
nmm as descrlbea above, can be Se a range

consi dering th?fa9§9r9££§y1égtgﬁgq g§QH§H{eLSﬂ|ght bean1EL by the I|qU|d LQL

and the flow of the I1Tquid inthe first space KI. Further, the
di stance betweggoghje '&ﬂ@%§H%f%%%oﬁ§m§ﬂQ t@@a%ﬂ@&%&%EGbE%W§e£KEhéln1ted to
1 mm as described above as well, and can be set within a range of 0.5 to

1 nm [0086] The,Lowes, sitd ace o kAbi di contHat; sur kaegbndi n.of addarfd rst
optical element LSl of the projection optical systemPL has the

l'i qui d-attract pget hyr ot liCh fpeapert yst dgtitdals cevhedt nent ,id hevout
liquid-attracting treatnment is perfornmed to the | ower surface Ti. The

| oner surface Tlmef the digsihcepbeeatee! eetudsSkaite Pi gud delad tractd ve by

the surface Tl of the first optical element LS1, i.e., the
thickness of the ligquid LQ1 in the optical path £or the
exposure light beam EL is about 3 mm. The distance between
the land surface 75 and the substrate P is about 1 mm. The
first ligquid LQl of the first liguid immersion area LRI
makes contact with the land surface 75. The first liquid
LOl of the first liquid immersion area LR1 also makes
contact with the lower surface Tl of the first optical
element LS1. That is, the land surface 75 and the lower
surface Tl of the first optical element LS1 serve as the
ligquid contact surfaces to make contact with the first

liguid LQl of the first liquid immersion area LRI.

[0085] The distance between the lower surface Tl of the
first optical element LS1 and the upper surface TZ of the
first optical element LS1 is not limited to 4 mm as
described above, and can be set within a range of 3 to 10
mm. The distance between the substrate P and the lower

surface T1 of the first optical element LS81 is not limited
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aid of the liquid-attracting treatnent. The liquid- attracting treatnent is
al so perforned to the land surface 75 to have the liquid-attracting
property. The liquid- repelling treatnment nay be perforned to a part of the
| and surface 75 to have the liquid-repelling property. [0087] The
liquid-attracting treatnent, which is applied in order to make a
predeterm ned nmenber such _as the lower surface Ti of the first optica

el ement LS1 tot8e3l THUR Y-SR ATREE FROVE NCIRMESD P6r SBkatipFei™ & thE%enent

for adherin a qui d-attracting nat erlal uch as MyF 1203, and Si 02.
Nt ernar vory, S5s1fEe ?%M.C&&Sagsﬁ?%af b eagH © %aﬁ%eﬁxpﬁw&t. ng

t t t d- t r h opert can be
aIr gg ggpfz)rmad?l? u%%a exa ¥ Itg%ylg(rérfﬁgngd (atr% tgg %&] y)s agice
such as al COthlhf‘%{'{lge %ﬂ%‘tegpéé gi r U%M&e‘@ t Bk a&ﬂ?t&ﬁé@rﬂet%eew ovi ded

with the OH group, because the haV|n large polarity in

thi s embodi ment e Fusiher,  ahenyst Qﬁdft}ﬁétsmﬁ%ﬂx%@ @l ?QEHét LSy il S d Qiymgd of
calciumfluorite or silica glass, It is possible to obtain the

satisfactory hihqus daeadd saeti @gopéoggrwlp,veahd/\/@@ﬂ B8 biguit-aitid r-acting
treatnment is perforned, because calciumfluorite or silica glass has the
high affinity tefgsvai®era.sl tol 3§ passible to allowthe first liquid LQL to
make tight contact with the substantially entire surface of the | ower
surface Tl of (¢@86F¥irstThepllibeal ehefrnd (ShuiA pantaot #hefdand Qurface 75
(for exanple, the |lower surface of the bottom plate portion

the first optical element LS5l of the projection optical

system PL has the liquid-attracting (hydrophilic) property.

In this embodiment, the liquid-attracting treatment is

performed to the lower surface Ti. The lower surface Tl of

the first optical element LS1 is ligquid-attractive by the

aid of the liguid-attracting treatment. The liquid-

attracting treatment is also performed to the land surface

75 to have the liquid-attracting property. The liguid-

repelling treatment may be performed to a part of the land

surface 75 to have the liguid-repelling property.

[0087] The liquid-attracting treatment, which is applied

in order to make a predetermined member such as the lower

surface Tl of the first optical element LS1 to be liquid-

attractive, includes, for example, a treatment for adhering

a iiguid-attracting material such as MgF;, Al,0s, and S5i0,.

Alternatively, as for the liquid-attracting treatment

{water-attracting treatment), the liquid-attracting

property (hydrophilic property) can be also performed, for
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71D) may be liquid-repellent wwth respect to the first Iliquid LQL [0088]
The liquid-repelling treatnent, which is adopted in order to nake a part
of the land surface 75 to be liquid-repellent, includes, for exanple, a
treatment to adhere a liquid-repelling material including, for exanple,
fluorine-based materials such as pol ytetrafl uoroethylene (Teflon (trade
nane)), acrylic resin materials, and, .silicon-based %gsin mat eri,al s. When

the upper surf&8781e: ofY t HE™Uls r 4Pé st h i%s SHEA&PE" et 2°
liquid-repellent, ,then it is possible to, suppress .the I .t he first
liquid LQL to Fﬁgogﬁpsgﬁ%ﬁ%ﬁ %|%$§§SB§€%a%%r%£¥8ﬁ%§P§§ égy&%ﬁgw%%%gﬁhsurface
91) during the _liqui iU??E 1,QN ~&X e, .04 .11, 1S .p 1bhers o smpatdhl y
recover the Ii 6ngﬁgﬁ a eﬁh% g% @?éﬁ?a ?%%&&%ﬁ(E?eegggguéeL%slmelI, and it

i s possible tofh_a%\mlgd_lgbgeiwl%\i%@,i eAce, Wi Shwewththe ethenw seqncaused
such that the first liquid LQL refrains on the upper surface 91. [0089] In

order to supplypthe;tifstpd i di1k@inent.o1the fsubst bat eaPeiter nontire
unit CONT drives the first liquid supply section 11 to feed the first
liquid LQL fromyt Be1ifkrstadd,quicdisuppbyiseetiombthinThaef bastsfaguing LQL,
which is fed fromthe first liquid supply section 11, flows through the
first supply tubheuid;aanckdtieny thepkirrgt evéguitcen @l 1fikiowd-ant vatthercbuf f er
fl ow passage portion 14H of the first supply flow passage 14 of the nozzle
menber 70. Thetreatment is performed, because calcium fluorite or silica

glass has the high affinity for water. It i1s possible to

allow the first liquid LQ1 to make tight contact with the

substantially entire surface of the lower surface Tl of the

first optical element LS1. A part of the land surface 75

(for example, the lower surface of the bottom plate portion

71D) may be liquid-repellent with respect to the first

liguid LO1.

[0088] The liquid-repelling treatment, which is adopted

in order to make a part of the land surface 75 to be

liguid~repellent, includes, for example, a treatment to

adhere a liquid-repelling material including, for example,

fluorine-based materials such as polytetrafluoroethylene

(Teflon (trade name)), acrylic resin materials, and

silicon-based resin materials. When the upper surface 91

of the substrate stage PST is made to be liguid-repellent,

then it is possible to suppress the outflow of the first

liguid LQ1 to the outside of the substrate P (outside of

the upper surface 91) during the liguid immersion exposure,
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buffer flow passage portion 14H is the space which is expanded in the

hori zontal direction. The first liquid LQL, which has flown into the
buffer flow passage portion 14H flows to expand in the horizontal
direction. The bank portion 15 is fornmed in the inner area (on the side of
the optical axis AX) as the downstream side of the flow passage of t he

expanded over the entT T Fagi oh“BrOthey BUITER 6w JESEAgh bottin Hhan
and then the f quid. nce quE . After t he flrst uid LQL
is pooled in %%agﬁ%uﬂﬁk%otoﬁggég?ganedgpre ernlnea amount i bbﬁﬁé buf f er

fl ow passage pQ(f@;i&mt};le‘“i Q:%fntvgﬁllélgg% Iggérﬁ vjo%\'i%. p@f nglggw LSt ldd %i‘“ d LQl

is not |ess than the elg t of t nk portion e first liquid

LQL flow into then dmgl ied dhil-ow p§§§§@%@orﬁén@ané4§th@et@,@pé@rgﬁwacgow
passage portion 14N. The first liquid LQL, which has flown into the
inclined flow passage portion 14S, flows downwardly along the inclined

fl ow passage portion 145. The first liquid LQL is supplied fromthe first
supply port 1Ro@sd)p thensubstrate Fuasranged rarstheiqnvgengl aig:sSizde of
the projection optical systemPL. The first supply port 12 supplies the
first liquid Lot d lre substonateoP ddiamdome dpeskti oRe oversd he gsubstrate
P. [0090] Owming to the provision of the bank portion 15 as described
above, the firstpgpliquiedtiQh, 1dhtchidas ftHeown raut 1ifnom tde bidd emef | ow

passage portion 14H, is supplied onto
first liquid supply section 11. The first ligquid LQ1,
which is fed from the first liguid supply section 11, flows
through the first supply tube 13, and then the first liguid
LQl fiows into the buffer flow passage portiocn 14H of the
first supply flow passage 14 of the nozzle member 70. The
buffer flow passage portion 14H is the space which is
expanded in the horizontal direction. The first liquid
LQL, which has flown into the buffer flow passage portion
14H, flows to expand in the horizontal direction. The bank
portion 15 is formed in the inrer area {(on the side c¢f the
optical axis AX) as the downstream side of the flow passage
of the buffer flow passage portion 14H. Therefore, the
first liquid LQ1 is expanded over the entire region of the
buffer flow passage portion 14H, and then the first liquid
LO1 is once pooled. After the first liquid LQ1 is pooled
in an amount not less than a predetermined amount in the

buffer flow passage portion 14H (after the liguid level of

the first liquid LQ1l is not less than the height of the
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the substrate P substantially uniformy fromthe entire region of the
first supply port 12 fornmed annularly to surround the projection area AR
That is, if the bank portion 15 (narrow fl ow passage portion 14N) is not
formed, the flowrate of the first liquid LQL allowed to flow through the
inclined fl ow passage portion 14S is greater in the area disposed in the

vicinity of th%aggggggégﬂggrsgtk %4ﬁ9?%§ﬁﬁgﬁ%? Ikhr§ﬁoaupg£g {#ge 13 and

the buffer flo i‘on € "ot her areas. erefore,

the | 1quid supply, agbuny &0l I8 SULLACE, of) dNG;SURSLr ALe. By 4 BosOmetines

nonuni form at rfespective positions Irst supply port 12 which is

formed annul ar Ly SFvio RANDUF £RE £1 oW PASsAde 1BO! tidnci4thd ifsnmed
to be 66 proviEegsa?gﬁathéiﬁ%rrOM/flom1passageQ%%ftion 14N, and the liquid

supply to the figstosupploripRidt 124 sastagd ahafiter 1athecféust liquid LQAL
of the anmpbunt not |ess than the predetermned anount is pooled in the

buf fer flow passageardpf tdiamgléte Thelefiod el dvheafisegt bbguich LIS .can be
supplied onto the substrate Pin the state in which the flowrate

di stribution amdet herét o argldociotly idi stppbidd oircmarceeuhi £ of nd el atearive
respective positions of the first supply port 12. Any bubble tends to
remain, for exaapbeto tporsutisérstarf afrdmeeduppltye aAnppe VidihitifdeorPit he
angul ar corner portion 17 of the first supply flow passage 14. However,
the narrow fl owhpassaiecigeort icpitaN PEsEoRld by hendirohi AgPrhe H9Gist!2

supply flow passage 14 in the vicinity
supplies the first liquid LQl onto the substrate P from the

position over the substrate P.

[0G090] Owing to the provision of the bank portion 15 as
described above, the first iliguid LQ1, which has flown out
from the buffer flow passage portion 14H, is supplied onto
the substrate P substantially uniformly from the entire
region of the first supply port 12 formed annularly to
surround the prejecticn area AR. That is, if the bank
portion 15 (narrow flow passage portion 14N) is not formed,
the flow rate of the first liquid LQ1l allowed to flow
through the inclined flow passage portion 145 is greater in
the area disposed in the vicinity of the connecting section
between the first supply tube 13 and the buffer flow
passage portion 14H than in the other areas. Therefore,
the liguid supply amount for the surface cf the substrate P
is sometimes nonuniform at respective positions of the
first supply port 12 which is formed annularly. However,

the buffer flow passage porticn 14H is formed to be
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of the angular corner portion 17. Accordingly, the high velocity is
obtained for the flowrate of the first liquid LQL flow ng through the
narrow fl ow passage portion 14N. The bubbl e can be discharged to the
outside of the first supply flow passage 14 via the first supply port 12
in accordance with the flow of the first quuid LQL having the high

vel ocity. When the,LLaul] e 3E00-EXPOSHTS. . aner AL 0D) 51 et edaf et

di scharging th exposure proc R e perforned in € state

in which any bubble is,ARsent (hp Ehesfil 1'3) %%'rq hpRLSLon-alea ARl The

bank portion 15 may be provided to protru I'n'the -Z direction fromthe

ceiling SUFfaC@h@ffiﬁﬁ:QHk&@B.ib@“bfp§§§a£ﬁnﬁ&f%b@nléébit$£hFHW§CID|e it
is enough that the 67 narrow flow passage portion 14N, which is narrower

than the buffpredidoyrrpassagecpatt i onpddidd iis: previbdedeonsidie pdownst ream
side of the flow passage as conpared with the buffer flow passage portion
14H. [0091] Theoheightlof. t hacbafkrporthonfikstmyched patrtdeal Ihe | ower ed
(rai sed). When the bank portion 15 is provided with the area which
partially has awmyptidd emgnt thhebght{rite BSuppltyecobtihe far@tidh quied LQL
fromthe first supply port 12 can be started at any partially different
timng. Therefdt@y iatd sligssdbbkéoroandditg: thewr grabalhy doftriuitgas
(bubble) in the liquid for formng the liquid inmrersion area AR2 when the
supply of firstTeiHifPaéeersatstaet BEratisenaepdelgns e Buf fidr sl ow

passage portlon ,
supply port 12. Any bubble tends to remain, for example,

upon the start of the supply in the vicinity of the angular
cerner portion 17 of the first supply flow passage 14.
However, the narrow flow passage portion 14N is formed by
narrowing the first supply flow passage 14 in the vicinity
of the angular corner portion 17. Accordingly, the high
velocity is obtained for the flow rate of the first liguid
Ll flowing through the narrow flow passage portion 14N.
The bubbkle can be discharged to the outside of the first
supply flow passage 14 via the first supply port 12 in
accordance with the flow of the first liguid LQ1 having the
high velocity. When the liquid immersion exposure
operation is executed after discharging the bubble, the
exposure process can be performed in the state in which any
bubble is absent in the first ligquid immersion area LRI1.
The bank portion 15 may be provided to protrude in the -Z
direction from the ceiling surface of the buffer flow

passage portion 14H. In principle, it is enough that the
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14H may be divided into a plurality of flow passages to successfully
supply the liquid LQin different anobunts depending on the positions of
the slit-shaped liquid supply port 12. [0092] In order to recover the
liquid LQL fromthe surface of the substrate P, the control unit CONT
drives the first liquid recovery section 21. Wien the first Iliquid

recovery section by WhbeMJas JNBasimaySteod o RkYSher it il d

LQL, which is sposed on substrate , s allowed to flowinto the

first recovery fl-oW PaSSRYS: s A eV i@ i hEnf L ES] irgegg\befrmga%h 27 ar ranged
wi th the porous nenber 25. When the first liquid LQL in the first liquid

i mrer si on ar eagbBRlskscERCOMRS e, thihe rhowefasiidace 6dmpbhneli neth sund ace) 26
of the porous nenber 25 makes contact wth the first liquid LQL. The first
recovery port 22f7feporos gerdere 2d)tisnprovi ded over (above) the substrate
P to oppose to the substrate P. Therefore, the first recovery port 22
(porous nenber [25p1] ecovits Highfti St théilganid do@k ifonoibt heysioe f ace of the
substrate P fromthe position thereover. The first liquid LQL, which has
flown into theatkisllyetowarey f(lrewspdssagehdd tifd vaskt hpougbnthe isir st
recovery tube 23, and then the first liquid LQL is recovered by the first
li qui d recover preetteadnl th3093paNekichtiver tsleddyd beisqand § hfeesiron
mechanism2 wll be explained with reference to Figs. 4, 5, 6, and 7.
[0094] Wth reheieghte the Huprly, ofhéhej fsestoptied LQL from the first

supply port 12 can be started at any partially different
timing. Therefore, it is possible to avoid the remaining
of the gas (bubkle) in the liquid for forming the liguid
immersion area AR2 when the supply of first liguid LQI is
started. Alternatively, the buffer flow passage portion
14H may be divided into a plurality of flow passages to
successfully supply the liguid LQ in different amounts
depending on the positions of the slit-shaped liquid supply
port 12.

[0082] In order to recover the liquid LQ1 from the
surface of the substrate P, the control unit CONT drives
the first liguid recovery section 21. When the first
liquid recovery section 21, which has the vacuum system, is
driven, the liguid LQl, which is disposed on the substrate
P, is allowed to flow intc the first recovery flow passage
24 via the first recovery port 22 arranged with the porous
member 25. When the first liquid LQ1l in the first liquid

immersion area LR1 is recovered, the lower surface
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el ement LSl and the second optical element LS2 are supported by the sanme
barrel (support nenber) PK, and they are supported in the substantially
stationary state with respect to the optical path for the exposure |ight
beam EL. The first optical elenment LSl is supported by a first support
section 91 which is provided at the lower end of the barrel PK. The second

optical elenen S, SUpR ort d, b second su ti an 92 which is
provi ded over R% S%Vé Fﬁr z ng%%g?Feébctlongng ?% m%é??éfnﬁﬁc

flange portion, F2, whi cﬂr%%r\ﬂzguéﬁe Lo LRREC e A 2

provi ded at an upper portion o optica The second

support secti op,&2,usSURRPLES 2ENe; second Qpf ical: QEEB@@? éﬁg:QMm§H@E@rb'n9
the 69 flange portion F2. The first optical element LSl is easil

att achabl e/ det eghghl® amiloh thespesit t0-d he fihstkeSYPPOrtne SeCidtoNn 91 of the
barrel PK. That is, the first optical elenment LSl is provided

exchangeabl y. iécaﬁbﬁy soral bowabbecud hatrithe 26 r skcsupporihsettdsen 91,

whi ch supports the first optical elenent LS1, may be attachabl e/ detachabl e
W th respect liguine IS8cdmdmsuppostr &ect icdn t82, sandttde: fR ristom sbhpport
section 91 and the first optical elenent LS1 may be exchanged together.
[0095] The firstsigptarcaheekerment L3ie ifs wwtpdighidl Ll atwhigiratres ifhowhi ch
the |l ower surface Tl and the upper surface T2 are in parallel to one

anot her. The |bWer t9er fagetTrecarrirt He amppesssdef ate Toowy dhsgbstanbral |y

in parallel to
P first recovery tube 23, and then the first liguid LQl is

recovered by the first liquid recovery section 21,

[0083] Next, the second liguid immersion mechanism 2
will be explained with reference to Figs. 4, 5, 6, and 7.
[0094] With reference to Fig. 4, the first optical
element LS1 and the second optical slement LS2 are
supported by the same barrel (support member) PK, and they
are supported in the substantially staticonary state with
respect to the optical path for the exposure light beam EL.
The first optical element LS1 is supported by a first
support section 91 which is provided at the lower end of
the barrel PK. The second optical element LS82 is supported
by a second support section 92 which is provided over
{(above) the first support section 91 in the barrel PK. A
flange portion F2, which serves as a support objective
portion, is provided at an upper portion of the second
optical element LS2. The second support section 82

supports the second optical element LS2 by supporting the
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the XY plane. The surface of the substrate P supported by the substrate
stage PST is substantially in parallel to the XY plane. Therefore, the

| ower surface Ti and the upper surface T2 are substantially in parallel to
the surface of the substrate P supported by the substrate stage PST. The

| ower surface Ti of the first optical elenment LSI supported by the first

support secti0@+%ég%2%$%g§taqﬁ{alExef%E§Q53%§J%ﬂ$ih%l%%g§£ ?%%tﬁiﬁﬁBEQVOf

the barrel PK nfﬁ1ate portion ic r s face

75, extends undet, fhe schubhace; T ol the fir st opiicalsglement LSl
.10

and the | ower surface of the barrel 096] The I ower ‘'surface T3 of

the second optigal; @l ey ha2pLs Lorped to e ikl athsuefage-shaped. The
| ower 70 surface T3 of the second optical elenent LS2 supported by the

second support $eabhOMLI2 ilsS psubshant éathynddnmngr.al el istorddes uppeble
surface T2 of the first optical elenment LSI supported by the first support
section 91. Onthhe oiderirstandppbbe spperorsuwrif,aceitd shpbhetsedandiaepti ca
elenent LS2 is fornmed to be convex toward the object plane (toward the
mask M, and hastacposiltdmemtr @flachiyebpowsrachabderdengtlysbiderirtéf | ecti on
|l oss of the Iight beam (exposure |ight beamEL) allowed to come into the
upper surfacerdgpést rieduded seCondeguemily sadid ohaPge dnagensifdestnuneri cal
aperture of the projection optical systemPL is secured. The second
optical el emensuliS2et \iificth wadlt had tid rEctitversonel ¢Leneny Untt Mew) Peis
supported by the

exchanged together.

[0095] The first optical element LS1 is a parallel flat

plate, in which the lower surface Tl and the upper surface

T2 are in parallel to one another. The lower surface T1

and the upper surface T2 are substantially in parallel tc

the XY plane. The surface of the substrate P supported by

the substrate stage PST is substantially in parallel to the

XY plane. Therefore, Lhe lower surface Tl and the upper

surface T2 are substantially in parallel to the surface of

the substrate P supported by the substrate stage PST. The

lower surface T1 of the first optical element LS1 supported

by the first support section 91 is substantially flush with

the lower surface PKA of the barrel PK. The bottom plate

portion 723, which forms the land surface 75, extends under

the lower surface T1 of the first coptical element LS1 and

the lower surface PKA of the barrel PK.

[0096] The lower surface T3 of the second optical

element LS2 is formed to be flat surface-shaped. The lower
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second support section 92 of the barrel PKin the state of being
positioned satisfactorily. [0097] In this enbodinent, the outer dianeter D3
of the Ilower surface T3 of the second optical elenent LS2 opposed to the
first optical elenent LS1 is formed to be smaller than the outer dianeter
D2 of the upper surface T2 of the first optical elenent LS1. [0098] As

descri bed above, the e eam EL . passes thr h the respective
pr edet er ni ned ﬁPﬁggc%f%f t%ﬁpé CeUf f e §ﬁ§mFH§ Pégegu%Qﬁ¥%%% 3 of

t he second el ement LS2. Further,,the e RQSU ht beam-EL
passes throughkbﬁe respectf?% %reae%%?%1%% :%fﬁgégo by ng lné%”?ﬁ&face T2

and the | ower sur{ace, Lol bhactipato7l pti.cal. gle: 95 %I{%O%%%l For

exarrpl e, the connect ortion et ween t arre I rst

optical elenent,LSli& $8aled. flIQ@tsugpom%efat&% §@aceolk<ltf¢é sposed on the
side of the Ilower surface Ti of the first optical elenent LS1 and the

second space KRaglhspasedipRrt Barghde 0f dheeppetosHr bgeecalZ Rfndre first
optical element LSl are the spaces which are independent from each other.

The flow of thestipuifbrired proBebttedbeioreen tthe bbrstt spaee Kk anddt he
second space K2. As described above, the first space Kl is the space
between the fitis¢ ol ¢al, ehemeat &Sloand deheeSubstiatepdver The fir st
liquid imersion area LRI of the first liquid LQL is fornmed in the first
space Ki1. On t hecotdigrglyandhet heflection loss of the light beam

(exposure light beam EL) allowed to come into the upper
surface T4 is reduced. Consequently, the large image side
numerical aperture of the projection optical system PL is
secured. The second optical element LSZ, which has the
refractive power (lens function), is supported by the
second support section 92 of the barrel PK in the state of
being positicned satisfactorily.

[0087] In this embodiment, the outer diameter D3 of the
iower surface T2 of the second optical element LSZ oppesed
to the first optical element LS1 is formed to be smailer
than the outer diameter D2 of the upper surface T2 of the
first optical element LS1.

[0098] As described above, the exposure light beam EL
passes through the respective predetermined areas of the
upper surface T4 and the lower surface T3 of the second
optical element LS32. Further, the exposure iight beam EL
passes through the respective predetermined areas of the

upper surface TZ and the lower surface Tl of the first
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second space K2 is a part of the internal space of the barrel PK. The
second space K2 is the space disposed between the upper surface T2 of the
first optical elenent LS1 and the |lower surface T3 of the second opti cal
el ement LS2 arranged thereover. The second liquid i mrersion area LR2 of
the second liquid LQ2 is forned in the second space K2. A gap is provided
bet ween the side_sur ace C2 OESHhe second optical element LS2 and the

i nner side surPREESPRE Bt héBarrel PK. [0100] As shown in Fig. 4, the

other end of a §8§9£d34 <Bpk¥ﬁ&§9% 3§h%2$§%?ggﬁ%ggﬁ$gtggg ﬁ€9” Ihﬁﬁ%econd

supply fIOM/p&ssag or me ntfhe the ot , the
other end of {he.second supRly. fhow Passage 34 gl t2rbhe; barLelo LK is
ply menber g

connected to a sup arran inside (in the internal space of)

the barrel Bk ofbe ;SUDBlY MBARCLED, K0T EILIS Y LANGRO Lisd Ao the barrel
PK, has a liquid supply port 32 For supplying the second liquid LQ to

the second spagg,K2. sdySipply Llrownpagsage 3 icaihe@ugbnwhi,ch ddie ssecond
liquid LQ2 flows, is forned in the supply nmenber 35. The connecting

portion of thesseeentspSPMy dfilspwspassagdens34 Wet bfr eapeappdo fhefasuppl y
menber 35 (supply flow passage 36) is provided in the vicinity of the
second space K22oafttiee ifinet sipdecsur & aee=RKAQ.df atrketbar spdcePyhilcd®101] The
ot her end of the second recovery tube 43 is connected to one end of a
second recover yré| owiqassge 4§4om each other. The flow of the liquid is

prohibited between the first space Kl and the second space
K2. BAs described above, the first space Kl is the space
between the first optical element LS51 and the substrate P.
The first liguid immersion area LR1 of the first liquid LQ1
is formed in the first space Kl1. On the other hand, the
second space K2 is a part of the internal space of the
barrel PK. The second space KZ is the space disposed
between the upper surface T2 of the first optical element
L3l and the lower surface T3 of the second optical element
L32 arranged thereover. The second ligquid immersion area
LR2 of the second liquid L2 is formed in the second space
K2. A gap is provided between the side surface CZ of the
second optical element LS52 and the inner side surface PKC
0f the barrel PK.

f0100] As shown in Fig. 4, the other end of a second
supply tube 33 is connected to one end of a second supply
filow passage 34 formed in the barrel PK. ©On the other

hand, the other end of the second supply flow passage 34 of
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formed in the barrel PK On the other hand, the other end of the second
recovery flow passage 44 of the barrel PKis connected to a recovery

menber 45 arranged inside (in the internal space of) the barrel PK The
recovery nenber 45, which is arranged inside the barrel PK, has liquid
recovery ports 42 for recovering the second liquid LQ fromthe second

space K2. A reeauery. {d0WiPassage, 4, .4 N oUIN b ehaekhie, second 1l au d L2

flows, is formed in the recovery ne nnecti1ng portion of the

second recoveryns{hoW nassage ndd Whi hsfaspest) 1ot Rg Lecoyery Jrmmber 45
(recovery flow passage 46) is provided in the vicinity of the second space

K2 on the innegushoe rdiifeacesPKGhOERt N s barely PKsidd £0402]-rEhe pxi, qui d
supply port 32, the supply nenber 35 (supply flow passage 36), the second
supply flow passage 1i3diicardpbhe secoOnEk siHplsyphbubend3teonsdsdret 1dqpact of
the second liquid supply nechanism 30 (second liquid i mrersion mechanism
2). The liqui diLg¢zcoverhe percbsdd2pathekT ecovenypplyeiber dbs{awcaery fl ow
passage 46), the second recovery flow passage 44, and the second recovery
t ube 43 const rieroug: pdrichof-hthee serdndi duiguilé2r é¢over yipebhamids mngBhe
(second liquid imersion mechanism?2). In the follow ng description, the
liquid supply perrlBregerhéosectnt ¢t incmrersion aechanismoad s
appropriately referred to as "second supply port 32", and the liquid
recovery port FEPR¥Y HlRE acsade| Fyuiidh msPSContReEhant gLy ngrmber 35

appropriately {(supply flow passace 36) is provided in the vicinity of the
second space K2 on the inner side surface PKC of the barrel
PK.
[0101] The other end of the second recovery tube 43 is
connected to one end of a second recovery flow passage 44
formed in the barrel PK. On the other hand, the other end
of the second recovery flow passage 44 of the barrel PK is
connected to a recovery member 45 arranged inside {in the
internal space of) the barrel PK. The recovery member 45,
which is arranged inside the barrel PK, has liguid recovery
ports 42 for recovering the second liquid LQO2 from the
second space K2. A recovery flow passage 46, through which
the second liguid LO2 flows, is formed in the recovery
member 45. The connecting portion of the second recovery
flow passage 44 with respect to the recovery member 45
(recovery flow passage 46) is provided in the vicinity of
the second space KZ on the inner side surface PKC of the

barrel PK.
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referred to as "second recovery port 42". [0103] Fig. 5 illustrates the
second liquid imrersion mnmechanism?2 for formng the second liquid

i mersion area LR2, wherein Fig. 5(a) shows a side view, and Fig. 5(b)
shows a view taken along a line A-A shown in Fig. 5(a). As shown in Fig.
5, the supply nenber 35 is constructed of a shaft-shaped nenber extending

in the horiZO”H%EOQEreCt%ﬁHLlﬁﬁdldt@H§?§Pb§6§ﬂ“§§ﬂ ﬂh@es§g$P%YméHm%QeG535 i s

arranged on the +X side of the pre erm ned area AR he upper surface

T2 of the firsgsggg%gﬁiééw Nt gkSet hr oyghs Wi Ch @%RASUE oy | h Hakeam EL

passes. The supply 5 1sprovided to extend in the X axis

direction. Onesgnd.gf the suURPlY shhew passage 2Hshenordai petheosuppl y
menber 35 is connected to 74 the other end of the second supply flow

passage 34 (se@echh@.1AjufOrgmebliynntbeabidni 30 Rikecthe ofbetd endneofs itohe
supply flow passage 36 Is connected to the second supply port 32. The
second supply petchadsm 2 )f.or mee saqgtibhat rédbherersegondssdppl yhporec@2nys
directed toward the -X side. The second supply port 32 discharges the
second |iquid kERbesubSt Gredaldry ifnoparasiaie t4P)thehgpperordirfeae® €FY of the
first optical elenent LS1, i.e., substantially in parallel to the XY plane
(in the | ateralfldiireet$aorn .44ThenseEbadsesupplippart v32ube { hecFeddn®H i qui d
i rmer sion mechanism?2 is arranged_in the second space K2. Therefore, the
second |iqui dasBppF yoEddts GitRd $1EBARetIBY 4 tRENEBEBRA! S pEREFOR2, for

exanpl e, via the second supply tube 33, the second )
P liquid immeréy%AYHechanism %). In the following

description, the liquid supply port 32 of the second liquid
immersion mechanism 2 is appropriately referred to as
"second supply port 32", and the liquid recovery port 42 of
the second liquid immersion mechanism 2 is appropriately
referred to as "second recovery port 42".

[0103] Fig. 5 illustrates the second liguid immersion
mechanism 2 for forming the second liquid immersion area
LR2, wherein Fig. 5(a) shows a side view, and Fig. 5(b)
shows a view taken along a line A-A shown in Fig. 5{a). As
shown in Fig. 5, the supply member 35 is constructed of a
shaft-shaped member extending in the horizontal direction.
In this embodiment, the supply member 35 is arranged on the
+¥X side of the predetermined area AR' of the upper surface
T2 of the first optical element LS1 through which exposure
light beam EL passes. The supply member 35 is provided to
extend in the ¥ axis direction. One end of the supply flow

passage 36 formed in the supply member 35 is connected to

74



supply flow passage 34, and the second supply port 32. [0104] Gaps are
provi ded between the supply nenber 35 and the upper surface T2 of the
first optical elenent LS1 and between the supply nenber 35 and the | ower
surface T3 of the second optical elenment LS2 respectively. That is, the
supply menber 35 is supported by the barrel PK or a predeterm ned support

mechani sm so t tef‘g Lhe. suppl v g@ggegecgﬁga§§%$ fan- gggggﬁé $4 a{ e wth

respect to the first “opti cal ment hé seCo ptical” el enent

LS2 respectively. fecordinglyy, chhepyipration, Mol chnis -ggngFated in the
supply menber 35; is prevented frombeing directly transmtted to the

first and secopdpopti€rdu 8l-2mBRt S6LSY, cdidec LRt RESHPRLY: NBIFAr, 35 is

allowed to 75 be 1n the non-contact state with respect to the first

optical el enenpokS1l3and Mhe sseecandseppi egboal erent ES2Zmenespeatdwvely, it is
possi ble to suppress the change of the shape of each of the first optical
el emrent LSl andettwed seggond pepti éal iel @menitddS2owkidSthet-X Ssiphssi lihe to
mai ntain the high image formation performance of the projection optical
system PL. [0188}oTheswupp womenber dB&clisrgarovitded eabnthbi o tlicen  at

whi ch the radiation of the exposure |light beam EL is not disturbed, i.e.,
out si de the predetteriiidd varearARe1bfl tte thepperesuphatecd rdfof trdief i r st
optical element LS1 thr_ougih whi ch the exposure |ight beam EL passes. The
second supply Tpott FFiceiaetangetl Bt He predebetahedl bosit ikiFBetheen

to the XY plane (in the lateral direction). The second
supply port 32 of the second liguid immersion mechanism 2
is arranged in the second space K2. Therefore, the second
liguid supply section 31 is connected te the second space
K2, for example, via the second supply tube 33, the second
supply flow passage 34, and the second supply port 32.
[0104] Gaps are provided between the supply member 35
and the upper surface T2 of the first optical element LS1
and between the supply member 35 and the lower surface T3
of the second optical element LS2 respectively. That is,
the supply member 35 is supported by the barrel PK or a
predetermined support mechanism so that the supply member
35 is in a non-contact state with respect to the first
optical element LS1 and the second optical element LS2
respectively. Accordingly, the vibration, which is
generated in the supply member 35, is prevented from being
directly transmitted to the first and second optical

elements LS1, LS2. When the supply member 35 is allowed to
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the predeterm ned area AR and the edge portion of the wupper surface T2 of
the first optical elenment LSl in the second space K2. [0106] Wen the
control unit CONT is operated to feed the second liquid LQ fromthe
second liquid supply section 31 of the second |iquid supply mechani sm 30
in order to formthe second liquid imersion area LR2, then the second

liquid LQ2, whigh.is 90 S bl Qi G SRR sgetkon,31, flows
t hrough t he seg%néhsﬁégﬁﬁgéu éH%%F gggegthen t he seco%g liquid LQ flows

into one end of, fhe,secontknSupnl ¥inkl OUe Passage 34 ifannedeinnt hesbarrel PK.
The liquid LQ, which has flow into one end of the second supply fl ow

passage 34, fluspthtoughyt he: secendssuppl yo fdpppRassapge Fhadds @ndHehen
the liquid LQ flows into one end of the supply flow passage 36 of the
supply menber 35apenaectech tax thke fathercend:4herleofentThélsecondh 4 i qui d
L2, which has flown into one end of the supply fl ow passage 36, flows

t hrough t he suppkynfll opt paskagen@dt afd.t hBmthetsecondssipgaid LQ2 is
supplied to the second space K2 via the second supply port 32. The second
liquid LQR, whirghnhasr Beerhisippiced £eon e wdrsappl 9t pert 32,
locally fornms the second liquid imersion area LR2 in only a partial area
of the upper s®rPagetipn ofrtitelf isystedpttcal el ement LS1, the partial area
bei ng smaller than the upper surface T2 and the partial area beiqgé)reater

than the predetl@tfifhed ‘HhresURRIvt REBEGR whith R E%G080r 7T i it EL

passes. o . ‘
at which the radiation of the exposure light beam EL 1s not

disturbed, i.e., outside the predetermined area AR' of the
upper surface T2 of the first optical element LS1 through
which the exposure light beam EL passes. The second supply
port 32 is arranged at the predetermined position between
the predetermined area AR' and the edge portion of the
upper surface T2 of the first optical element LS1 in the
second space KZ.

[0106] When the control unit CONT is operated to feed
the second liquid LQ2 from the second liquid supply section
31 of the second liguid supply mechanism 30 in order to
form the second liquid immersion area LR2, then the second
ligquid L2, which is fed from the second ligquid supply
section 31, flows through the second supply tube 33, and
then the second liquid LQ2 flows into one end of the second
supply flow passage 34 formed in the barrel PK. The liquid
LQ2, which has flown into one end of the second supply flow

passage 34, flows through the second supply flow passage
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The second liquid LQ2, which has been supplied to the space between the
first optical elenent LS1 and the second optical elenent LS2, is retained
by the surface tension between the upper surface T2 of the first optical
element LS1 and the | ower surface T3 of the second optical element LS2.
The second liquid LQ in the second liquid imersion area LR2 nakes

contact with tggrfﬁgéigﬁe@gggﬁ?Eﬁ%gngggefkmayQQQ%eo}%mg%ﬂtgﬁegﬂgst opti cal

el enent LS1, a e secon q makes contac

substantially enpbig M fa8.at bheokomer sulace J3.of sthe, second qpti cal

el enent LS2. As descri bed above, the outer dianeter ower

surface T3 of the secondkptireaboel ement 45245 1:9m8h4l b2t hani dihe,Qut er
di aneter D2 of the upper surface T2 77 of the first optical elenent LS1.

Therefore, therseeonthtd icHd @dnkiQ3z whé hswhiioh tike spasegbetweenmdde first
optical elenent LS1 and the second optical elenent LS2 is filled, can
form the secontdhkéguit dchemernsilonfaceapdifRaghixch iasid shahl ere tdhatoriche upper
surface T2 of the first optical elenent LS1, below the | ower surface T3 of
the second optigaldel®@rem susRliabove the apped spefack2 TRioftiee first
optical elenment LS1). [0107] In this enbodi nent, the distance between the
upper surface T2Cotd tHPHlv Peropbical Tlet exmrand Siqand Ehe, Wlovwr hegr face T3

of the second optical elenent LS2, i.e., the thickness of the liquid LQ
in the optical ®p&t PYG it39e TreRpbRear e F9hts Bedm ERTEs3abolecal I oMdwever

t he o .
the second liguid immersion area LRZ in only a partial area

of the upper surface T2 of the first optical element LSI1,
the partial area being smaller than the upper surface T2
and the partial area being greater than the predetermined
area AR' through which the exposure light beam EL passes.
The second liquid LQ2, which has been supplied to the space
between the first optical element LS1 and the second
optical element LS2, is retained by the surface tension
petween the upper surface T2 of the first optical element
LS1 and the lower surface T2 of the second optical element
L32. The second liguid LQZ in the second ligquid immersion
area LRZ makes contact with the partial area of the upper
surface T2 of the first optical element LS1l, and the second
liguid LQ2Z makes contact with the substantially entire
surface of the lower surface T3 of the second optical
element LS2. As described above, the outer diameter D3 of
the lower surface T3 of the second optical element LS2 is

smaller than the outer diameter D2 of the upper surface T2
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di stance between the upper surface T2 of the first optical elenent LS1 and
the I ower surface T3 of the second optical elenent LS2 is not limted to 3
nm as descri bed above, and can be set within a range of 0.5 to 5 nm
considering the absorption of the exposure |ight beam EL by the liquid LQ
and the flow of the liquid LQ2 in the second space K2. [0108] As shown in

Fig. 6, the SugfaggeO%ifg'@dgﬂtri%talafeﬁémewlﬁ.swi %gix%fbfﬂ@, part i dlcarea to

serve as the secon iquidinmersion area LR2 and which is included in the

upper surface T2,0fqthe: fidsth apticsaktnel gpmnt deSlideacing fiher sgaondispace
K2, has the affinity for the second liquid L@, the affinity being higher

than the affinitynter tde asecoRrRdskighi dodP-0f dikaenur f.azei offtlHedsecond
area HR2 as 78 the area around the first area HRL. That is, the contact
angl e of the surhagereftideddanst larnead HRinav 4o egpect.REowhidie isecond
liquid LQ2 is smaller than the contact angle of the surface of the second
area HR2 with sespket timn hee speemndshifprd TQRE Specittirehl Pytichle surface
of the second area HR2 is liquid-repellent with respect to the second
liquid LQR. Acededinyl i1 mielarhahsedsoner | $efiary Mersi 6he a?e€LR2 of the
second liquid LQ2 is fornmed in the partial area (first area HRlL) of the
upper surface TRtaeat heldngist Logptip aVee?%ﬁWRHPQESPPrﬁFCFSTgO%Ei % to avoid
the inconveni ence which would be oth?rmﬁse caused such that the second
liquid LQ2 out fL&#E P-tFR Slteditdé &F“the upper surface T2. The first area

HRL i ncl udes t?8185?d6te%£néﬁT1 embodiment, the distance between the

upper surface T2 of the first optical element LS1 and the
lower surface T3 of the second optical element LS2, i.e.,
the thickness of the liguid LQ2 in the optical path for the
exposure light beam EL is about 3 mm. However, the
distance between the upper surface T2 of the first optical
element LS1 and the lower surface T3 of the second optical
element LS2 is not limited to 3 mm as described above, and
can be set within a range of C.5 to 5 mm coasidering the
absorption of the exposure light beam EL by the liquid LQ2
and the flow of the liguid LQ2 in the second space K2.
[0108] As shown in Fig. 6, the surface of the first area
HR1, which is the partial area to serve as the second
ligquid immersion area LR2 and which is included in the
upper surface T2 of the first optical element LSl facing
the second space K2, has the affinity for the second liguid
.02, the affinity being higher than the affinity for the

second liquid LQ2 of the surface of the second area HRZ as
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area AR through which the exposure |ight beam EL passes. When the surface
of the first area HRL including the predetermned area AR is
liquid-attractive, the second liquid LQ2 can be allowed to nake tight
contact with the surface of the first area HRL satisfactorily. [0109] In
this enbodinment, the liquid-repelling property is applied to the surface

of the second areasFHR byouRerher #ipg: thed igui d- mepel Ling:-f& eatmnt: to the
surface of the second area HR2. The liquid-repelling treatnment, which is

adopted in ordengle af | thersuef acecpd thessecerdyareqiciiRedmde to

i quid-repellent, includes, for exanple, a treatnent to coat a

| i qui d-repel | i ngem¢eshal Liqudldudipnagis $ioal exanplae, thkuethhe=basesd amtreri al s
such as 79 polytetrafl uoroethylene, acrylic resin materials, and
silicon-based tesisunwiericd $heandcand restargiR? wo tdt uekpact tte nclfd | m f or med
of the liquid-repelling material as described above. In this enbodinent,
the surface of sthendskicorid afda HRRe¢Ef pwwltled wibieh sLEYFOP" o pridouced oy
Asahi dass Co., Ltd. [0110] In this enbodinent, at |least the first and
second opticafred dientis LISEVIESPePHhl e mEkd cenpact Wt B¢ heecdid st and

second liquids |LQL, L2 and which are included in the plurality of optical
el ements LS1 tb' %ﬁ I%% f OFredaoralyi fhep Jitgssecspfi tadythsiuitdsiRe high

o1 or, (0o (st g oeaont, | 08 (G LG8 Bl el ARSIl
area (first area HRI) of the upper surface T2 of the first
optical element LS1, it is possible to avoid the
inconvenience which would be otherwise caused such that the
second liguid LQ2 cutficws to the outside of the upper
surface T2. The first area HR1 includes the predetermined
area AR' through which the exposure light beam EL passes.
When the surface of the first area HR1 including the
predetermined area AR' is liquid-attractive, the second
liguid LQ2 can be allowed to make tight contact with the
surface of the first area HR1l satisfactorily.

[0109] In this embodiment, the liguid-repelling property
is applied to the surface of the second area HRZ by
performing the liquid-repelling treatment to the surface of
the second area HRZ. The liguid-repeliing treatment, which
is adopted in order to allow the surface of the second area
HR2 to be liquid-repellent, includes, for example, a
treatment to coat a liquid-repelling material including,

for example, fluorine-based materials such as
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LQ2 to make tight contact with the substantially entire regions of the
first area HRL of the upper surface T2 and the |lower surface Ti as the
|l iquid contact surfaces of the first optical elenent LS1 and the | ower
surface T3 as the liquid contact surface of the second optical el enent
LS2. Therefore, it is possible to allowthe first and second |I|iquids LQL,

LQ2 to nake tighh %@@&é@iumé&ﬁ @nki quibdy1 contact, swnfacassofatde first
and second optlcaF el enent s LS2 to reliably fill the optlcal pat h

between the secandocapbhsah ﬁﬁ'ﬂ?lﬂiat'e@Zaaﬁﬂ ihe § imStatephiccab etement LS1
with the second liquid LQ2 and reliably fill the optical path between the
first optical ehenentlhSicamnt tdfe theubsgraterdpailtima hetkirisl dsquid LQL.
80 [0111] Silica glass is a material having the large refractive index.
Therefore, for dexampbed dhevesi zgnofhtheensedonehopttitealuelfeaents 82 can be
decreased. It is possible to realize conpact sizes of the entire
projection optiecahdsyse@miFL iandophiedeni Hr e" @Kot ure cappar abush B
Further, silica glass is water-resistant. Therefore, an advantage is
obt ai ned, for &tafplev-suekthat it is unnecessary to provide any
protective filmfor the liquid contact surface. [0112] At |east one of the
first and secod@18pli cal 1" dildesréoparent spaplpass CRISCiEaRTE| &0 | 1 HaVi ng
the high affinity for water. For exanple, the aoptical elenents LSS to LS7
may be fornmed GPEE&REI GhSTIRcY ilCe, and: thaigptiad contact with

first and second liquids L1, LQ2 and which are included in
the plurality of optical elements LS1 to LS7, are formed of
silica glass. Silica glass has the high affinity for the
first and second ligquids LQLl, LQ2 as water. Accordingly,
it is possible to allow the first and second liguids LQI,
LO2 to make tight contact with the substantially entire
regions of the first area HR1 of the upper surface TZ and
the lower surface Tl as the liquid contact surfaces of the
first optical element LS1 and the lower surface T3 as the
liguid contact surface of the second optical element LS2.
Therefore, it is possible to allow the first and second
liguids LQ1, LQ2 to make tight contact with the liquid
contact surfaces of the first and second optical elements
LS1, LS2 to reliably fill the optical path between the
second optical element LS2 and the first optical element
LS1 with the second liguid LQ2 and reliably fill the
optical path between the first optical element LSl and the

substrate P with the first liquid LOI.
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el ements LS1, LS2 may be formed of silica glass. Al of the optical
elements LS1 to LS7 may be fornmed of silica glass (or calciumfluorite).
[0113] The water-attracting (liquid-attracting) treatnment, in which a
liquid-attracting material such as MF2, A1203, and Si02 is adhered, may
be perfornmed to the Iliquid contact surfaces of the first and second

optical elenenosikPl, LE2includisngithe hdest; areahRy of..the-ypper
surface T2 of the first optical elenment LSl to further ™ enhance the

affinity for thesbhestvand,aecondnbi-gubds, L, olGRaoA taEnatively cras for
the liquid-attracting treatment (water-attracting treatnment), the

hydrophi lic prepechy €gthicde calsenappt? echt &4 R dreguied. cont agd surfaces of
the 81 optical elenments LS1, LS2, for exanple, by formng a thin filmwth
a substance suphsasbad cohaleshaviengoapsot ecidar ofStthyChUE €rwi pivargen
polarity, because the first and second |iquids LQL, LQ are water having

| arge pol aritycbhithl ssysempodiinment. thldd]i den edpiosuarr apgenents ®he second
area HR2, which is disposed around the first area HRL including the

predet er mi ned BrebbAR Oflitdse gdpperiswdiaoe 2 isftanhe fThetefopti cal

el ement LS1 through which the exposure |ight beam EL passes, is

|'i qui d- r epel | eREVAHGRE S, OPtcaigedt sBer af4auis e sthlt taat akleals which is

di sposed around a garti al area including a predeterm ned area of the | ower
surface T3 of VPReCSEond topPredfel aneMr AsEiieoddhmwhe € ht ithet 1auid

contact surface.

[C112] At least one of the first and second optical
elements L31, LS2 may be calcium flucrite having the high
affinity for water. For exawmple, the optical elements LS3
to L87 may be formed of calcium fluorite, and the optical
elements L31, LS2 may be formed of silica glass. All of
the optical elements LSl to L37 may be formed cof silica
glass (or calcium fluorite).

[0113] The water-attracting (liguid-attracting)
treatment, in which a liguid-attracting material such as
MgF., Al:03, and Si0; is adhered, may be performed to the
liguid contact surfaces of the first and second optical
elements LS1, LSZ including the first area HR1 of the upper
surface T2 of the first optical eiement L31 to further
enhance the affinity for the first and second ligquids LQ1,
LQ2. Alternatively, as for the ligquid-attracting treatment
(water-attracting treatment), the hydrophilic property can

be also applied to the ligquid contact surfaces of the
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exposure |ight beam EL passes, may be liquid-repellent. [0115] Wth
reference to Fig. 5(b) again, the recovery nenber 45 includes a shaft
portion 45A, and an annular portion 45B which is connected to the shaft
portion 45A. The shaft portion 45A is provided to extend in the

hori zontal direction. In this enbodinment, the shaft portion 45A is

arranged on they,tXcghderdhed@l alshoniko, t her dradater pynedraieq ARninand the
shaft portion 45A is provided to extend in the X axis direction. The

annul ar porti gnid5Bits 4 asumdahnecbeusnuadd es1ddran theiadge porddwmnmr of the
upper surface T2 of the first optical elenent LS1, and a part of the
annul ar portiont48Btone tihiech X agigdepbsar copnested: steo thhefshaf tapbradaamdd5A.
On the other hand, a 82 part of the annular portion 45B on the +X side is
open or di scoatonudsslobndAhersupptyr nembierg 3% 19s artanged &t @r-s openi ng
45K. [0116] The recovery fl ow passage 46, which corresponds to the shape
of the recoverymhedbeens, is forned in the recovery nenber 45. One end of
the recovery fl ow passage 46, which is formed in the shaft portion 45A of
the recovery mbfbdfl 45 1% tdnestedsenethe Yitherecond 8Fet Hék?s
recovery flow passage 44 (see Fig. 4) forned in the barrel PK The annul ar
recovery flow pas3agecays iasfoﬁJ@IdrrgHe fhrther Bmdifdr 1p6LPRonT 458 of t he
recovery nenber 45 to surround the predetern ned area AR . £|'h otg;lerrstend
454 i

of the ~recovePyeffbw pHESaGE *46 4 or tedt it h TS S REFE*H6r {F o

optical element LS1 through which the exposure light beanm
EL passes, is liquid~repeilent. However, it is also
allowable that an area, which is disposed around a partial
area including a predetermined area of the lower surface T3
of the second optical element LS2 through which the
exposure light beam EL passes, may pe liguid-repellent.
[0115] With reference to Fig. 5(b) again, the recovery
member 4% includes a shaft portion 45A, and an annular
portion 45B which is connected to the shaft portion £5A.
The shaft portion 45A is provided to extend in the
horizontal directicon. In this embodiment, the shaft
portion 45A is arranged on the -X side in relation to the
predetermined area AR', and the shaft portion 45A is
provided to extend in the X axis direction. The annular
portion 45B is formed to be smaller than the edge portion
of the upper surface T2 of the first optical element LS1,
and a part of the annular portion 45B on the -¥ side is

connected to the shaft portion 45A. On the other hand, &
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connected to a part of the annular recovery flow passage 46 fornmed in the
annul ar portion 45B. [0117] The second recovery ports 42 are forned on the
i nner side surface of the annular portion 45B directed to the
predeterm ned area AR . The second recovery ports 42 are provided to
recover the second quuid LQ2 fromthe second space K2. The plurality of

second recover 2por § are rOVId d on, e |nner §|de surface of the
annnul 5 Pﬁ J_on 1S open OE
annul ar porti n 5 to surroun e secon I|qU| i'imet ST oh” area R2

formed on the ypper,syrfage T240f,Lh uﬁg&{ﬂﬁt mRl.cak €l epp %edg%%éé%t the

plurality of second recovery ports 4 are provi t he inner
side surface ofpthen@anuy ar portion 45B, are connected to the recovery
fl ow passage 46 83 forned in the annul ar portion 45B. The second recovery

ports 42 of theospepnd hinguird cbiBBY St DAy RLNARIES M52 @H?Cha&fﬂrkgﬁ%rﬂd@ the
second space K2. Therefore, in this arrangenent, { he second l'iquid

recovery section die ishapeonpeehed-Loctds, sR60R4 gpaces K&yl thepsecond
recovery tube 43, the second recovery fIOM/passage 44, and the second

recovery portsrd@®frit henbiekeas| 014,84 dihe grecoverycoeaber s Uh (RGIGar
portion 45B) is provided outside the predeterm ned area AR at the
position at whéchwiihen radifatineq bof thwe expgoswoethbghishbeamfte i s not

di sturbed, i.e., at the position to surround the predeterm ned area AR of
t he upper surfacecvEXyofnetrherf #Pstis optrircaltee] émentelSih¢hrough inmtiheh t he

exposure |ight beam
second recovery flow passage 44 (see Fig. 4) formed in the

barrel PK. The annular recovery flow passage 46 is formed
in the annular portion 45B of the recovery member 45 to
surround the predetermined area AR'. The other end of the
recovery flow passage 46 formed in the shaft portion 45A is
connected to a part of the annular recovery flow passage 46
formed in the annular portion 45B.

[0117] The second recovery ports 42 are formed on the
inner side surface of the annular portion 45B directed to
the predetermined area AR'. The second recovery ports 42
are provided to recover the second ligquid LQ2 from the
second space KZ. The plurality of second recovery ports 42
are provided on the inner side surface of the annular
portion 458 to surround the second ligquid immersion area
LRZ formed on the upper surface T2 of the first optical
element LS1. The plurality of second recovery ports 42,
which are provided on the inner side surface of the annular

portion 45B, are connected to the recovery flow passage 46

83



EL passes. The second recovery ports 42 are arranged at the predeterm ned
positions between the predeterm ned area AR and the edge portion of the
upper surface T2 in the second space K2. [0119] Gaps are provi ded between
the recovery nmenber 45 and the upper surface T2 of the first optical

el ement LS1 and between the recovery nenber 45 and the | ower surface T3

of the second %%tr;agglejdg'b@%temg%rr BSPEELL VALY, THAL obSona! AS-dREQuery

menber 45 is suppor arre or a predeterm ned support

mechani sm so tlﬂ?'}ctgh@2 r EEOMET Vs IBABER § 4Dy | Sudk-dike RABRERANSACE State with
respect to the first optical element LSl and the second optical el enent

LS2 respectivehyanhegording wecdbhe vbbeatkon, mhieloirs, 84ngemes ated in the
recovery nenber 45, 'is prevented from being directly transmtted to the
first and secondrepybeaht, elremertenbSliqhS2. r{E20]y Weenithedsecond |iquid
LQ2 of the second liquid imersion area LR2 is recovered, the control unit
CONT drives thensecoad td giied skecodesyasecti onvidl tok theos@condvdiwui d
recovery nechani sm 40. When the second liquid recovery section 41 having

t he vacuum systehei $3drilverseadne rsecvady | fpH das@Rvef 4¢he2ecord |iquid
imersion area LR2 flows into the recovery fl ow passage 46 forned in the
annul ar porti one45Bdofetdre T EOVEPyY { Aembefha5l Mi% the second recovery

ports 42. The second recovery ports 42 are arranged to surround the second
quuid i mrersi dA1laBba LREhe recovery member 45 {annular portion 45B) 1is

provided outside the predetermined area AR' at the position
at which the radiation of the exposure light beam EL is not
disturbed, i.e., at the position to surround the
predetermined area AR' of the upper surface T2 of the first
optical element L31 through which the exposure light beam
EL passes. The second recovery ports 42 are arranged at
the predetermined positions between the predetermined area
AR' and the edge portion of the upper surface T2 in the
second space KZ2Z.

[0119] Gaps are provided between the recovery member 45
and the upper surface T2 of the first optical element LS1
and between the recovery member 45 and the lower surface T3
of the second optical element LS2 respectively. That is,
the recovery member 45 is supported by the barrel PK or a
predetermined support mechanism so that the recovery member
45 is in the non-contact state with respect to the first
optical element LS1 and the second optical element LS2

respectively. Accordingly, the vibration, which is
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Therefore, the second liquid LQ2 of the second liquid imersion area LR2
is recovered fromthe surrounding thereof via the second recovery ports
42. It is desirable that a porous nenber is also arranged for the second
recovery ports 42 to suppress the vibration generated when the second
liquid LQ2 is recovered. [0121] As shown in Fig. 6, a protruding area HRT

whi ch protrud%@nww@é@%@&\A@%@&F%%&Q@éﬁ@ﬁ,%@ BLE3eARd £ilc, Provided

for the second area HR2 having the liquid- repelling property of the upper

surface T2 of bbeniastectopt itgahselemBatcd She 1M AR snenbodi i@, ithe
protruding area HRT is provided at the position corresponding to the
openi ng 45K of et heeatwulsar, perti on 45B of the recovery 85 nenber 45.
Accordi ngly, when the second liquid LQ2 is recovered via the second
recovery portsid226rom timen suer egadhdigl Dfuicha.cgeeandntki gitshd Mepsidon ar ea
LR2 in a state in which the supply of the second liquid LQ2 fromthe
second supply porérB82n srstoppedist hecseomont ltihguicdnt€R1 ofinit heongecond
liquid imersion area LR2 is recovered via the second recovery ports 42
arranged ar oundriwes sdeorsechhdul dguidnersianrvacseatiB? $0 ¢hathd e csedond
liquid LQZ is divided at the protruding area HRT as a base point, as
schemati cal | y 5howd iied@vgry7merhanhis 4y, Winen shpossibhed limiigvoi d t he

i nconveni ence which would be otherwi se caused, for exanple, such that the
second |iquid IEPPTEY BEsteeBsSt Ui e ddife Maduandsy hkes ecoritr iviegui §heQR

remai ns, "
second liquid LQZ of the second liquid immersion area LR2

flows into the recovery flow passage 46 formed in the
annular portion 45B of the recovery member 45 via the
second recovery ports 42. The second recovery ports 42 are
arranged to surround the second liquid immersion area LR2.
Therefore, the second liquid LQ2 of the second liquid
immersion area LR2 is recovered from the surrounding
thereof via the second recovery ports 42. It is desirable
that a porous member is also arranged for the second
recovery ports 42 to suppress the vibration generated when
the second liguid LQ2 is recovered.

[0121] As sheown in Fig. 6, a protruding area HRT, which
protrudes inwardly (toward the predetermined area AR'), 1is
provided for the second area HR2 having the liquid~
repelling preperty cof the upper surface TZ of the first
optical element LS1. In this embodiment, the protruding
area HRT is provided at the position corresponding to the

opening 45K of the annular portion 45B of the recovery
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for exanple, at a central portion of the first area HRL. Therefore, it is
possible to avoid the occurrence of the inconvenience resulting fromthe

remai ni ng second liquid L@, which would be otherw se caused, for exanple,
such that the remaining second liquid LQ2 is vaporized, and any adhesion
trace (so-called water mark) is fornmed on the wupper surface T2. [0122] In

this enbodi ment,.nj,B¢ P& Ot FAEH&QH%@@?, HRTed, St ndroged 1atut her@psid i on
correspondi ng to the opening 45K "of the annul ar portion 45B of the

recovery nenbere4sverEHOWeVLIthd Recphat Fedbgranea tsRT2mayobecps ovi ded at
any position other than the position corresponding to the opening 45K
The protrudi ng sakeauhiRing hoivt hien sehendr aivpung? 8Bries sspbstant i Bk yin a
rectangular as viewed in a plan view. However, it is possible to adopt any
arbi trary shapetaicaciudiigh fudre exanpleoftrhiamadcd anduseéni@4 rcudrarthe
shapes. [0123] The second liquid LQ2, which has flown into the recovery

fl ow passage 46c¢tondesuprlit oranfdl ar pertieoh 488, seicendolieet@d3h dthe
recovery flow passage 46 fornmed in the shaft portion 45A, and then the
second 1iquid EBR PREWRA Yifttd dt REBMEEESAY FERDVETY 1Pl 6RCPESERGe’ ¥ TSt med in
the barrel PK The second liquid LQ2, which has flown through, the second
recovery flow P&§88Ger AV §86ﬁédg%nﬂrr?%ﬁﬁﬂuﬁﬁﬁﬁnﬁytPﬁesgﬁéhﬁuﬁﬂqQﬁﬁ d

ecovery, sect! o abtia dhe. second Leeover ibs Rk 281 Mo
at the protruding area HRT as a base point, as
schematically shown in Fig. 7. In this way, it is possible
to aveid the inconvenience which would be otherwise caused,
for example, such that the second liquid LQ2 is
unsuccessfully recovered and the second liquid LQZ remains,
for example, at a central portion of the first area HRI.
Therefore, it is possible to avoid the occurrence of the
inconvenience resulting from the remaining second liguid
102, which would be otherwise caused, for example, such
that the remaining second ligquid LQ2 is vaporized, and any
adhesion trace (so-called water mark) is formed on the
upper surface TZ.
[0122] In this embodiment, the protruding area HRT is
provided at the position corresponding to the opening 45K
of the annular portion 45B of the recovery member 45.
However, the protruding area HRT may be provided at any
position other than the position corresponding to the

opening 45K. The protruding area HRT shown in the drawing
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for exposing the substrate P wth the inmage of the pattern of the nmask M
by using the exposure apparatus EX constructed as descri bed above. [0125]
When the exposure is performed for the substrate P, the control unit CONT
supplies the second liquid LQ2 fromthe second |liquid supply nechani sm 30
to the second space K2. Wen the second liquid supply nechani sm 30

supplies the S§§0Q9b$’&%i%lli92’reEggn&@?&ze petyecnqt he asﬁf%‘dvi%%.i cal

el enent LS2 and the upper surface T2 of the first optical element LSL is

filled with theosecond 1d qui dosbiRB1socd hafoanlayt Bepparii@lsianea of the
upper surface T2 of the first optical el enent Ii/Sl, whi ch i ncludes the

predet erm ned aneaudRigt Hoeughawbleh the:@xpesubadl Eght cBrcbeamdrlppasses,
beconmes the second liquid inmersion area LR2. The second |liquid L@, which
is supplied fropizhe setendekbgdi disupplnoareehaeshsaas0fldwcalday fraens the
second liquid inmersion area LR2 which is greater than the predeterm ned
area AR and wheéchvdrsy Sitell essthaa 4 berfupper insuhkagendPlsr gfbe ipar usef t he
upper surface T2 including the predeternmined area AR . After the second
liquid inmrersi oh carleatleR2 insthermedyvdihe fdont peksaget 4 CONIEnstcops the
supply of the second liquid LQ2 by the second liquid supply mechani sm 30.
The second |i gehalf t Qrdsdonedhrt hend i st st iseabrdl hentd LIS didvshe second
optical element LS2 is retained by the surface tension, and the second
liquid imrerst®f diea SER2NsI HaP ey W passage 44 formed in the

barrel PK. The second liguid LQ2, which has flown through
the second recovery flow passage 44, is sucked and
recovered by the second liguid recovery section 41 via the
second recovery tube 43,

[0124] Next, an explanation will be made about a method
for exposing the substrate P with the image of the pattern
of the mask M by using the exposure apparatus EX
constructed as described above.

[CG125] When the exposure is performed for the substrate
P, the control unit CONT supplies the second liguid LQ2
from the second liquid supply mechanism 30 to the second
space K2. When the second liguid supply mechanism 30
supplies the second liguid LQ2, the space between the
second optical element LS2 and the upper surface T2 of the
first optical element LS1 is filled with the second liquid
LQ2 so that only the partial area of the upper surface T2
of the first optical element LS1, which includes the

predetermined area AR' through which the exposure light
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[0126] After the substrate P is |oaded on the substrate stage PST at a
| oad position, the substrate stage PST, which holds the substrate P, is
noved by the control unit CONT to the position under the projection
optical system PL, i.e., the exposure position. The control unit CONT
supplies and recovers the first liquid LQL by using the first liquid

supply nechani g, 10zand, dhes figeSbrnkbabhd sdGRYVanYuTBChARE SM L0 while
optimally controlling the supply anmount of the first liquid LQL per unit

time brought akout byethedid 3tqhiguidz supploh mechappsmdOrand drke
recovery amount of the first liquid LQL per unit tinme brought about by the
first liquid reeevesyl mohaniugml 20medhait han SIGt cicalMi Chrtdher isubstocatie
stage PST is opposed to 88 the first optical elenment LSl of the projection
optical systemiBlLidAntnditeccontceal LBAI $hCONE f grestebetham sthe | i qui d
imrersion area LR1 of the first liquid LQL on at |east the optical path
for the exposupeetightmbeamaBea RRE| ad@dviirit He Binpdt espalean KIhe aweperi | | s
the optical path for the exposure light beamEL with the first liquid LQL.
[0127] In thissarfapgehbnton pePeréned henbEmey FeadarPng? henbst e SRRi ch
are provided with reference marks to be_ neasured, faor exangl e, bly a
substrate al i gRABAECSYRTER a<eadPfBct skl $h HpaRESBPAL &htY APPISCat on
Lai d- open No. 4- 65603 and a mgsk_al i gnnent. syste dj scl osed in_Japanese
Patent Appl i caffo? E%%sdl-sopfé’r’fml%.’ §ﬁ§7%%%%?ojar‘%‘l§r ?\Qﬁieak%‘i’s ti’oshreed'seut‘x-)gr|¥i ned
positions on tg% §H§5§é5§5% iﬁqg§dpfgé by the second liquid supply

mechanism 30. The second liguid LQZ between the first

optical element LS1 and the second optical element LS2 is

retained by the surface tensiocn, and the second liquid

immersion area LRZ is maintained.

[0126] After the substrate P is loaded on the substrate
stage PST at a load position, the substrate stage PST,
which holds the substrate P, is moved by the contrcl unit
CONT to the position under the projection optical system
PL, i.e., the exposure position. The contrel unit CONT
supplies and recovers the first liquid LQ1 by using the
first liquid supply mechanism 10 and the first liguid
recovery mechanism 20 while optimally controlling the
supply amount of the first liquid LQ1 per unit time brought
apout by the first liquid supply mechanism 10 and the
reccvery amount of the first liquid LQ1l per unit time
brought about by the first liquid recovery mechanism 20 in

the state in which the substrate stage PST 1s opposed to
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Further, for exanple, an uneven illum nance sensor as disclosed, for
exanpl e, in Japanese Patent Application Laid-open No. 57-117238, a spati al
i mge- measuring sensor as disclosed, for exanple, in Japanese Patent
Application Laid-open No. 2002-14005, and a radiation anmount sensor

(i l'lum nance sensor) as disclosed, for exanple, in Japanese Patent
Application Laide0pensNapthl=16816mane P5OVddada$ro9ptE ¢ah sS4l ng
sections at predeterm ne(f positions on the substrate stage PST. Before the
exposure procesgstem perf amaednhtorohbeoBubsty aloeiTProtbhe €@atfolswnit CONT
perforns the nmeasurenent of the marks on the reference nenbers and/or
various types ofcwkdsimeng ioperatbonBl byf wsd g risheloptidalomeaswt ng
sections. The control unit 89 CONT perforns the alignnment process for the
substrate P andeathetlpy ceddsafopand) fist i e (caloisbrat i ng)t tihean rfHge
formation characteristic of the projection optical systemPL on the basis
of the neasur er®AtUGESUINt $heFdirakadpies Khemncthéilheabiue i vt opdr agitbn by
using the optical measuring section is performed, the control unit CONT
nmoves the substPat'd® SBGEUPSTL ¢l at P tid: tHEDf thst TEFYbi Bl quhferlSilon area

LR1L of the fi iquid LQL by noving the substrate stage PST in the XY
directions to Lﬁ?a#ge t HE 18t 2F F4F diS e FSIT6A SR EF SASTUR Of (988 UL R 6t

liquid LQL on thetbol%éi cah_ asuring section so that the measuring
operation is pEfPotied PHICEhFES sEATE AN S FREGECRFRUT QARG t he

second |iquid méég%réghefgﬁaggggg?gf §§ glg%b% Egggngfig§%$%én¥§%%%%pagy the

disclosed in Japanese Patent Application Laid-open No. 4-
65603 and a mask alignment system as disclosed in Japanese
Patent Application Laid-open No. 7-176468, are provided at
predetermined positions on the substrate stage PST.
Further, for example, an uneven illuminance sensor as
disclosed, for example, in Japanese Patent Application
Laid-open No. 57-117238, a spatial image-measuring sensor
as disclcosed, for example, in Japanese Patent Application
Laid-open No. 2002-14005, and a radiation amount sensor
(illuminance sensor) as disclosed, for example, in Japanese
Patent Application Laid-cpen No. 11-16816 are provided as
optical measuring sections at predetermined positions cn
the substrate stage PST. Before the exposure process is
performed for the substrate P, the control unit CONT
performs the measurement of the marks on the reference
members and/or various types of measuring cperations by

using the optical measuring sections. The contrel unit
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mask alignment system and/or the various types of the calibration
processes using the optical neasuring sections may be perfornmed before the
substrate P as the exposure objective is placed on the substrate stage
PST. [0128] After the alignnment process and the calibration process are
performed as descri bed above, the control unit CONT projects the imge of
the pattern of cbhe paskoMOMR atihensuhstiade R torexpessubhersudbst rate P
therewith by radiating the exposure |ight beam EL onto the substrate P
via the projecthenpoptécalraysidemsPingt hea saoond rlg)quhd LGRge ofotrize is@cond
liquid imersion area LR2 forned on the side of the upper surface T2 of
the first opticabretesenttilShf 90ecapdofhet o stptliicgdi dyeQimoPL tdre thier st
liquid imersion area LR formed on the side of the | ower surface Ti of
the first optbealisetenerm re8burghiche moviHg - | FrheéxXaxes ‘@ieecticoon
(scanning direction), the substrate stage PST which supports the substrate
P, and while p&rReRHE MY qzwefarté@@véwuswgt% fqprtsltca|1| BapduEERS f3UThitRe
surface of the substrate P by using the first H@plg recover% mechani sm 20

concurrent |y wihPEh °§Uﬁbl}hﬁchH§rP?r%?lﬁ Gultd ohtd Sthe“<tfstrate P
b the f t The .first d , Which
P2 Suppli ed fr OrRbReP T P NGl Slopty Hech i e T5- FbehI 57T Ofths the
st haud Lumele on ar ea ol g’gg {;yarf IR Ligcthe.PLolgetian  area

AR and which is sia on th
in the XY directions to arrange the first liquid immersion

area LR1 of the first liquid LQl on the optical measuring
section so that the measuring operation is performed in
this state wvia the first ligquid L@l and the second liquid
1.02. The measurement of the reference mark measured by the
mask alignment system and/or the various types of the
calibration processes using the optical measuring

sections may be performed before the substrate P as

the exposure objective is placed on the substrate stage
PST.

f[0128] After the alignment process and the calibration
process are performed as described above, the control unit
CONT projects the image of the pattern of the mask M onto
the substrate P to expose the substrate P therewith by
radiating the exposure light beam EL onto the substrate P
via the projection optical system PL, the second liguid LQZ
of the second liguid immersion area LR2 formed on the side

of the upper surface T2 of the first cptical element LS1,
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part of the substrate P including the projection area AR The second
liquid LQ2, which is supplied fromthe second |I|iquid supply nmechani sm 30,
|l ocally forns the second liquid imersion area LR2 which is greater than
the predetermned area AR and which is snaller than the upper surface T2,
on the part of the upper surface T2 including the predeterm ned area AR

of the upper sur e T2 of the fir optical_.element 1LS1. [0129] During

t he exposure o?n%ﬁ§“%6§§FFa§éq?%dtﬁég %%é?ﬁiﬁéﬁsFo l%ﬁﬁ§| Eﬁ”?ﬁ% firat
liquid LQL and e rati for . recoveri the_firpst_liqui ar

cont nued by tHe (1 7AEY PRuCHe] THT oo e aRART Shr i hel Bt G TS6eh for

Lhe exposure |Lghiciea.fLabet ypen, N, fidisty, 9L el Pt and e subatrate

Pis filled wit e first mal ntai ni ng the size and the

shape of the fissinniliguideEPBES] OMhArLAd kRhtL0sbgyd Nogr dgsidied state. On
the other hand, during the exposure of the substrate P, the operation for

suppl yi ng the sggond sl icgui dub&lrand # he,opgkati Q@rf@fm:i[r%?% irRgot/Bey
second liquid LQ2 are not performed by the second liquid imersion

mechani sm 2. Thatthd §irthel exposur® i sqpercher prdride avpgh e seecendel Pqui d
L2 in the pooled state (retained state by the surface tension) in the
second space K2 wdiew the Supptyliand.d hecoeeoverychaiideGecond |iquid LQ2
are not perforned during the exposure of the substrate P, no vibration is
generated by cheuwugplkyyandibrtisheumcaoverytbt fhestseciondd ilgdi dntop

the substrate P by using the first liquid supply mechanism
10, The first liquid LQl, which is supplied from the first
liguid supply mechanism 10, locally forms the first liguid
immersion area LR1 which is greater than the projection
area AR and which is smaller than the substrate P, on the
part of the substrate P including the projection area AR.
The second liguid LQZ2Z, which is supplied from the second
liguid supply mechanism 30, locally forms the second liguid
immersion area LRZ which is greater than the predetermined
area AR' and which is smaller than the upper surface TZ, on
the part of the upper surface T2 including the
predetermined area AR' of the upper surface T2 of the first
optical element LS1.

{0129] Puring the exposure of the substrate P, the
operation for supplying the first liguid LQ1 and the
operation for recovering the first liguid LQ1 are continued
by the first liguid immersion mechanism 1. The optical

path for the exposure light beam EL between the first
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during the exposure of the substrate P. Therefore, it is possible to avoid
the deterioration of the exposure accuracy which would be otherw se caused
by the vibration. [0130] The second liquid LQ locally fornms the second
liquid imersion area LR2 in only the partial area including the
predeterm ned area AR through which the exposure |ight beam EL passes, of

th face T2 of .the f] tical elenent LS. dingly, .it i
possible 10 avGPBChe ey or TRE SEethar T Il A2 S he " alife of

the upper surf%&g,:ﬁh}?{et aeinftiari%gngpttiugg%izgla%@%%el‘ggia ghgf etlt,lﬁ)é 5ﬂ|1 stLt s

possi ble to avoi e 1nflow an he adhesi on of "t'he second Tiq Q

Wi th respect t@iqﬁ*ﬂ? grﬁrﬁé%io'%&(lr%lalr E%kls‘c@p&étibnls%‘:tdie?,@r% S{:ﬁ{ee SURROThNg

)
the 92 first optica enent ) I's possible to avoid

deterioration gtnthenbair @luBKq( EheStsuPPAL to SQELI Q0p9erate PRI thRy, it is
possible to avoid the deterioration of any nechanical part and any

electric part dbspesesh afcurdpbheini t6é apidealliehesentzLSla whd ch woul d
be otherw se caused by the |eaked second liquid LQ2. [0131] The second
liquid LQ2 nakesensat contfaot reforverexanphe, saddrfd ttheubarret £k and/ or t he
first support section 91, because the second liquid LQ locally forns the
second |iquid pemErsnah ar ehel R2condt hequippemmsusfiacendhafii st he f iThet:
optical element LS1. Therefore, it is possible to avoid the inconvenience
such as the m %Engtiod <ppsurgpasi pyrfavheditigadyé reeakefond okiqihie [LKe
generated, for ‘ .
in the pooled state (retained state by the surface tensicn)
in the second space K2. When the supply and the recovery
0f the sscond liguid L0O2 are not performed during the
exposure of the substrate P, no vibration is generated by
the supply and/or the recovery of the second liguid LQ2
during the exposure of the subsitirate P. Therefore, it is
possible to avoid the deterioration of the exposure
accuracy which would be otherwise caused by the vibration.
[0130] The second liguid LQZ locally forms the second
liguid immersion area LR2 in conly the partial area
including the predetermined area AR' through which the
exposure light beam EIL passes, of the upper surface T2 of
the first optical element L31. Accordingly, it is possible
to avold the leakage of the second ligquid LQZ to the
outside of the upper surface T2 of the first optical
element LSl. Therefore, it is possible to avolid the inflow

and the adhesion of the second liquid LQZ2 with respect to

the barrel PK (first support section 91) for supporting the
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exanple, fromthe barrel PK and the first support section 91 with respect

to the second liquid LQ for formng the

Therefore, the exposure process and the neasurenent process can be
satisfactorily performed in the state in which the cleanness of the second
liquid LQ2 is maintained. [0132] The exposure apparatus EX of this
enbodi ment perforns the projection exposure onto the substrate P with
i mge of the pat¥®r wrofcehecha8k M inhi-l e JfouEngO s hEP Ll frelsk aMcand thRe

substrate P i

scanni ng expostiEr R FaALe" of the hage 6f theTpht PerkPiof SaEREskiM i s

stem PL

projected int
93 and the fi

n the X axis direction (scanning direction). During_the

ectjon apti

t jecti AR via th ' |
i da s atond PTE O 1L~ Cel DFot RS 11O aRE “Lelbhd

second liquid imrersion area LR2.

t he

l'iquid innerS!é¥k§§ﬁ%§%%L$%£th§%i&%ggég%% f?%: ar@ngigkégeé'g%o%%bp%héahygLn

the -X direct

1on (or 1 on synchroni zation w

rection direction

th respect

th bstrate £ .. laci ty;a,V. (R 1S, ; Lgcti
¢ substrate ﬁréttsﬁgla\ig(gé?él&n&e/%(%g' ?«%ﬁltéﬂewgg&l&ek?é eé%z?vﬂs\%?c hLokgct! on

magni fication) In

to the projectipniarea-ARy L P aliidy Ohgoshot areas are set on the
After the exposure 1is conpleted for one shot area, the next

shot area is nmed] to the scasH NG sbiar t.oPoskkeoMd n@aeRrdanee Wi th the

substrate P.

st eppi ng novenent of the substrate P. The scanning

successi vely

pesheneedyt ber ed tedrfor prt BRarespest | ¥ershatuRbeas while

novi ng the substrate P in

section 91, because the second liguid LQ2 locally forms the
second liquid immersion area LRZ on the upper surface TZ of
the first optical element LS1. Therefore, it is possible
to avoid the inconvenience such as the mixing of any
impurity including the metal ion or the like generated, for
exampleée, from the barrel PK and the first support section
91 with respect to the second liguid LQ2 for forming the
second ligquid immersion area LRZ2. Therefore, the exposure
process and the measurement process can be satisfactorily
performed in the state in which the cleanness of the second
liguid LQ2 is maintained.

f0132] The exposure apparatus EX of this embodiment
performs the projection exposure onto the substrate P with
the image of the pattern cof the mask M while moving the
mask M and the substrate P in the ¥ axis direction
(scanning direction). DBuring the scanning exposure, a part
of the image of the pattern of the mask M is projected into

the projection area AR via the projection optical system PL

93
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t he step-and-scan manner. [0133] In this enbodinment, the first optical

el ement LS1,

which is forned of the parallel flat plate, is arranged

under the second optical elenment LS2 having the |ens function. However,
the first space Kl disposed on the side of the |ower surface Tl of the

first optical

el ement LS1 and the second space K2 of the first opti cal

el ement LS1 di sposed on the side of the upper surf 2 areif illed, with
the first I|qu?ﬂdtﬁﬁaéﬁ&sﬁhén§e68ﬁ8n¢|%ﬁﬁq}dECéere§8 c? VLS. lﬁc,géo?aijngly,
the reflection loss is reduced on the |o su 3 of _th cond

optical el emenf€t&H %Mﬂufhémﬁﬁﬁerogu??%%e ;E 7% ot m%b?%égl el ement

LS1. The substrate P can Q%l%éggse? m?ﬁ!Sfa%tQ%&E%tLQntn%:%ﬁ?%%e94X'n

whi ch t he Iarge |nage si de namer|

aperture O

system FL 1 sEeULatod 0134) o\ Achbs; Sbog) iRk, Whhen POROURIRIAeE 25 |

inclined with respect

of the poroustﬂgﬁ%lrca %%gdv%§§c£§yﬁﬁ§0( B0 Ye Gend DG i gggt§3ﬁfa9
the fi d Lol %%cgeco e%%d gka ﬁhEhé'fét;&Eﬁgxegy

22 including ¥He" |nc‘$ﬁe surface

arrangenent,

arrangenent ,

ace of the substrate P. In th

arrange rst recovery po In th

and surface 75 and

the inclined sur&aclee%%&reof %ge’%iﬁ ﬂd%“%‘i%'aym| n gugh, & sidyatsd on,

the substrate P

ected to scanni ng novenent at a pr edetermn

velocity by a 95@9%%&@ ned di:st 8ACEnd Ns: g yEXedbl ECREQEr the exposure

is completed for one shct area, the next shot area is moved
to the scanning start position in accordance with the
stepping movement of the substrate P. The scanning
exposure process is successively performed thereafter for
the respective shot areas while moving the substrate P in
the step-and-scan manner.

{0133] In this embodiment, the first optical element
LS1l, which is formed of the parallel flat plate, is
arranged under the second optical element LS52 having the
lens function. However, the first space K1 disposed on the
side of the lower surface Tl of the first optical element
LS1 and the second space K2 of the first optical element
LS1 disposed on the side of the upper surface T2 are filled
with the first liquid LQ1 and the second liquid LQZ
respectively. Accordingly, the reflection loss is reduced
on the lower surface T2 of the second optical element LS2
and the upper surface T2 of the first optical element LS3I.

The substrate P can be exposed satisfactorily in the state
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with respect to the first liquid imersion area LRL from the initial state
shown in Fig. 8(a) (the state in which the first liquid inmersion area LRl
of the first liquid LQL is formed between the | and surface 75 and the
substrate P), the state as shown in Fig. 8(b) is obtained. The conponent
F1 to nove obliquely in the upward direction along the inclined surface 26
and the conponent F2 to nove in the horizontal direction are generated in
the first |iquirll FOLCT ofR] HEHGr SRR gt iTHMSSioEn APBATLER ?%1?ﬁ%
predeterm ned _state after the._scanning novenent as shown in Fig. 8(b). In
this situation?r?ﬁﬁcgﬁﬁbémgﬁCﬁﬁesVﬁ?%?f%gg“?jﬁ?%VF uid interface) LG

bet ween t he firg%ah%quiq[ngfof tggdfirst dh{quk%;inners'op ea LRl and

t he space disp& ut side s 95 Rar Nt &l Hed " BFER “WReliTRe" stibsttate P is

noved at a higt e ity with respect to the first Liquid imersion area
LRL, it is posgPB¥%A%o‘%ﬂ%bﬁgggeggyg%r%ﬁﬁ %:é%%ﬁ? SF %h% sé#%ﬁﬁf(% %ﬁhe

interface LG E91§§13T'teg%é%%ﬂﬁ? PﬁéV%¥¥ﬁf'B%&uQ%'%g?df§u££§§ﬁ§£%% %gg t he

substrate P is greater e di stance between 't and ace and

the substrate PheThatiisa e capaces betmeendihe s Rehboed: W fa6e,26 ;and
the substrate Pis greater than the space between the |and surface 75 and

the substratecit ThesefaiRyvewhepothezsubstd atg sPaksaABYELh W tihe rrASRRCt tO
the first liquid imersion area LRI, it is possible to nake a distance L

bet ween an i ntetdace 13 iandectheréaterd age lEGrke becoetayipwiy 2omall, the

interface LG
including the inciined surface 26. Further, the land
surface 75 and the inclined surface 26 are formed
continuously. In such a situaticn, when the substrate P is
subjected to the scanning movement at a predetermined
velocity by a predetermined distance in the +X direction
with respect to the first liquid immersion area LR1 from
the initial state shown in Fig. 8(a) {(the state in which
the first ligquid immersion area LR1 of the first liguid LQ1
is formed between the land surface 75 and the substrate P},
the state as shown in Fig. 8{(b) is obtained. The component
Fl to move obliquely in the upward direction along the
inclined surface 26 and the component F2 to move in the
horizontal direction are generated in the first liquid LQ1
of the first ligquid immersion area LR1 in the predetermined
state after the scanning movement as shown in Fig. 8(b).
In this situation, the shape of the interface {gas/liguid

interface) LG between the first liquid LQ1 of the first

liguid immersion area LR1 and the space disposed outside is
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bei ng brought about in the initial state shown in Fig. 8(a) and the
interface LG being brought about in the predetermned state after the
scanni ng novenent shown in Fig. 8(b). Therefore, it is possible to
decrease the size of the first liquid imersion area LR . [0136] For
exanpl e, as shown in Fig 9(a), even if the Iand surface 75 and a | ower

surface 26' of the poro menber 25 arra he first . recav port 22
are formed coﬁ?fﬂﬁ% ﬁW@nIH&EP 5 1 45% the™ %orouglne%béh i's

not inclined wt espect. .t qQ the tra urface 26 of
t he porous nenbe?oﬁ%t¥§wgh stant tla|F§ |n f%ﬁ%ﬁ rlqIqhto t e¥§%¥%hc§%%f t he
substrate P, Ipgeth ds. pguen dd I8t LeEQYerya ol to 22 ancl udi ng
the 96 | ower sur aC§E2 yq%% nof |n8I|rléF%thé%E}ﬁe shapeao fhe fnterface
LG i s maintai ned,wben: the ggggggggg P;is nmoved wth respect to the first
liquid imersion area LRL. However, only the conponent F2 to nove in the

hori zontal diggesspn | Srr&era%%ﬁeelﬂeﬁmrf ithsd ihicQuhed Leds £ and Adhena
conmponent (Fl) to nove in the upward direction is hardly generated,

because the | ovgt swd@acs 26 iksgRehténclidifdne kRsSHEBe B Siddeat itor, the
interface LG is noved by apprOX|nater t he sane distance as the novenent

amount of thelsubsiustad.75Theaet pe esubderadisstrancenkt bes wedte tdpace
interface LG in the initial state and the interface LGin the
predet er mi ned statecmaftier itle isednsinfpomvenemd lths aubsetatd el great
val ue. Accordingly, the first liquid
greater than the space between the land surface 75 and the
substrate P. Therefore, when the substrate P is moved with
respect to the first liquid immersion area LR1, it is
possible to make a distance I between an interface LG' and
the interface LG to be relatively small, the interface LG'
being brought about in the initial state shown in Fig. 8(a)
and the interface LG heing brought about in the
predetermined state after the scanning movement shown in
Fig. 8(p). Therefore, it is possible to decrease the size
of the first liquid immersion area LR1.
[0136] For example, as shown in Fig. 9(a}, even if the
land surface 75 and a lower surface 26' of the porous
member 25 arranged in the first recovery port 22 are formed
continuously, the lower surface 26' of the porous member 25
is not inclined with respect te the substrate P, and the
lower surface 26' of the porous member 25 is substantially

in parallel to the surface of the substrate P, in other

words, even if the first recovery port 22 including the
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imersion area LR1 is increased in size as well. On this assunption, it is
necessary that the nozzle nenber 70 should be | arge-sized as well
corresponding to the large first liquid imersion area LRL. Further, it is
also required to increase the novenent stroke of the substrate stage PST
and the size of the substrate stage PST itself according to the size of
the first liquid imrersion area. LRL. Consequently, the entire exposure

appar atus EX DBEBReS HifE 4% 'si-?elOfheltbhitisheyed FRer ehdre tHe itze of
the first liquid,_i rsi.on.area,. LRl i s caonspicuous,as the _scannin

vel oci ty of the STbEtTats BowrEhot espatt 1! thE SPPPEFSFT olicF IHISFSi on
area LRL is highly ingreased ] 01371 As, shown in Filg, O(b), when the

di st ance bet weén 97 the 1ower surface %ﬁz an é substrate s made

greater —than Lhe.dist ang Qﬁ%"‘ﬁgﬁaﬁxg&#wt%“rr&co%%e'ﬁtﬁé‘dm%lgl‘ézeorgcgﬁtrate P

by providing the difference in etween the [and sur and the

first reCOVerYdPQéétQ%uGEP@%Eer§Hééaﬁ?t@@:fﬁnﬁﬁ%i@gﬁguﬁ%ﬂpmﬁ%[éﬁ®1 in
ot her words, when the space between the | ower surface 26' and the

substrate P isomBsle gl eatier thhadvt hen spaceRet-weanrtbhei band sidace 75
and the substrate P, then the conponent FI' to nove in the upward

direction is genesadedi,i helchaski €5 1dwpd duli@hce Therefofie; iddciiSiepQssi bl e
to make the distance L to have a relatively small value, and it is
possi bl e to suppressh ttheithargensi ziee afntdref sfder 866 L quided ger si on area
LR1. However, the shape of the interface LG tends to be
approximately the same distance as the movement amount of
the substrate P. Therefore, the distance L between the
interface LG' in the initial state and the interface LG in
the predetermined state after the scanning movement has a
relatively great value., Accordingly, the first liguid
immersion area LR1 is increased in size as well. On this
assumption, it is necessary that the nozzle member 70
should ke large-sized as well corresponding to the large
first ligquid immersion area LR1. Further, it is also
required to increase the movement stroke of the substrate
stage PST and the size of the substrate stage PST itself
according to the size of the first liguid immersion area
LR1. Conseguently, the entire exposure apparatus EX
becomes huge in size. The tendency to increase the size of
the first liquid immersion area LRl is conspicuous as the
scanning velocity of the substrate P with respect to the

first liquid immersion area LR1 is highly increased.

[0137] As shown in Fig. 2{b), when the distance between
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col | apsed, because the difference in height is provided between the |and
surface 75 and the |lower surface 26', and the |and surface 75 and the
| ower surface 26' are not formed continuously. Wen the shape of the
interface LGis collapsed, there is such a high possibility that any
i nconveni ence may be caused, in which the gas is m xed into t he first

liquid LQL of the first liquid rS|o are L nd buhb

generated in tﬁE i?%?rlﬁ '%ﬁe Egmﬁ sgre R%ﬁ E %ﬁe sﬁﬁ Ithe P is
scanned at a h velo +X dlre tion, ce of the
difference in %elgh causes?nc Ee a se6%5j¥hesu%a e o?g £Le ?%%erface LG

and the corrpongaﬁsﬂ?téop g IE% &Péfvacﬁ%f%'reﬁete' On hSi J thelieen

i ncreased. As a resu ess is thinned for the first liquid

LQL in the areay.di $ppsed ralet h@ Qﬁélém@rhmt dewiatgdodovard tiheetX side
of the first liquid imrersion area LRlL. Wien the substrate P is noved in

the -X directignrfsadjeot ed et p@r@@yaﬁé@;ersqamm Ag) ot et hid dst,at@ent here
is such a high possibility that a phenonenon arises to break the first

l'iquid LQL intohe potddOnstweknt Are br @ken durquicd ¢seeatdiecisynbalsthi@tei B Fi g.
9(b)) remains, for exanple, on the substrate P, an inconvenience arises
such that any ashesiomitasace (sern Ciad | gohamtbertweankyhe sldot red et Aé
substrate P due to the vaporization of the liquid LQ . Wen the shape of
the interfaceab® flse coldsapsed, Pth@hﬁmrﬁ?dqumPOMﬁqﬁlHlLCEQ TgUtef liews heo t he

outside of the substrate P, and there is
upward direction is generated in the first iiguid LQI.

Therefore, it is possible to make the distance L to have a
relatively small value, and it is possible to suppress the
large size of the first liquild immersion area LR1.

However, the shape of the interface LG tends to be
collapsed, because the difference in height is provided
between the land surface 75 and the lower surface 26", and
the land surface 75 and the lower surface 26' are not
formed continuocusly. When the shape of the interface LG is
collapsed, there is such a high possibility that any
inconvenience may be caused, in which the gas is mixed into
the first liguid LQ1l of the first liquid immersion area
LR1, and any bubble is generated in the first liquid LQL.
For example, when the substrate P is scanned at a high
velocity in the +X direction, then the presence of the
difference in height causes the collapse of the shape of
the interface LG, and the component Fl' to move in the

upward direction is further increased. As a result, the
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such a high possibility to cause any inconvenience including, for exanple,
the rust and/or the electric |eakage in relation to the peripheral nenbers
and the equipnent as well. The possibility of the occurrence of the
i nconveni ence as described above is increased as the scanning velocity is
hi ghly increased for the substrate P wth respect to the first liquid

i mersion area, LRl 0138] In this_enbodi nent, the first_recovery port 22
of the first thﬁkﬂé?%ﬁﬁ%é?ﬁﬁnﬁgcﬁﬁﬁiE%?1?%?$%§ﬁqPFﬁuF91 ?%CUV%FV%a

mechani sm 20) i,s_formed .on.the inclined surface Zg opposed to the surface
of the substrate B’ earteP%lreePOg\l/ no iR tHe 406 tFﬁggri Ahd ?%esjfjlser st

iquid i mrersi gn apear, LR1 fiorard, gn.Lhe. d mags, phane ghde of. the Aol ecti on

99 optical system are relatively nove en’it 'is poss e to mintain

the shape of the;imngrdace Egebekm@§9b${¥%ﬁiﬂgﬂbjekkggigoLgﬂecgeJJFEJi rst

liquid imersion area LRL and the space disposéd outside, and it is
possible to maksighing)han deskredast ate.d.r stheyshapen ofn thes fiyisti thi quid
imrersion area LRL. Therefore, it is possible to avoid the inconvenience
whi ch woul d betipiher Wisegausadar{ ofs examdeax tsuchithatl anyidulgal enks
generated in the first liquid LQL, the liquid cannot be recovered
sufficiently, modcidres.|i qui dheobtdkeowslidthen (ske EhestymecoOVIEr'y iportig22 i S
provided on the inclined surface 26, it is possible to suppress the
nmovenent anoun? (of) titmrainger faceexGplaccandithgl pubetrase hossible to

decrease the size of the first |iquid i mersion
inconvenience arises such that any adhesion trace {(so-

callied water mark) is formed on the substrate P due to the
vapcrization of the liguid LQ'. When the shape of the
interface LG 1s collapsed, then the first ligquid L1
outflows to the outside of the substrate P, and there is
such a high possibility to cause any inconvenience
including, for example, the rust and/or the electric
leakage in relation tc the peripheral members and the
equipment as well. The possibility of the occurrence of
the inconvenience as described above is increased as the
scanning velocity is highly increased for the substrate P
with respect to the first liguid immersion area LR1.

[0138] In this embodiment, the first recovery port 22 of
the first liguid immersion mechanism 1 (first liguid
recovery mechanism 20) is formed on the inclined surface 26
oppoesed to the surface ¢f the substrate P. Therefore, even
when the substrate P and the first liquid immersiocn area

LRl formed on the image plane side of the projection

99



area LRl1. Therefore, it is also possible to realize the conpact size of
the entire exposure apparatus EX. [01391 When the substrate P is scanned at

a high velocity, there is such a high possibility that the first [liquid
LQL of the first liquid imersion area LR1 outflows to the outside and/or
the first liquid LQL of the first liquid inmersion area LRl is scattered

the Tirst IiquFiLet, SBRcuod tHE JATTobGrTY ok 7| Eeoit dca Pt The

the first IiqUl € Wa por i S provided

circunferentia%oegggggg%%h@ﬁ%@%gkgegfsgﬁgafgiég%iﬁ;;Q%Ebg§we@pe@hgrg;fgyI

portion 76 is provi circunferential e of the porous nenber

25, the buffer 1,1&8%%%%? doraed dinside: thegWahle RO @ReZ6rThekefare, 100
even when the liquid LQ arrives at the inner side surface of the wall

portion 76, thepliguidsbQeighibiar mentiher 14 Qi ibTREEST Q818 £0n AR, S
expanded in the buffer space disposed inside the wall portion 76.
Accordingly, itekSrepossitd ercdyo chr ehkpki abl ynaviird tt hegheakageeofidrhe
liquid LQto the outside of the wall portion 76. [0140] The part of the

| and surface 7arghounrl.surdfeaceocak, theibopdtomiplatte poptiiobhd2D) is
arranged under the end surface Ti of the projection optical systemPL to
surround the pnopectnbenay ed ARl woTher b opehetvia esmalbegapfonwhgediop liss
formed between the part of the |and surface 75 (lower surface of the
bottom pl ate perthohhF2Bnakdbie sar faeerated tie ebdirat el P14 ¥rmed in

the vicinity of the . .
the liquid cannot be recovered sufficiently, and the liguid

cutflows. When the first recovery port 22 is provided on
the inclined surface 26, it is possible to suppress the
movement amount of the interface LG. Accordingly, it is
possible to decrease the size of the first liquid immersion
area LRY1. Therefore, it is also possible to realize the
compact size of the entire exposure apparatus EX.

[0139] When the substrate P is scanned at a high
velocity, there is such a high possibility that the first
ligquid LQ1 of the first liguid immersion area LR1 outflows
te the outside and/or the first ligquid LGl of the first
liguid immersion area LRl is scattered to the surroundings.
However, it is possible to suppress the leakage of the
first liquid LQ1, because the wall portion 76 is provided
at the circumferential edge of the inclined surface 26.
That is, when the wall portion 76 is provided at the
circumferential edge of the porous member 25, the buffer

space is formed inside the wall porticn 76. Therefore,
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projection area to surround the projection area. Accordingly, it is
possible to continuously maintain the snmall liquid imrersion area which is
necessary and sufficient to cover the projection area ARL. Therefore, it
is possible to realize the conpact size of the entire exposure apparatus
EX, while suppressing the inconvenience including, for exanple, the

out flow of “the.lLquid 1Qand; the mxing of the 4as,intp the. 11 audlQ of

the liquid imrersion area e substra P Ts nove

(scanned) at aghi gh Vil 0Cidoy s EHr GRerynd ftﬁddiq}liL%,SlwﬂPw L dee 1S

arranged outside the part 'of the land surface 75 (lower surface of the
bottom pl ate por&ipn if4ldrsithenelbor groitid $.00R88k0! ent onpreyend r the gas
(bubble) from 101 mixing into the liquid LQ which forns the liquid

i mersion ar eai ARZsedvien iwkennhtheasubsdrate Pei.s aeveddatgay high is
velocity, it is possible to continuously fill the optical path for the
exposure |ightpbeaihi o treheeliguld.avdidl4he LhRakhge evbodidrentiqudescri bed
above, the inclined surface 26 is fornmed by attaching the thin

pl at e- shaped Pporousthrembésias obl tiggietayl Wiptdrtriesp@ét to the substrate P.
Alternatively, an inclined surface may be provided on the |ower surface of
the nozzl e menb@¥4¥l0 so Thisaratrheo§paed Niggndisstrdnce Wet hivespentr ffaget hé
surface of the substrate P is increased at positions separated farther
fromthe optichlte kiitorAxietet herekposlaly lisght rbesad Bindandtchend qui d

recovery port 22 may be forned at a predeterm ned position
surface T1 of the projection optical system PL to surround

the projection area ARL. Therefore, the small gap, which
is formed between the part of the land surface 75 {(lower
surface of the bottom plate portion 72D) and the surface of
the substrate P, is formed in the vicinity of the
projection area to surround the projection area.
Accerdingly, it is possible to continuously maintain the
small ligquid immersion area which is necessary and
sufficient to cover the projection area ARLl. Therefore, it
is possible to realize the compact size of the entire
exposure apparatus EX, while suppressing the inconvenience
including, for example, the outflow of the ligquid LQ and
the mixing of the gas into the liguid LQ of the liquid
immersion area ARZ, even when the substrate P 1s moved
{scanned} at a high wvelocity. Further, the liquid supply
port 12 is arranged outside the part of the land surface 75
(lower surface of the bottom plate portion 72D).

Therefore, it is possible to prevent the gas {bubble) from
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(in a predeterm ned area) of the inclined surface. The porous nenber 25
may be provided for the liquid recovery port 22. [0142] In this

enbodi ment, the porous nenber 25 is arranged in the first recovery port

22. However, it is also allowable that the porous nenber 25 is absent or
omtted. Also in this case, for exanple, an inclined surface may be

provi ded on t hg.sLoner, sus fage 1qkuihespozzl @ At R20, 90, L haluddie sgpaci ng

di stance with respect to t ace of t trate P'Is increased at

posi tions separakeflr}: ar then, fJhem the opbicalcd 3 AX.0bqt Be £xpagure
| ight beam EL, and the liquid recovery port nmay be provided at a

predet erm ned pesbtief, oft tihe dorelbnedtsutdaceuclld yAgeor dingl ¢ptidali s
possible to maintain the shape of the interface LG and it is possible to
avoi d the incopueni escechavixghswael dibet obdres Wisericausked, 1forniexanpl e, such
that any bubble is generated in the first liquid LQL of the first liquid
i mrer si on areal[bR41] Fur therthe embsdaksot pdssidilbed abodecr elaseindie rsidze of
the first liquid imersion area LRL. [0143] Wen the exposure for the
substrate P issucoapteted,s tthenetihbycontaolinnitheCONInspopse tdleasuppl y of
the first liquid LQL having been performed by the first |liquid supply
mechani sm 10, andothendrilrest 25 ghildab@ly iwittherespiecst thi e dswpmieraficok -ar ea
LRL (first liquid LQL in the first space K1) is recovered by usin for
exanpl e, the PRILESINGH Y r é8oveFyiRRE hall SIR20YFRPt REPVI4¢E %ﬁ't%reo

lower surface of the nczzle member 70 so that the spacing
distance with respect to the surface of the substrate P is
increased at positions separated farther from the optical
axis AX of the exposure light beam EL, and the liquid
recovery port 22 may be formed at a predetermined position
(in a predetermined area) of the inclined surface. The

porous member 25 may be provided for the liguid recovery

port 22.
{0142} In this embodiment, the porous member 25 is
arranged in the first recovery port 22Z. However, it is

also allowable that the porous member Z5 is absent or
omitted. Alsc in this case, for example, an inclined
surface may be provided on the lower surface of the nozzle
member 70 so that the spacing distance with respect to the
surface of the substrate P is increased at positions
separated farther from the optical axis AX of the exposure
light beam EL, and the liguid recovery port may be provided

at a predetermined pesition ¢f the inclined surface.

102



unit CONT recovers the first liquid LQL remaining on the substrate P and
on the substrate stage PST, by using, for exanple, the first recovery port
22 of the first liquid recovery nechanism 20. [0144] As explained with
reference to Fig. 7, the control unit CONT recovers, via the second
recovery ports 42, the second liquid LQ2 in the second |iquid inmersion

area LR2 fornmed in_the cand .space after o etion of . t.he
exposure for t &gl %?? elg lﬁofﬁ%fK%& %%%%aﬁst quU|%piCﬁf(ﬁ?ethe

substrate P and,,.he, seqgnd Jiayid; LGB, &bgfge {4PRS: SUERBOF, I e f I r ot

optical element L[Sl are recovere strate stage supports

the substrate Py;ks #myed Jeo o%neym@@dcmoposflot' %Qamﬂléhes antiole laa;,/t
CONT to unload the substrate P. [0146] The ‘substrate P, which is nexf to

be subj ected tpuphhe BxXpRIMLERHOCESEhe | idRaded.9n the sobsid atia st age
PST. The control unit CONT supplies the second liquid LQ2 to the second
space K2 in ordesuid exposechhersybstr at e dreadedt 0B sheo sthsdinatke tst age
PST. The substrate P is exposed in accordance with the sanme seguence as
t hat descri beddadovmese thel471keThE stiearbtdiarenti gus dconse rucded such.Rlthat t he
second liquid LQ2 in the second space K2 is exchanged for every substrate
P to be exposeii0l4Meverherthéhseenpusuta idxd th@2sbhsthetsetdimd space K2 may
be exchanged at every predetermned tinme interval, every predeterm ned
nunber of completed, then the control unit CONT stops the supply of

the first ligquid LQI having peen performed by the first

liguid supply mechanism 10, and the first liguid LQ1 in the

first liquid immersion area LRl (first ligquid LQl in the

first space K1) is recovered by using, for example, the

first liguid recovery mechanism 20. Further, the control

unit CONT recovers the first liquid Ll remaining on the

substrate P and on the substrate stage PST, by using, for

example, the first recovery port 22 of the first liguid

recovery mechanism 20.

[0144] As explained with reference to Fig. 7, the

control unit CONT recovers, via the second recovery ports

42, the second ligquid LQ2 in the second ligquid immersion

area LRZ2 formed in the second space K2 after the completion

of the exposure for the substrate P.

[0145] After the first ligquid LQO1 on the substrate P and

the second liquid LO2 on the upper surface T2 of the first

optical element LSl are recovered, the substrate stage PST,

which supports the substrate P, is moved to an unload
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substrates to be processed, or every lot, for exanple, provided that the
deterioration of the cleanness and the tenperature change of the liquid
L2 in the second space K2 are in such an extent that the exposure
accuracy is not affected thereby. [0148] The supply and the recovery of
the second liquid L@ may be performed continuously during the exposure of
the substrate P or _befare or after the exp as LI,. .. When the supply
and the recovePﬁséFl?%gb%éié%éx¥ﬁ6ﬁﬁdufté(ggﬁg%ﬁbﬁfggﬁ%dt%%nlﬂﬁﬂﬁﬁ%%y, t he
second space K2 can be always filled with the tenperature-nmnaged and

cl ean second iquid LQ2. On the other hand, when the exposure is
performed in thgiggate s mhigh the.second L] qu d LGP |S,d04,paoled iy the
second space KE, ang t he secéh%tﬁiqﬁid L2 is exghanged Iintermttently for

the second spagg.K2,assif thickesembodi MBMeq the thebLabkopsis NolgLauged by
the supply and the recovery of the second liquid LQ during the exposure

of the substratgeP-&$: desaliikedofPoygep] e d haLa%R AR L hguidrogedur enen
whi ch the supply and the recovery of t%e second liquid LQ2 are

conti nuously peeterdes,iy ikrg ihherdexpesus:erafe tthe substrate P, 1d01d
exanple, if the supply anount and the recovery anount of the second |iquid

LQ2 per unit thnmehareamnstzakl eratherfol | oMiengupassibil Pt ys ardses:d ifthat
is, the second liquid imrersion area LR2 is enornously expanded, the
second |liquid kQRorcdamsuhjvecthedheosthe oefdrow aor thhe deattdréhgiatvethe
inside of the barrel PK, and the
[0147] This embodiment is constructed such that the
second liguid LQ2 in the second space KZ is exchanged for
every substrate P to be exposed. However, the second
liguid LQ2 in the second space K2 may be exchanged at every
predetermined time interval, every predetermined number of
substrates to be processed, or every lot, for example,
provided that the deterioration of the cleanness and the
temperature change of the liguid LQZ in the second space KZ
are in such an extent that the exposure accuracy is not
affected thereby.
[0148] The supply and the recovery of the second liguid
1LO2 may be performed continucusly during the exposure of
the substrate P or before or after the exposure as well.
When the supply and the recovery of the second liguid LQZ
are performed continuously, the second space K2 can be
always filled with the temperature-managed and clean second

ligquid LQ2. On the other hand, when the expcsure is

performed in the state in which the second liquid LQZ is
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damage is increased. If the supply anbunt and the recovery anount of the
second liquid LQ2 per unit tine are unstable, any inconvenience arises
such that the second liquid imrersion area LR2 is exhausted, and the
exposure accuracy is deteriorated. Therefore, when the second liquid LQ
is exchanged intermttently for the second space K2, then it 1is possible

to form the segond.|iquid | mmersion area Lr2 In 2 desiied state, and it is
possi ble to avoid € ‘occurrence e i'nconveni ence as describ above.

0149] There i i bl L h fir Li qui .
Lollu%ed by bL?ﬁ%H%§%$%ﬁ$ﬁ§F§%%k%%?i 2%%%?%? %ﬁ?%ﬁdgggé?%ﬁt%%?iqééggﬁgted

fromthe substLgt&fend NehddiDgrsf 05, EXANRIE ,8RY 4f QF &L 00 JTBIDIES ang
resulting, for 105 exanple, fromthe photosensitive agent (photoresist),

m xing into thendirsdodd:Quicd kL 9fcdhe ﬁiid}'u'iti Lpgubdri hymaisianoanea LRL
(first space K1). There is such a possibility that the |ower surface Tl of
the first optiecalcred enenicrkb2 pays bee polidddcedbeivth the contamdenatrednti r st
liquid LQL, because the first liquid LQL in the first [liquid inmersion
area LRl al so ymkesiwentiactwhwich htitdesdpgpisr ansuthaceedovefy tdie thier st opti cal
elenment LSI. Further, there is also such a possibility that any inpurity
floating in t¥ecaid immypiddhOleate tdreinowers lyupkaterd ofutting fthest
optical element LSI exposed on the inage plane side of the projection
optical systemRos 150] tha eWpstersodi ndne, exhapier sif optd calrrdlvenent LS|

amount and the recovery amount of the second liquid L2 per
unit time are unstable, the fcllowing possibility arises.
That is, the second liquid immersion area LR2 is enormously
expanded, the second liquid LQZ is subjected to the outflow
or the scattering &t the inside of the barrel PK, and the
damage 1s increased. If the supply amount and the recovery
amount of the second liguid LQ2 per unit time are unstable,
any lnconvenience arises such that the second liquid
immersion area LRZ is exhausted, and the exposure accuracy
1s detericrated. Therefore, when the second ligquid LQ2 is
exchanged intermittently for the second space K2, then it
is possibkble to form the second liquid immersion area LRZ in
a desired state, and it is possible to avoid the occurrence
of the inconvenience as described above.

[0149] There is such a poessibility that the first liguid
LQ1l may be polluted by being contaminated, for example,
with any impurity generated from the substrate P,

including, for example, any foreign matter resulting, for
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can be easily attached and detached (exchangeable) with respect to the

barrel PK. Therefore, the deterioration of the exposure accuracy and the
measur enent accuracy via the projection optical system PL, which would be
ot herwi se caused by the pollution of the optical elenment, can be avoided
by exchanging only the polluted first optical elenment LSI with the clean

first optical elepent LSl Q) the.oLbel; hand. Jhe sgeand.Liauid LQ2 in the

second space esS’ not " na ny cont ac t he strate Furt her,

the second spage.K2.i s {he pubgtantially,; closest rpRage surioynded by the
first optical %Féne%t T%Q, the secon uoptﬁgél eﬁenentrLSZ, and the barrel

PK. Theref ore, ;phbes i Spulddy rfhioatk pge i spdde @iy, i gnbaediy giaed into the
106 second liquid LQ in the second space K2, and the inpurity hardly
adheres to thepbewersi i agetT3nef 1bher secondte apt bgakhel enent dpS2cand t he
upper surface T2 of the first optical elenment LS1. Therefore, the

cl eanness i s paentat et fnory teepbolhetes urftacenE3 cohtbhénsesdnith :oit | cal

el enent LS2 and the upper surface T2 of the first optical elenment LS.
Therefore, whehigniy &lle fdecsmseptheafirsi enemtid S01i snekichahiged, then it
is possible to avoid, for exanple, the deterioration of the transmttance
of the projectionidptinssiopseasapPLR] andsd thakespeesipre Wathtidich Lotke
exposure accuracy and the nmeasurenent accuracy. [01511 An arrangenent is

al so concei vedsuffegthith athéhel féurl ortidre rlegenti it d i Mersion area LRL

is allowed to , L , , ,
there is also such a possibility that any impurity floating

in the air may adhere to the lower surface T1 of the first
optical element LS1 exposed on the image plane side of the
projection optical system PL.

[0150] In this embodiment, the first optical element LS1
can be easily attached and detached {exchangeable} with
respect to the barrel PK. Therefore, the deterioration of
the exposure accuracy and the measurement accuracy via the
projection optical system PL, which would be otherwise
caused by the pollution of the optical element, can be
avoided by exchanging only the polluted first optical
element LS1 with the clean first optical element LS1. On
the other hand, the second ligquid LQ2 in the second space
K2 does not make any contact with the substrate P.
Further, the second space K2 is the substantially closed
space surrounded by the first optical element LS1, the
second coptical element LS2, and the barrel PK. Therefore,

the impurity fleoating in the air is hardly mixed into the
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make contact wth the second optical elenment LS2 without providing the
first optical elenent LS1 forned of the parallel flat plate. However, if
it is intended to increase the inmage side nunerical aperture of the
projection optical systemPL, then it is necessary to increase the
effective dianeter of the optical elenment, and it is inevitable that the

opti cal elenent LS2 h s a si ze. The nozzl e menber 70 as descri bed
above and the $8??% §’ flPhEhﬁe%%?ﬁqqufﬁﬁﬁetgzsuéﬁdagh?kﬁ?gﬂrﬂiﬁnent
systen1(a|though qﬂps are ?n ed arqy gp% ment LS2.
Therefore, if sSuch 4 Targe-sized %p Peat ° éiéﬁ%ht L@ exdﬁan ed, then

the operabili t%gﬁtegcggvgft ne 389 LN§ OPSTALIGN A5 dLlibsult g Be o

performed. Fur e optica has the refractive power

(Iens functiope: JherefQis.t USJ.'S REcessaly, that hbengptical el ement LS2
shoul d be attached to the barrel PK with the high positioning accuracy in

order to mai ntahintdenQpticcaknecharaet anl sstdeC 76 BRIGLE O IBLAD D tical _
characteristic) of the entire projection optical systemPL. Therefore, it

is not preferabdmedo favequenthy abtach o detrachs( exehange) ddracaapti cal
el ement LS2 as described above with respect to the barrel PKin view of
t he mai nt enancelofertthelbsdpt | cakre thas actren sl ahet Ber Pt opecitdaan opti cal
system PL (positioning accuracy of the optical elenment LS2) as well. This
enbodi ment i s ebasructsdd isuchchdaged hethregl dtti vel possiml ¢ -1 zedbigar dblre
flat plate is provided as the first
example, the detericration ¢f the transmittance of the
projection optical system PL, and it is possible maintain
the exposure accuracy and the measurement accuracy.
0151} An arrangement is also conceived, in which the
liquid of the first liguid immersion area LR1 is allowed to
make contact with the second optical element LS2 without
providing the first optical element LS1 formed of the
parallel flat plate. However, if it i1s intended to
increase the image side numerical aperture of the
projection optical system PL, then it is necessary to
increase the effective diameter of the optical element, and
it is inevitable that the optical element LS2 has a large
size. The nczzle member 70 as described abcve and the
variocus types of the measuring units such as the alignment
system (although not shown) are arranged around the optical
element LSZ2. Therefore, if such a large-sized optical

element LSZ is exchanged, then the operability is lowered,

and the operation is difficult to be performed. Further,
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optical elenment LS1, and the first optical elenent LSl is exchanged.
Therefore, the operability is satisfactory, and the exchange operation can
be perforned with ease. It is also possible to maintain the optical
characteristic of the projection optical systemPL. Further, the exposure
apparatus EX is provided with the first and second liquid inmersion

mechani sns 1, whi ch.are capabl e L ndependent | y .suppl ying
recovering the%PFrgPQéﬁ%f§%%5ﬁﬁt Pg%uP%SL ° T %%?ﬁ%r g%%%t(ﬁﬁgﬁhe first

space KI di sposgflocp0,ihe aldeQlolhe.| pues. siudace (Jheotntgpdidat optical

el ement LS1 an € Second space I sposed on the side of 'the upper

surface T2 of %E‘SméhESis?péﬂ&ﬂ!d gkegent k&l td asRedki-veh ypr Agcar ditegl y, the
exposure |ight beam EL, 108 which is radiated fromthe illum nation optica

system L, ispsyrcessiuldyim) l.ewedato satésdactQf iaynakihvenatoddieal
substrate P arranged on the image pl ane side of the projection optical
system PL whi | enhaRhst @i 1é g teagel eapnessowfcdrechiersttand second |iquid
LQL, LQ@. [0152] As explained above, the space between the substrate P and
the | ower surfaeeifd pfoidreifdnr shtdpticaystet eitent Th8tesréi | 1edisnndt t he
first liquid LQL, and the space between the second optical elenent LS2 and
the upper surbaeef@bf the figusntopt dtadcielammeitetesh i(ex¢haned wiltth the
second liquid LQ2. Accordingly, the exposure |ight beamEL, which has
passed t hr oughophécabsklderdanSBeasafitowetbed dutviesfathoF 5@ riv et the

substrate P, and _ .
barrel PK in view of the maintenance of the optical

characteristic of the projection optical system PL
(positioning accuracy of the optical element LSZ) as well.
This embodiment is constructed such that the relatively
small-sized parallel flat plate is provided as the first
optical element LS1, and the first optical element LS81 is
exchanged. Therefore, the operability is satisfactory, and
the exchange operation can be performed with ease. It is
also possible to maintain the optical characteristic of the
projection optical system PL. Further, the exposure
apparatus EX is provided with the first and second liquid
immersion mechanisms 1, 2 which are capable of
independently supplying and recovering the first and second
liquid LQ1, 122 with respect to the first space Kl disposed
on the side of the lower surface Tl of the first optical
element LS1 and the second space K2 disposed on the side of
the upper surface T2 of the first optical element LS1

respectively. Acceordingly, the exposure light beam EL,
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the substrate P can be exposed satisfactorily. The second |iquid inmersion
area LR2 of the second liquid LQ is locally forned on the side of the
upper surface T2 of the first optical elenent LSl. Therefore, it is
possible to avoid the inconveni ence which would be ot herw se caused, for
exanpl e, such that the second liquid LQ of the second |iquid inmersion

area LR2 is pol]uted. .Q.the_contact of  the.,second |liquid f.or
th&% 19L$54£éte§ngro?h€h% fﬁlﬂmﬁﬂgtlon O tlca#nﬁyéég% T'L

exanple, with t arre arre incl udirng itst support

section 91 is igeg@&@g%zqugbgﬁ@aeée&&;%éﬂs%iccé_ok%%séﬁ 4 e sseond

liquid imersion area L ornmed | oc y, It isp e to avoid the

i nconveni ence whb&he ywaulpd be .qrber i senSaused cSush that dhegsecond Iiquid
LQ2 leaks to the outside of thé 109 barrel PK "Therefore, when any seal

mechani smis ppoyiéed ol Rpardel bosempis the lleakageaof s tdhersecond |iquid
LQ2, the seal nechani smcan be constructed sinply and conveniently.

Al ternatively, cidenseal arechanic s treyndes @t edqui8153], Thee out er di aneter
D3 of the lower surface T3 of the second optical elenent LS2 opposed to
the first optit@ls52kl emdnt ekBSlaisesnabdwer, tthanspheecobéere«h artret er D2 of the
upper surface T2 of the first optical elenent LS1. Therefore, the second
l'iquid imersiomaread R2andhtlod haser the fsicze Teobfesponth 1 topttilke 11 ower
surface T3 of the second optical elenment LS2, can be formed locally and
sati sfactoril yebrarhe Lgppers Suriedesf dfhet He rbicr $iaopd ileal, aeldermbnrt LS1.

It is possible to further reliably avoid the
space between the second optical element LS2 and the upper

surface T2 of the first optical element LSl is filled with
the second liquid LQ2. Accordingly, the exposure light
beam EL, which has passed through the mask M, can be
allowed to satisfactorily arrive at the substrate P, and
the substrate P can be exposed satisfactorily. The second
liquid immersion area LR2 of the second liguid LQOZ is
locally formed on the side of the upper surface T2 of the
first optical element L31. Therefore, it is possible to
avoid the inconvenience which would be otherwise caused,
for example, such that the second liguid LQZ of the second
ligquid immersion area LRZ is polluted due to the contact of
the second liguid LQZ2, for example, with the barrel PK, and
the barrel PK including the first support section 91 is
deteriorated by the second liquid LQ2. When the second
liguid immersion area LR2Z is formed locally, it is possible
to avoid the inconvenience which would be otherwise caused

such that the second ligquid LQ2 leaks to the ocutside of the
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| eakage of the second liquid LQ2 fromthe circunference of the upper
surface T2 of the first optical elenent LS1. [0154] In the enbodi nent
descri bed above, the upper surface T2 of the first optical elenment LSl is
provided wth the second area HR2 having the liquid repellence in order
to avoid, for exanple, the | eakage of the second Iliquid LQ. However, as

schematical ly ghown,ipyFi Gr,1Q.rc3. bank, POLY i Q0 1DRPRY P& Pr O A8A do0

surround the first area HRL on the upper surface T2 of the first optical

element LSL. ALsg ip tfl S;Ma¥% cht 18200581 df arleo savehd 1heuieakage thef the
second liquid LQ2 of the second liquid imersion area LR2 fornmed in the

first area HRlgehd hLbdSandn @R@epeNtond heuedd Galppat Bné ofoden ieqpasur e

| i ght beam 110 EL in the second space K2 may be filled with the second
liquid LQ2 by steekngtavfnedeter skatdmadpuntsiofmayheesendhded ] iquid LQ2 in
the bank portion DR The second liquid LQ, which has overflowed fromthe
bank portion DRODE3Whi clThes oultiekebByatoteverF |ivthrayolier r ecofered.3 [F155]
In the enbodi nent described above, the liquid recovery port is provided on
the inclined stuhtasecodd tdygidedwelesant ac®? ofpidsecnorztiee nBivber of0-i(dadwer
surface of the porous nenber). However, when the | eakage of the liquid LQ
i s successful | ylsuppt es¥led,s tshellpguider edoy erateport afalebel? provitfed on
the surface which is substantially parallel to (flush with) the Iand
surface 75, wiphpar $orfarg Tthef thel fhedt St SheFARE | biver surface of

the nozzl e menber L ,
Therefore, the second liguid immersion area LRZ, which has

the size corresponding to the lower surface T3 of the
second optical element LS2, can be formed locally and
satisfactorily on the upper surface T2 of the first optical
element LS1. It is possible to further reliably avoid the
leakage of the second liquid LQ2 from the circumference of
the upper surface T2 of the first optical element LS1.
[0154] In the embodiment described above, the upper
surface T2 of the first optical element LSl is provided
with the second area HR2 having the liquid repellence in
order to avoid, for example, the leakage of the second
liquid LQ2. However, as schematically shown in Fig. 10, a
bank portion DR may be provided to surround the first area
HR1 on the upper surface T2 of the first optical element
LS1. Also in this way, it is possible to avoid the leakage
of the second liguid LQ2 of the second liquid immersion
area LR2 formed in the first area HR1. In this

arrangement, the optical path for the exposure light beam
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70. That is, the first liquid recovery port 22 nmay be provided as shown in
Figs. 9(a) and 9(b) provided that the I|iquid LQL can be recovered w thout
causi ng any | eakage even when the novenent velocity of the substrate Pis
i ncreased, for exanple, when the contact angle of the liquid LQL with
respect to the substrate Pis large, or when the ability to recover the

liquid LQL fromthe fifSlecdiRCQYELY Qr&af%@yﬁtﬂgedf L5 sh LRE OYEL Y lchani sm

20 is excellent. [0156] In the enbodi nent described above,

portion 76 is prgvidethaty} he &iihguAf sreatialnigage sabuhbeori agd inad, surface
(l ower surface of the porous nenber) fornmed on the |ower surface of the
nozzl e nenber IQguidlidovwevenhe waan pbeclsakage afiet Bechbhgui dpbd isso,

successfully suppressed, it is also possible to omt the wall portion 76.
[0157] In the ehbodi mentowdestvivbad fabavese theipaoct-t@abn bReot and qurifsace
(flat portion) 75 of the nozzle nenber 70 is forned between the projection
optical systemiPkebndcd heverdibst rake B wcbwdred.ncl i ned surface (| ower
surface of the porous nenber) is forned at the outside thereof. However,
the part of théOlanld surfraddenmaybbéinentanipect divesi deovéar dund)iqitiel end
surface Ti of the projection optical systemPL with respect to the optical
axi s of the prefectioraptiicabraystiem PL, thenstneddnefl berhgcarafanged under
the projection_optical systemPL. In this

lower surface of the nozzle member 70 (lower surface of the

porous member). However, when the leakage of the liguid LQ

is successfully suppressed, the ligquid recovery port may be

provided on the surface which is substantially parallel to

(flush with) the land surface 75, without forming the

inclined surface on the lower surface of the nozzle member

70. That is, the first liquid recovery port 22 may be

provided as shown in Figs. 9(a) and 9(b) provided that the

liguid LQl can be recovered without causing any leakage

even when the movement velocity of the substrate P is

increased, for example, when the contact angle of the

liquid LQl with respect to the substrate P is large, or

when the ability to recover the liquid LQ1 from the first

recovery port 22 by the first recovery mechanism 20 is

excellent.

[0156] In the embodiment described above, the wall

porticn 76 is provided at the circumferential edge of the

inclined surface {lower surface of the porous member)

formed on the lower surface of the nozzle member 70.
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arrangenment, the land surface 75 may be substantially flush wth the end
surface Ti of the projection optical system PL. Alternatively, the
position of the land surface 75 in the Z axis direction nmay be separated
inthe +Z direction or in the -Z direction fromthe end surface Ti of the
projection optical systemPL. [0158] In the enbodi nent descri bed above, the

liquid supply RQibed? LiSed arEdheabe sanuhary slditr shapedstioce ssraynd t he
projection area ARL. However, a plurality of supply ports, which are

separated fromseagheotber ,1418)s BE soppe¥kdete 14 drtiics taer anyengstt, idhe
positions of the supply ports are not specifically limted. The supply
ports may be pmovi ded one by one on the both sides of the projection 112
area ARL (on the both sides in the X axis direction or on the both sides
in the Y axis dionsgi on)In Alteerandbidvekyt déheriswgplapopert shanyable Pf ovi ded
one by one (four in total) on the both sides of the projection area ARL in
the X axis direet lendand: tde Y faxitspdirtietni ot dit the abgelal howsbt €0 t hat
only one supply port nmay be provided at a position separated in a

predet er m ned disr éctiron g tteareshecrreoetheon prodjiectl onshtear ARINDridid ded
that the desired liquid imrersion area AR2 can be forned. In the

enbodi ment  desebibedtabbveind Faef ipstigepptyr Fort (12VFE proevRdRP Attt he
position opposed to the substrate P. However, there igﬁFno limtation

thereto. For eR&FpHe, TeMeeY)i rist forg6rd2E P il PéiSs TpFFFRA- f r di T He 'space

nthe fir i .
between the t%% Sgitcg% the land surface may be arranged outside

(around) the end surface T1 of the projection optical
system PL with respect to the optical axis of the
projection optical system PL, instead of being arranged
under the projection optical system PL. In this
arrangement, the land surface 75 may be substantially flush
with the end surface Tl of the projection optical system
PL. Alternatively, the position of the land surface 75 in
the 7 axis direction may be separated in the +72 direction
or in the -Z direction from the end surface Tl of the
projection optical system PL.

{0158] In the embodiment described above, the liquid
supply port 12 is formed to be annular slit-shaped to
surround the projection area ARL. However, a plurality of
supply ports, which are separated from each other, may be
provided. In this arrangement, the positions of the supply
ports are not specifically limited. The supply ports may

be provided one by one on the both sides of the projection
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el ement LS1 and the bottomplate portion 72D. Also in this arrangenent,
the supply port may be provided to surround the optical path for the
exposure light beamEL. Alternatively, the supply ports may be provided
one by one on the both sides of the optical path for the exposure |ight
beam EL. Wen the quuid LQis supplied froma plurality of supply ports,

the anounts of _th t e_s I|e fr the Les ectlve supply
g J-dz oqa Lt(% %OtBhS %QQ dc Q d)rf%%

ports may be jUSt “hat |qU|d nay é suppfled i f'erent

amount s from”ﬂﬁerﬁéﬁ?cstl&’e% S.L%pl%¥ 90%§§s 40129); As ﬁi“@ek L H % 11 a

plurality of fin nmenbers 0 may be ormed on the incline surfa ¢ forned

on the | ower %Héf@@l};ﬁ% flﬁaleesn%gfl Be BADEI 4D JrlcOWer oaur f ager of n the 4113

por ous nenber 25) n menber 150 is substantially triangular as

viewed in a side vhewoAs sshewnoitnthBepsdde-t iseChirenahryi ew tie B Gxibl, the
fin nmenbers 150 are arranged in the buffer space fornmed on the inner side
of the wall pattéottdib and tor tthexh owetrsurifcace af theapeos ousl avener  25.
The fin nenber 150 is attached to the inner side surface of the wall
portion 76 radia&tyorsiy tdvat stibelyl pogt trudy sl cdiovédetoatt hepeoftie direct ed
outwardly. In this arrangenent, the plurality of fin nenbers 150 are
separ at ed fronsepetaisichem aandetheespaces drmedtormeditbet wwerct Heo the
respective fin menbers 150. when the plurality of fin menbers 150 are
arranged as deBEPided abgvea PR1j Bropuded Blhett dhinéreased t hsdtidui d cont act

area on the _ , .
immersion area ARZ can be formed. In the embodiment

described above, the first supply port 12 is provided at
the positicn opposed to the substrate P. However, there is
no limitation thereto. For example, the first ligquid LQl
may be supplied from the space between the first optical
element LS1 and the bottom plate portion 72D. Also in this
arrangement, the supply port may be provided te surzound
the optical path for the exposure light beam EL.
Alternatively, the supply ports may be provided one by one
on the both sides of the optical path for the exposure
light beam EL. When the liguid LQ is supplied from a
plurality of supply ports, the amounts of the liquid LQ to
be supplied from the respective supply ports may be
adjustable so that the liguid may be supplied in different
amounts from the respective supply ports.

[0159] As shown in Fig. 11, a plurality of fin members
150 may be formed on the inclined surface formed con the

lower surface of the nozzle member 70 (lower surface ¢f the
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inclined surface (lower surface of the porous nmenber 25) fornmed on the

| ower surface of the nozzle nmenber 70. Therefore, it is possible to

i nprove the performance to retain the liquid LQ on the |ower surface of
the nozzle nenber 70. The plurality of fin nmenbers 150 may be provided at
equal intervals. Alternatively, the plurality of fin nenbers 150 may be

brovi ded at ungqual,oi RLALYAI Sy, . Fahoexanblen,de dnter abs ofcthe fin

menbers 150 arrange on t oth sides in't axis direction w

respect to the praLeek ol ar.€a AR MY D Sele 0 be shBlLeinthgn dhe
intervals of the fin nmenbers 150 arranged on the both sides in the Y axis

direction withgskeespegtlteidhe Prajectiontids egin ARhbekt 150p4LE ef @bl eyelchat
the surface of the fin nenber 114 150 is liquid-attractive with respect to
the liquid LQ inThgefbaf ferberackS5@ omaydben fatdredhray appkybngthdesd GO DEP"
treatnment or the "GOLDEP WHI TE" treatnment to stainless steel (for exanple,
SUS 316). Alteppativel y6 4k dni mhemdober 450f30an dfe ther pedoo$ , mérgrerexanpl e,
glass (silica glass) as well. [0160] Next, another enbodinent will be
expl ai ned wit h25ref Bnentien teerfiey. 132, ik nathectas] [towithg deseripidon, the
same or equivalent constitutive portions as those of the enbodi nment

descri bed abovevafecdest ght e lBy reheiganmtt rafigrldacéontifiidkalse any

expl anation of which will be sinplified or omtted. [0161] Also in this
enbodi nent , catRIGE T YRGS (Lirection thereof is directed outwardly. In

this arrangement, the plurality of fin members 150 are
separated from each other, and the spaces are formed
between the respective fin members 150. When the plurality
of fin members 150 are arranged as described above, it is
possible to increase the liquid contact area on the
inclined surface {(lower surface ¢f the porous member 25}
formed on the lower surface of the nczzle member 70.
Therefore, it is possible to improve the performance to
retain the ligquid LQ on the lower surface of the nozzle
member 70. The plurality of fin members 150 may be
provided at equal intervals. Alternatively, the plurality
of fin members 150 may be provided at uneqgual intervals.
For example, the intervals of the fin members 150 arranged
on the both sides in the X axis directicon with respect to
the projection area ARl may be set to be smaller than the
intervals of the fin members 150 arranged on the both sides
in the Y axis direction with respect to the projection area

AR1. It is preferable that the surface of the fin member
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optical elenment LS1 and the second optical elenment LS2 is supported in the
substantially stationary state by the barrel PK with respect to the
optical path for the exposure |ight beam EL. [0162] Wth reference to Fig.
12, the first optical elenment LSl is a parallel flat plate in which the

| ower surface Ti and t he upper surface T2 are in parallel to each other.

The | f d t f T2 tanti al 1 el

e A L L e R ML IR T ER Pl

support secti Oﬁ‘hﬁlfuﬁ”n‘?e‘{q'\bde%d 130 Fnhg "‘ﬁém?e”ad bng %P%Pz%”ghe Pl%oﬁa‘y"a”ge
iC rt°o v f e

portion Fl, serves as a su ectl ; I's provided at an

upper port|0n Qgegkﬁéﬁﬂrég ﬂN@”"%@hDﬁbQﬁ%ﬂh?l%Qeg%%eBIh@of5£§£nﬁ£ﬂport

section 91 supports the first optical element LS1 by supporting the | ower

surface T5 of stheflange.paphieonshk. 316 thl@t%%@@%@“@]ot , thdes 4 pwer
surface T5 of the flange portion FI is also substantially parallel to the

XY plane, and hbebéoVETC sidnf aee rdbmed dhe rdd angeppert HoAs&1(d s for ned
around the |l ower surface Ti of the first optical elenment LS1. (0163] The
di stance (thickhess) &4l Wedtiveen the | ower surface Ti and the upper surface
T2 of the first optical elenment LS1 on the optical axis AX of the
projection opft¢ted] systemtPLansthet ¢rdssiidran ¥51imbe Asx@l snedlwartinf i ed
fromFig. 12, the distance HlL between the |lower surface Ti and the upper
surface T2 of thkefdrcst tgptfigal 12. In the following description, the

same or equivalent constitutive portions as those of the
embodiment described above are designated by the same
reference numerals, any explanation of which will be
simplified or omitted.

[0161] Also in this embodiment, each of the first
optical element LS1 and the second optical element LS2 is
supported in the substantially stationary state by the
barrel PK with respect to the optical path for the exposure
light beam EL,

[0162] With reference to Fig. 12, the first optical
element LS1 is a parallel flat plate in which the lower
surface Tl and the upper surface T2 are in parallel to each
other. The lower surface Tl and the upper surface T2 are
substantially parallel to the XY plane. The first optical
element LS1 is supported by a first support section 91
provided at the lower end of the barrel PK. A flange
portion Fl, which serves as a support objective portion, is

provided at an upper portion of the first optical element
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el ement LS1 on the optical axis AXis greater than the distance between
the substrate P and the |lower surface Ti of the first optical elenent LSI.
That is, the thickness of the first optical elenent LS1 on the optical
axis AXis fornmed to be thicker than the liquid LQL. Also in this

enbodi ment, the thickness of the liquid LQL is about 3 mm The di stance
bet ween the Iaqglsur&gce /5 and the subs rate P is %Q%UEP% QQ} sin this

enbodi nent, thé"thickhess “HR 6T PRORS |rs s%lcéﬁ@ﬂ enen IS about 15
mm However, there.is tat i,Qn et 0., The thi ckness-Hl. can be set
W thin a range gglg %u? A{"Léﬁ ? nn?s%0164 e second optl%al el enent

LS2 is supportegd.by,a, ég&gngi§p@ﬁortIgeggggngéygd@yﬁggtlstggoybg@p over the
first 116 support SeC%IOH 91 in the barrel PK A flange portion F2, which

serves as a SURREkhLcObPecti uadPantineR, pbst psOViided at scaBudppefit porty on of
the second optical elenment LS2. The second support section 92 supports the

second optical paekenenttd S2hdwrsuppeet i agdttie: flarge sparkconTF2of Tre: | ower
surface T3 of the second optical elenent LS2 is formed to be flat or

pl anar. The | ow@engdrface: I3 mOf itshdoseednarowpt itdal lelwementir £82e sUlpport ed
by the second support section 92 is substantially parallel to the upper
surface T2 of the firsstowiptdadalelelenentSLS1 supported by the first support
section 91. On the other hand, the upper surface T4 of the second optical
el ement LS2 is[PabAbd t ollire iorivaxet dwatekne 4 dbj ecttvgraneREt oWeRd t he

mask M, and has a positive
surface Tl and the upper surface T2 of the first optical

element LS1 on the optical axis AX of the projection
optical system PL is not less than 15 mm. As also
clarified from Fig. 12, the distance Hl between the lower
surface Tl and the upper surface T2 of the first optical
element LS1 on the optical axis AX 1is greater than the
distance between the substrate P and the lower surface Tl
of the first optical element LS1. That is, the thickness
of the first optical element LS1 on the optical axis AX is
formed to be thicker than the liguid LQl. Also in this
embodiment, the thickness of the liquid LQ1 is about 3 mm.
The distance betwsen the land surface 75 and the substrate
P is about 1 mm. In this embodiment, the thickness Hl of
the first optical element L81 is about 15 mm. However,
there is no limitation thereto. The thickness H1l can be
set within a range of about 15 mm to Z0 mm.

{0164] The second optical element L5352 is supported by a

second support section 92 which is provided over the first
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refractive power. [0165] The first optical element LSl can be easily
attached and detached with respect to the first support section 91 of the
barrel PK. That is, the first optical elenent LSl is provided
exchangeably. The second optical element LS2, which has the refractive
power (lens function), is supported by the second support section 92 of

the barrel PK kDpgost ale-ofcpeiing satbstactoridy, ﬁo%ilkhQQeﬁort{P&@fﬂz,The
upper surface T2 of the first optical elenment LS1 having the flange

portion Fl is fBigrdsépvde assuf upbept | yr@ater dhanohhei b opes, siwd age T3
of the second optical elenent LS2. The outer dianmeter D3 of the 117 | ower

surface T3 of theusgeonshoptdrcalr eheneatodb2oppesedieihent hest ) r stheopti cal
elenent LS1 is snmaller than the outer diameter D2 of the upper surface T2
of the first opefead swmmeEntsck8lonTh2 segond d ithrl decmm@rgpoicarea LR2 is
locally fornmed by the second liquid LQ on the upper surface T2 of the
first optical elengnt 1LE1.by 616P2rThey dilst diiceddl pbetwernt? he Trowerowsur f ace

Ti and the upper surface T2 of the first optical elenment LSl is |onger
than the di st anéefdee bet idedbehecappéroriurdadic e lrmept LERel s i fxtmeghttiocal
el ement LS1 and the |ower surface T5 of the flange portion Fl. In this
enbodi ment, theSout®r OWiFdReeér DBROf IO dpPdrcsurfaré T2° oTe I first

opti cal elenggétiéglrg\gﬁé ttgg2f£5%$§}éggtg§3thlsggoggtsﬁé%£¥%lg¥btion
82 is substantially parallel to the upper surface T2 cof the
first optical element LS1 supported by the first support
section 91. On the other hand, the upper surface T4 of the
second optical element LS2 is formed to be convex toward
the object plane (toward the mask M), and has a positive
refractive power.
[0165] The first optical element LS1 can be easily
attached and detached with respect to the first support
section 91 of the barrel PK. That is, the first optical
element LS1 is provided exchangeably. The second optical
element LS52, which has the refractive power (lens
function), is supported by the second support section 92 of
the barrel PK in a state of being satisfactorily
positioned.
[0166] The upper surface T2 of the first optical element
L81 having the flange portion Fl1 is formed to be
sufficiently greater than the lower surface T3 of the

second optical element L$2. The outer diameter D3 of the
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| ess than twice the outer dianmeter D1 of the |ower surface T1 of the first
optical elenent LS1. The first optical elenment LS, which has the | ower
surface T5 of the flange portion FI supported by the first support section
91, has the lower portion which is exposed (which protrudes) downwardly
fromthe | ower surface PKA of the barrel PK [0168] At least a part of the

nozzl e nember 7Quks s@Ffanged iz the spagcses fQaedibetvwaen: the sihstate P
and the flange portion FI of the first optical element LS1 and the first

support secti oRo9iné ofi sdppgitiicag theméhangel ipokkia0lekl thdm eidhestwerds,
the flange portion (support objective portion) FI of the first optical

el ement LSl andiaidecfirstosSupponbpsecthomm@l Mo fsupport g dgre fadiange 118
portion F1 are provided over (above) the nozzle nmenber 70. The upper
surface 70B of el heemozizde. néEieese?Oni sl oppiosddrteasitheatonerRSursf ace T5 of
the flange portion FI of the first optical elenment LS1 and the | ower
surface PKA of lphelbarfeinedPky Ahei paneendidersigr f&gec70Thof uiar nozzl e
menber 70 is opposed to a side surface C of the first optical elenent
LS1. [0169] Théuhbzet ef fretthéhe7dirahi ehtise larrléfged bAder the flange
portion FlI, is arranged cIose,I¥ to the side surface C of the first
optical el ementOl&H]l “Thelig St alppl ¥t prtvwecr2 thghileler sSpF i dedd £6F the
nozzl e nmenber 70, is provided cl oseI%/ to the projection area AR The first

recovery port tP2 URRfTHYLCE hedOt o S iguitd P CAl of EREF VN ted "AR s

longer than the distance H2 between the upper surface TZ of
the first optical element LSL and the lower surface T5 of
the flange porticn Fl. In this embodiment, the outer
diameter D2 of the upper surface T2 of the first optical
element LS1 having the flange portion Fl is set to be not
less than twice the outer diameter Pl of the lower surface
T1 of the first optical element LSl. The first optical
element LS1, which has the lower surface TS5 of the flange
portion F1 supported by the first support section 21, has
the lower portion which is exposed {which protrudes)
downwardly from the lower surface PKA of the barrel PK.
[0168] At least a part of the nozzle member 70 is
arranged in the space formed between the substrate P and
the flange portion Fl of the first optical element LS1 and
the first support section 91 for supporting the flange
portion Fl. In other words, the flange portion (support
objective portion) Fl of the first optical element LS1 and

the first support section 21 for supporting the flange
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al so provided closely to the projection area AR The outer dianeter D22 of
the first recovery port 22 is provided to be snaller than the outer

di aneter D2 of the upper surface T2 of the first optical elenment LSI.
[0170] The bottom plate portion 72D, which fornms the |and surface 75, is
arranged to creep into the space under the |lower surface Ti of the first

optical el em?n%o!f%%on P14 ﬁ%v%@hab{?@gl %@nk%sﬁf%%ed&éﬁéﬁw@z of

the wupper surface T2 of the ' first optica I's” greater than the

outer dianeter R gfpthesl.omele 5UBf 8eecdi . noMre repgeif heal s Yopddieputer
di aneter D2 of the upper surface T2 is not |less than twi ce the outer

di ameter D1 of théhecheonwerusindeagce &F. «Ther ef e poviennt he §frete optdsgal 119
el enent LS1 is supported by the first support section 91, the first

support secti onpfbrasuppordntngstthendli tisé opidcalurfakenent LSlticambeel
provi ded at the position separated far fromthe optical axis AX of the
first optical EBKenelt 1u8kr isideebatfare t 00T hef howi nontaé wémest i7dn,isby
allowing the first support section 91 to support the end portion of the
upper surface TRP¢F¢@nge PperireoauFFice Theraf e firsksorposst blememtsecur e
the space between the first support section 91 and the side surface C of
the first opti%%}' el enent LS1 (space around the first optical elenent

LS1). The nozg&eﬁgenber 70, which is provided for the first liquid LQL,
can be arrangef®1%°t he SH&c@°zTh stair@hgehemhichs ifofrBrrerd ethdsE Shey t he
0. It

nozzl e menber is also .
lange porticn F1, is arranged closely to the side surface

Cl of the first optical element 1LS1. The first supply port
12, which is provided for the nozzle member 70, is provided
closely to the projection area AR. The first recovery port
22, which is formed to surround the projection area AR, 1is
also provided closely to the projection area AR. The outer
diameter D22 of the first recovery port 22 is provided to
be smaller than the outer diameter D2 of the upper surface
T2 of the first optical slement LS.

[0170] The bottom plate portion 72D, which forms the
land surface 75, is arranged to creep intoc the space under
the lower surface T1 of the first optical element LS.
[0171] As explained above, the outer diameter D2 of the
upper surface TZ of the first optical element LS1 is
greater than the outer diameter D1 of the lower surface TI.
More specifically, the outer diameter D2 of the upper
surface TZ is not less than twice the ocuter diameter D1 of

the lower surface T1. Therefore, when the first optical
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possible to inprove the degree of freedomof the arrangenment, for exanple,
when various neasuring units such as the alignnment systemare arranged. It
is also possible to inprove the degree of freedom of the design of the

measuring unit or the like to be arranged in the space, because the space
is sufficiently secured. The outer dianeter D2 of the upper surface T2 of

the first opticalpc.gtepent;dSld3MQh LESent han diicebhe qutelodianeter Dl
of the |lower surface Ti, and the outer dianeter D1 01P the |ower surface

Ti of the firstreptical ehsmant 3tibs rsuffighentiny smal kerst hamihe upper
surface T2. Therefore, the first liquid LQL of the first [iquid inmersion

area LR1 formedechygnthesfi¢st ded quicd: ievessi one mechianiosnsdphsateatlefd4xo 120
have a contact with the Iower surface Tl, and thus the size of the first

| i qui d i mrersi gmoar ehe LR1t el bexidedKeasethe déjperidionrdg ionlt heéehemerlSur f ace
TI. Therefore, it is possible to avoid the inconvenience of the enornous
increase in size oblthecentd rdcexposaretappaiegasiEX Wi ehlovbud d-ise

ot herw se caused by the enornous increase in size of the first qucui d

i mer si on areafiR$T FhEPGizeseq3esi Eioh) ErRME: filYesenfebBybl 9o por t is
regarded as one of the factors to determne the size of the fjrst liquid
i mrersi on areaUPREC FoWedeEt T4 H 16tiE&r PAF ahR®t e D22 THFTEABT S f i 15t T ecovery
port 22 is smaller ,tgan t he out er di amaterb D2 of t&gefugggr gur(gi;;\tce T2 of
the first opti8aPSéPefent S9%8ITe Fhér 8Pore, PTHVTS possitbiratt 3"t ease the
size of the section 91 and the side surface Cl of the first optical
element LS1 (space around the first optical element LS1).
The nozzle member 70, which is provided for the first
liguid LQ1l, can be arranged in the space. This arrangement
is not directed te¢ only the nozzle member 70. It is also
possible to improve the degree of freedom of the
arrangement, for example, when various measuring units such
as the alignment system are arranged. It is also possible
to improve the degree of freedom of the design of the
measuring unit or the like to be arranged in the space,
hecause the space is sufficiently secured. The outer
diameter D2 of the upper surface TZ of the first optical
element LS1 is not less than twice the outer diameter D1 of
the lower surface T1, and the outer diameter Dl of the
lower surface Tl of the first optical element LS1 is
sufficiently smaller than the upper surface TZ. Therefore,

the first ligquid LQ1l of the first liguid immersion area LRIl

formed by the first liguid immersion mechanism 1 is made to
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first liquid imersion area LRL. [0172] The distance Hl between the | ower
surface Ti and the upper surface T2 of the first optical elenent LSl is
greater than the distance between the first optical elenment LS1 and the
substrate P. Mdre specifically, the distance H is not |ess than 15 mm
and the first optical elenent LS1 is thick. Accordingly, when the first

Frrst support "ELET o UE WRTER SUBPBITE (HE T Fol Lopt aar™ olidtert (Est,
can be provided.af, %h@ugg§ﬁggggds§ {ﬁ%qfaea fromthe Loyer surface Tl of
the first optlcal enment I'n re ion 10 the vértical irection, by

al lowing the  &LESLASHIPRAT tr8eebhon i £0.SURROr bbbesportion 4 sposed i n

121 the vicinity of the upper surface T2 of the first optical ~ el ement LSI1,

i.e., the flangespartd an Bhofiar chor mach g enldePel sHEfacerd:d n this
enbodi ment. Therefore, it is possible to secure the space between the

substrate P angncidesd qwekisurhacend Se0fi dtdhexbbange pepdronuFleofuntiba first
optical elenment LSl (space around the first optical element LS1). The
nozzl e nmenber woucamdetacrangededimsddherspace enoThbss al ra@angenenin isg zaot
directed to only the nozzle menber 70. It is also possible to inprove the
degree of freedbmheoffitsé Adinangeiemtysfar ageanpRé, whee sdard ous nmeasuri ng
units such as the alignnent systemare arranged. It is also possible to

i mprove the de@ﬁ%ﬁ%ﬁﬂbnfr@édéhﬁoflt%@ refesiegy. PThe Rdzs erqmaised 26 eanm be

arranged closelg RS

e factors to determine the size of the first liguid
immersion area LR1. However, the outer diameter D22 of the
first recovery port 22 is smaller than the ocuter diameter
D2 of the upper surface T2 of the first optical element
Lsi. Therefore, it is possible to decrease the size of the
first liguid immersion area LR1.
[0172] The distance H1l between the lower surface T1 and
the upper surface T2 of the first optical element LS1 is
greater than the distance between the first optical element
L3831 and the substrate P. More specifically, the distance
Hl is not less than 15 mm, and the first optical element
LS1 is thick. Accordingly, when the first optical element
L81 is supported by the first support section 91, the first
support section 91, which supports the first optical
element LS1, can be provided at the position separated far
from the lower surface Tl of the first optical element LS1
in relation to the vertical direction, by allowing the

first support section 91 to support the portion disposed in
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the side surface O of the first optical elenment LS1. Accordingly, it is
possible to realize the conpact size of the nozzle nenber 70, and it is

possi ble to decrease the size of the first liquid imrersion area LRl of

the first liquid LQL. Therefore, it is possible to avoid the

i nconveni ence of the enornous increase in size of the entire exposure

apparat us EX which. oyl d be, oulier e, caused. by Lhe p0ocrpLs sxpansi on of

the first liqu i Mersion area L he thi ckness stance H) of

the first opticalncelement LSL i sLhicker. than thatiofothe,bhrss hiauid LQL

di sposed between the first optica enent LS1 and the substrate P. Mire

specifically, thecdi stapge ML ii5 not ;1220858 dthanharemrdccordingly, it
is possible to suppress the change of the shape of the first optical

el ement LS1 whicehiwosl €b he: otherwesepsatsesk et heef et reeei wechd rom
the liquid. Therefore, it is possible to maintain the high inmage formation
performance of thhelpwoi ectiizeopti edl thsysl@amdPlporftQdbR4F1 | of t Hies ehibodi ment
explained with reference to Fig. 12, the first optical elenment LS1

sati sfies bot hoptictheebowmdit iled i(npwahéchrddrel dibst ddcet( ohi cknbss)emdhti s
not less than 15 nmand the condition in which the outer dianeter D2 of
the upper surf&éé) T2 Tike notzdlesgerhan T\ e Fsherganeeddiantiersmiceof the

| omer surface Ti. However, the first optical elenment LS1 may_ be
construct ed undBisgarrangement is not directed to only the nozzle member

70. It is also possible to improve the degree of freedom
of the arrangement, for example, when various measuring
units such as the alignment system are arranged. It is
also possible to improve the degree of freedom of the
design. The nozzle member 70 can be arranged closely to
the side surface Cl of the first optical element LS1.
Accordingly, it is possible to realize the compact size of
the nozzle member 70, and it is possible to decrease the
size of the first liguid immersion area LR1 of the first
liguid LQ1. Therefore, it is possible to avoid the
inconvenience of the encormous increase in size of the
entire exposure apparatus EX which would be otherwise
caused by the enormcus expansion of the first liquid
immersion area LRL.

[01731 The thickness (distance H1) of the first optical
element LS1 is thicker than that of the first liquid LQ1
disposed between the first coptical element LS1 and the

substrate P. More specifically, the distance H1l is not
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condition in which any one of the foregoing conditions is satisfied. Even
in the case of the arrangenent in which any one of the conditions is
satisfied, it is possible to realize the conpact size of the nozzle nenber
70, and it is possible to avoid the enornmous expansion of the first

liquid imersion area LRL. [0175] In the enbodi nent explained with

reference to e firs elenent LS1 as t.he e si de
%é% t%%h E@ m%_ A 5%&15%% %?SSIE e Lo % rggg

surface in whi t he outer di ane dér &ased p03|t|ons eparated

farther from the flange B@rulgnsﬂpe towar.d tfhﬁs{o léﬂfeg%%eﬁlt LEevever,

t he shape of the first optical el'ement LS1 1s not ' limted to this shape.

For exanpl e, aagolun@anaf bestcptiical <hersn, L8l ey, al Sﬁ%celt%%dbgr@mpt ed,
in which the side surface has the outer dianeter DI while maintaining the

flange portionid .1ilpidanotheresde)paitntis bbes dbpdretemOmhttahe exposuse

| ight beam EL in the scanning direction (X direction) is smaller than the
di ameter in theenfseanniog ckireohione( ¥fdihecht@ciion tpe itknst opti cal
el enent LS1. Therefore, a first optical elenment nmay al so be adopt ed,
wherein the crosgegeétion, which is taken along the XY plane, is an
ellipse having a snall dianeter in the X direction, wherein the first
optical elenentPlidd a sidetkarddrelisgolt ehatathed outdr radicamprer tos
decreased at positions separated farther from the flange portion Fl toward
the | ower surffdge T2, The fSisiperdndathelameangederatofsfike bozkl ef menber

can be
the condition in which the distance (thickness) Hl is not

less than 15 mm and the condition in which the outer
diameter DZ of the upper surface T2 is not less than twice
the outer diameter D1 cof the lower surface Tl. However,
the first optical element LS1 may be constructed under a
condition in which any one of the foregoing conditions is
satisfied. Even in the case of the arrangement in which
any one of the conditions is satisfied, it is possible to
realize the compact size of the nozzle member 70, and it is
possible to avoid the enormous expansicn of the first
liguid immersion area LRI1.

[0175] In the embodiment explained with reference to
Fig. 12, the first optical element LS1 has the conical side
surface in which the outer diameter is decreased at
positions separated farther from the flange portion F1
toward the lower surface T1l. However, the shape of the
first optical element L3l is no%t limited te this shape.

For example, a columnar first optical element LS1 may also
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changed in conformty therewith. [0176] Also in this enbodinent, the

di stance between the substrate P and the |ower surface T1 of the first
optical elenent LS1 is about 3 nm the distance between the land surface
75 and the substrate P is about 1 nm and the distance between the upper
surface T2 of the first optical elenent LS1 and the | ower surface T3 of

the second optigal .6l egent, LS2 Jos :akout 43 I rddoveuer «nthg,dist ance

between the substrate P and the |ower surface Tl of the first optical

el ement LS1 canhgc8et wtmiqean{a@ag@iﬁin% {1 1MMge ¢ORSIORTING the
absorption of the exposure light beamEL by the liquid LQL and the fl ow of

the liquid LQLanBthbe $idwdoirtDacdeKdiahdrdhersame wRBBetraslighd heam
enbodi nent descri bed 124 above. The distance between the | and surface 75
and the subst rat enPreansdmmmalngodsetcwidhi (X adinange oah 0sS5shel lemmhanThe

di stance between the upper surface T2 of the first optical elenent LS1 and
the | ower surf ace T3awétdhersehendonoptical nelanentcibs2 (Fanlbecalwo det
within a range of 0.5 to 5 mmconsidering the flow of the liquid LQ.
[0177] In thisteabbtinemptided baemehtPkSls diistefgeteda byreomiTHiadd a
plurality of divided barrels (sub-barrels). The sub-barrel, which includes
the first suppBrEMSeetTon JEC fgr adappdit | MFtHe ffirestrepei eaft€lenent LS1,
can be attached and detached with respect to the parti ﬁ,barrel . for

supporting the“BtRRridptdidl sdrsfehte £2 RPN, 1 Phé" £illSP5opti EdlY & enent
LS1 havi ng theskg?fg&gorti on Fl__i

meter in theSX direction, wherein the first
optical element has a side surface such that the outer
diameter is decreased at positions ssparated farther from
the flange portion F1 toward the lower surface Tl. The
shape and the arrangement of the nozzle member can be
changed in conformity therewith.
[0176] Also in this embodiment, the distance between the
substrate P and the lower surface T1 of the first optical
element LS1 is about 3 mm, the distance between the land
surface 7% and the substrate P is about 1 mm, and the
distance between the upper surface T2 of the first optical
element LS1 and the lower surface T3 of the second optical
element 1LS2 is about 3 mm. However, the distance between
the substrate P and the lower surface Tl of the first
optical element LS1 can be set within a range of 1 to 5 mm,
considering the absorption of the exposure light beam EL by
the liquid LQ1 and the flow of the liguid LO1 in the first

space K1, in the same manner as in the embodiment described
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exchangeabl e by being detached fromthe partial barrel together with the
sub-barrel. [0178] Wen the first optical elenent LSl of the enbodi nent of
the present invention is used, it is also allowable to adopt an
arrangenent in which no second liquid imersion area LR2 is formed as
shown in Fig. 13. The first optical elenent LS1 shown in Fig. 13 is the

optical - el ement yhi chyls £l osest bocthe, ifjnoq plane ol thes proiection
. e e

optical system The ‘upper surface i i rst optical enent LS1

is formed to be.copvex tovard the, .gbject, nliane, whigh Hasy & posiit iye
refractive index. The first liquid LQL of the first liquid iInersion area

LR1L nakes confaetamidhddeckiesh ORtiedelemenlel8d. o nugdich 445 a
situation, when the first optical elenment LSl satisfies at |east any one

of the conditi eptide Wi iGhdohe 1di skaacendil oet weeratherh overtisrdaacedTi and
t he upper surface T2 on the optical axis AXis not |ess than 15 mm and the
condition in whpchcdheleguteerr dsaneserpbdz lofo tshe wppain surdape of2 0.$ not

| ess than twice the outer diameter DI of the |lower surface Tl, then it is
possi ble to reatizewt hensgowpact sheeflodw tdfe thezilhiguim@nbez. 70, and it is
possible to avoid the enornous expansion of the first liquid inmersion
area LR1. [0178917H t he Imespecst eveodithodi memtes bdesel i Bedi aboves trucitedsecond
liquid imersion area LR2 of the second liquid LQ is locally forned on

t he upper surflacecadigfinghe Pilpselity of divided barrels (sub-barrels).

The sub-barrel, which includes the first support section 91
for supporting the first optical element LS1, can be
attached and detached with respect to the partial barrel
for supporting the other optical elements L2 to L7. The
first optical element LS1 having the flange portion F1 is
exchangeable by being detached from the partial barrel
together with the sub-barrel.

[0178] When the first optical element LS1 of the
embodiment of the present invention is used, it is also
allowable to adopt an arrangement in which no second liguid
immersicn area LR2Z is formed as shown in Fig. 13. The
first optical element LS1 shown in Fig. 13 is the optical
element which is cleosest to the image plane of the
projection optical system PL. The upper surface T2 of the
first optical element LS1 is formed to be convex toward the
object plane, which has a positive refractive index. The
first liguid LQ1l of the first liguid immersion area LR1

makes contact with the first optical element LS1. In such
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optical elenment LS1. However, as shown in Fig. 14, an arrangenent is also
adoptable, in which the second liquid L@ of the second liquid inmersion
area LR2 is arranged in the substantially entire region of the upper
surface T2. [0180] Also in the enbodi ment shown in Fig. 14, the first
optical elenment LSl satisfies at |east any one of the condition in which

the distance HL befyeen.the | oner. SULlacs, T And:Lheaunpss Surface.T2 on

the optical axis s not less than and the condition in which the

outer diameter,D?2.0f the, upper rsurtace,d2:ish ot Whess thanaiy £ee the
outer dianeter D1 of the Tower surface Tl. In the sane manner as the

enbodi ment expbaineds {14 examlserrutthr raferercephberFigrrdds therfirst
optical element LSl is 126 exposed (allowed to protrude) downwardly from
the barrel PKghanéptheanozzlse axeabeno701dss aaangedmal aselyhé o the first
optical element LS1. [0181] A second supply port 32, which constructs a
part of the seeoadtiséquird vSuppl yheechast sin86;ters DBr o¥i dee @red he i nner
side surface PKC of the barrel PK The second supply port 32 is fornmed at
the position inautheceiTi nig yosf leshetbaeond apdte KRten €handtmertlsicde
surface PKC of the barrel PK The second supply port 32 is provided on the
+X side with Ebgpbetex ouHecsplicalbhani st A¢ GlosERelpr bpettdbrFe dpts cal
system PL. The second liquid LQ, which is fed_fromthe second,li%yid
suppl y section®8aPascs Hhacitdr 68 By2Zihe¥wond Ysupplfytpott Bessible to

substantially in parallel to the , o .
y avoPd the enormous expansion of the first ligquid immersion

area LR1.

f0179] In the respective embodiments described above,
the second liguid immersion area LR2 of the second liguid
L2 is locally formed on the upper surface T2 of the first
optical element LS1l. However, as shown in Fig. 14, an
arrangement is also adoptable, in which the second liquid
LG2 of the second liguid immersion area LR2 is arranged in
the substantially entire region of the upper surface T2.
{0180] Also in the embodiment shown in Fig. 14, the
first optical element LS1 satisfies at least any one of the
condition in which the distance Hl between the lower
surface Tl and the upper surface T2 on the optical axis AX
is not less than 15 mm and the condition in which the outer
diameter D2 of the upper surface T2 is not less than twice
the outer diameter D1 of the lower surface Ti. In the same
manner as the embodiment explained, for example, with

reference to Fig. 12, the first optical element L31 is
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upper surface T2 of the first optical elenent LS1, i.e., substantially in
parallel to the XY plane (in the lateral direction). The force, which is

exerted by the supplied second liquid LQ, for exanple, on the first and
second optical elenents LS1, LS2, can be reduced, because the second
supply port 32 discharges the second liquid LQ substantially in parallel

to the upper SULLaced Teaffoddle tof bESE OB CRl,ElNBY cbaf. clbatalane, 1t 1s

possi ble to avol occurrence of the 1 nconvenience i ch wo

otherw se caused, Lof &XAMRIL1SHERLEPat the Jirsl.and) second, apid cal
elements LSI, LS2 or the |ike are defornmed or displaced due to the

suppl i ed secondikkgube 1. 1@482} Assecond recovery port 42, which
constructs a 127 part of the second liquid recovery nmechanism40, is

provided at a poesefer mimnedposi tLEPLW pdrtr espechikd tbhestsesond: supply
port 32 on the inner side surface PKC of the barrel PK The second

recovery port 42 tisefafdma atiqhhe spesifi@ranitdhe 3¢l cini pyoefaddhersecond
space K2 on the inner side surface PKC of the barrel PK. The second
recovery port 4Reisnprowvidied sonfohe PRC sdflechw tdarireSpeet tThe tdwe-copt i cal
axis AX of the projection optical systemPL. That is, the second supply
port 32 and t heusetomrbrtedéveryfopoed #42 Hre ropposed to eachvigtiherty ko this
enbodi ment, the second supply port 32 and the second recovery port 42 are
formed to be sti¢-s¥aped srespebti 9ol Yhe ThosSecond supphye Do toBXxhgnd t he

second recovery port 42 may be forned to ,
barrel PK. 2 second supply port 32 is provided on the +X

side with respect to the optical axis AX of the projection
optical system PL. The second liguid LQ2, which is fed
from the second liquid supply section 31, is discharged by
the second supply port 32 substantially in parallel to the
upper surface T2 cof the first optical element L1, i.e.,
substantially in parallel to the XY plane (in the lateral
direction). The force, which is exerted by the supplied
second liquid L2, for example, on the first and second
optical elements LS81, LS2, can be reduced, because the
second supply port 32 discharges the second liquid LQ2
substantially in parallel to the upper surface T2 of the
first optical element LS1. Therefore, it is possible to
avoid the occurrence of the inconvenience which weoulid be
otherwise caused, for example, such that the first and
second optical elements LS1, LS2 or the like are deformed
or displaced due to the supplied second liguid LQZ2.

[0182] A second recovery port 42, which constructs a
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have arbitrary shapes including, for exanple, substantially circular,
elliptical, and rectangul ar shapes. In this enbodi nent, the second supply
port 32 and the second recovery port 42 rnmutually have approxi mately the
sane size. However, the second supply port 32 and the second recovery
port 42 may have sizes different fromeach other. [0183] The other end of

the second supply.tybe 33 is.o,c00086t a0 Lo one, endyalysLhesgecond supply

fl ow passage 3 or e arrel PK. On t'he other hand, the other end

of the second supphyok! ow p & 34iRbat Pes Pardel.iRK ikespceennectat to the
second supply port 32 forned on the inner  side surface PﬁC of the barrel

PK. The secondski-adiids bRy pMtch2i snf ede f 100 4 ha secondaké qekd stippley
section 31 of 128 the second liquid supply mechanism 30, flows through the

second supply bubkee33pkandridercbhe seconery imuid 4202 sf Fowsed i it a:tene end
of the second supply flow passage 34 formed in the barrel PK The second
liquid LQ2, whipohihasnflowhd ntieindng efidtind tdmrsecpadesiippby flicow passage
34, is supplied to the second space K2 between the second optical el enent
LS2 and the fidsheopticalswtfementKCSEf tlotn hdmrsseddnd Thappeyoipbrt 32
formed on the inner side surface PKC of the barrel PK [0184] The ot her
end of the sec@adoretovie?yt t4fbds43rpEidednrrectied o SdA€ BhE: of TR sédond
recovery flow passage 44 fornmed in the barrel PK. On the other hand, the

other end of the SBEbFRI rEcovéry Of| bR pasShye 8 i°Ptd6ANetY 8T o the

That is, the second supply port 32 and the second recovery
port 42 are opposed to each other. In this embodiment, the
second supply port 32 and the second recovery port 42 are
formed to be slit-shaped respectively. The second supply
port 32 and the second recovery port 42 may be formed to
have arbitrary shapes including, for example, substantially
circular, elliptical, and rectangular shapes. 1In this
embodiment, the second supply port 32 and the second
recovery port 42 mutually have approximately the same size.
However, the second supply port 32 and the second recovery
port 42 may have sizes different from each other.

{0183] The other end of the second supply tube 33 is
connected tc one end of the second supply flow passage 34
formed in the barrel PK. ©n the other hand, the other end
of the seccnd supply flow passage 34 of the barrel PK is
connected to the second supply port 32 formed on the inner
side surface PKC of the barrel PK. The second liquid L2,

which is fed from the second ligquid supply section 31 of
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second recovery port 42 fornmed on the inner side surface PKC of the barrel
PK. When the second liquid recovery section 41 of the second liquid

recovery nechanism40 is driven, the second liquid LQ in the second space
K2 flows into the second recovery flow passage 44 via the second recovery
port 42. After that, the second liquid LQ is sucked and recovered by the

second |iquid r@eOYBEYNSGELid Ol shbpYlankB8aSEGOND F @GOVUET ¥l Yhg, 4dhe [ 0185]
The barrel PK is provided wth an opposing surface 93 which IS opposed to

the circunfer eskti-ahdedgep1 areacof st hendppesn sad acecfhd of ghhe fo7 st1Qptical
el ement LS1 supported by the first support section 91. Afirst seal

menber 94 is preovbdede betaveen thheseppasi ngosuy fAace 923s329capnd tdened in
circunferential edge area of the upper surface T2. The first seal nenber
94 is fornmed ofhefbarexiamgd.e, TaeCservng biquaid 002, nghtEbrhexafpdey ivKal rez”
produced by DuPont Dow). The first seal nmenber 94 avoids the | eakage of
the second |i §ofderdriartrengedoor &heplpperovs pefssegeT241 0it heupwlitesi de of
t he upper surface T2, and consequently the |eakage to the outside of the
barrel PK. A sBohif seoncherper §5 petyravitded sserndenrt heakidersurf ace C2

of the second_ optical elenent LS2 and the inner side surface PKC of the
barrel PK. Thes c%l?'l‘g Ealf e ert 8521 sekahared ISF, TrpBrtexatite@d a V-ring.
The second seagune er %E re%ulat S t{ﬁ%f]OMlOf,the flgid (including the
gas, the second P¥quitf*LEZ, TAAUCTE ha™ HUlR d-Jss §ensr arelR T ot I <&€ond
liquid barrel PK.

[C1l84] The other end cof the second recovery tube 43 is

connected to one end of the second recovery flow passage 44

formed in the barrel PK. ©n the other hand, the other end

of the second recovery flow passage 44 is connected to the

second recovery port 42 formed on the inner side surface

PKC of the barrel PK. When the second liquid recovery

section 41 of the second liquid recovery mechanism 40 is

driven, the second liguid LQ2 in the second space K2 flows

into the second recovery flow passage 44 via the second

recovery port 42Z. After that, the second liquid LQZ is

sucked and recovered by the second liquid recovery section

41 via the second recovery tube 43.

[0185] The barrel PK is provided with an opposing

surface 93 which is opposed to the circumferential edge

area of the upper surface T2 of the first optical element

LS1 supported by the first support section 21. A first

seal member 94 is provided between the opposing surface 93
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LQ2) between the second space K2 and a third space K3 disposed upwardly
fromthe second optical elenment LS2 in the barrel PK Accordingly, it is
possible to maintain the environnent (for exanple, the tenperature and the
hum dity) 1in the internal space of the barrel PK including the third

space K3. Further, it is possible to prevent the gas (bubble), fromthe

third space K3g,hr em:ent £hidG Jedt9atheqgsesand d4 quiedybERr0f it ha-seacond
liquid imersion area LR2. (0186] The di stance between the side surface C2

of the secondrgpticcalteleMErentS2 and:t heoddtero ;51 dersukémsr: PKCc-of the
barrel PK may be narrowed, for exanple, to about 1 to 5 mwthout
provi di ng the seagndrsealonEmaer £95. eAksele | M Hdiirs z2Waprotitcéd pogsitung to
prohibit the flow of the 130 fluid between the second space K2 and the
third space K3Dovia thee gaipdietsweénnehleesi te surifdecsh€2lofkidre seddrd
optical element LS2 and the inner side surface PKC of the barrel PK
[0187] Wen t heesabstlbrel P Li0P expesedd ehetlcontarsls arrfaceNT wuppls es and
recovers the second liquid LQ2 by using the second liquid supply nmechani sm
30 and the secHEsEiguel theectpery SHeERahi Sm 20 WrCR&<6peER Y | Y <ontrol | i ng
the supply ampunt of the second liquid LQ2 per unit tine br$u ht. about by
the second |i quFaXauppty ThecRARESRE3DBE ahe ke Sledbver § AHBUM Bt he
second liquid LC% er unit tinme grou ht abqut hy the second, |iquid
recovery mechafif Rgﬁo?y PndPHECE n??§W9%ﬁnﬁkﬁz§ﬁ?erFPF R\ eé??q?ﬁ%
optical path second optical element LSZ and the inner side surface PKC

of the barrel PK. The second seal member 95 is formed of,

for example, a V~ring. The second seal member 95 regulates

the flow ¢f the fluid (including the gas, the second liguid

LO2, and the humid gas generated from the second liguid

LO2) between the second space K2 and a third space K3

disposed upwardly from the second optical element LSZ in

the barrel PK. Accordingly, it is possible to maintain the

environment (for example, the temperature and the humidity)

in the internal space of the barrel PK including the third

space K3. Further, it is possible to prevent the gas

(bubble), from the third space K3, from entering into the

second liquid LQ2 of the second liquid immersion area LRZ.

[0186] The distance between the side surface C2Z of the

second optical element LS2 and the inner side surface PKC

of the barrel PK may be narrowed, for example, to about 1
to 5 um without providing the second seal member 95. Also

in this way, it is possible to prchibit the flow of the
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for the exposure |ight beamEL in the second space K2 with the second
liquid LQ2. In this enbodinent, the second |I|iquid supply mechani sm 30
supplies the second liquid LQ2 to the second space K2 at a flow rate of
0.1 cc/mnto 100 cc/mn. [0188] In this enbodi nent, the supply operation
and the recovery operation for the second liquid LQ are continuously
perfornmed by the second liquid supply mechanism 30 and the second |iquid
recovery nechafi-8ii 4 LA iget BeCeRPosR e di2 tHe! Slibsthare ase el | .
Further, the su p%gﬁo eration and the recovery operation for the second

liquid LQ2 areV¢on ISP HEFPOF R dS bYe tHY 'S&Goid °Fi gt <t y
mechani sm 30 and, the, second |liquid recovery 131 nechanism 4 ef ore and
after the expoStre“dt % %W%ﬁb%g?a?gd ?h%sl%&ﬁﬁ.S%Wﬁeﬁufﬁﬁcﬁugﬁfiﬁgﬁgm?he
recovery of thga§§%9ngK liquid LQ2 are continuously perfornmed by the second
l'iquid supply nechanism 30 and the second |iquid recovery nechani sm 40,

the second | i gu} I Rpthe C . l.ways cggngg i th the
cl ean and tengg?g?tfﬁ-ngﬁ%gééﬁgsggg%§9€§§d¥§jié%P%?%§’s%%%n spagéwk%Qis
filled with theyyel Aand tepperatyL s 'w@%%%o%gcgmgum%? sifhen the

supply operation and ‘the recovery operation for the second liquid Q2 are
al so conti nuede i tdedgspasg u&g_%Bﬁp?f%ﬂﬁﬂunﬁﬂ%@%OK%nQGEHées@ﬂﬁu?ﬁh%&ihhe

exposure of the substrate P, it Is possible to avoid the occurrence of the
i nconveni ence r¥hhEdr WWaidlcgaBesAat herw Se- calsied 1F0Ec8%X28P] Brg SUEh that any
supply amount of the second liquid LQ2 per unit time
brought about by the second liquid supply mechanism 30 and
the recovery amount of the second liguid LQ2 per unit time
brought about by the second liquid recovery mechanism 40.
And the control unit CONT fills at least the optical path
for the exposure light beam EL in the second space K2 with
the second ligquid LQ2. In this embodiment, the second
liguid supply mechanism 30 supplies the second liquid LQ2
to the second space K2 at a flow rate of 0.1 c¢/min to 100
cc/min.
[0188] In this embodiment, the supply operation and the
recovery operation for the second liguid LQ2 are
continuously performed by the second liguid supply
mechanism 30 and the second liquid recovery mechanism 40
during the exposure of the substrate P as well. Further,
the supply operation and the recovery operation for the
second liquid LO2 are continucusly performed by the second

Liguid supply mechanism 30 and the second liguid recovery

131



adhesion trace (so-called water mark) is formed, for exanple, on the upper
surface T2 of the first optical elenent LS1L and the |ower surface T3 of
the second optical elenment LS2 resulting fromthe vaporization (drying) of
the second liquid LQ2. [0189] Also in the enbodi nent shown in Fig. 14, the
supply and the recovery of the second liquid LQ2 by the second liquid

i mrer si on nmechani sm 2 nax be $erforned intermttently. For exanple, the
suppl y oper ati GRCEABEET 29 Hee 18 Covery 26p8F ath o RS Re OF i HUF d°By° tiifd-©
second liquid _jnmrersion nmechanism 2 be stopped during_.the exposure of
the substrate 5.aﬁc€8}3indwy?’§ﬁ? ?Fﬁggyiﬁﬂ? V%?dﬁ“¥§955 gBe@%%u%%ﬂxﬁg t he
supply and/or the rec ry of the second 132.l1quid L i ener.at ed
during the exp&éﬁpégogégh%reéﬁr%ngfgsgy ?%r$%m%%£gpb%%et8§%€§§céﬁﬁgida

deteriorati on gheruiCEXRORHEE A0CGACK- DL chdioulfh e athesn) se caused by

the vibration. an explanation w made about™ anot her

enbodi ment of thepcecovery, nethad Wihhytheiditet 4 QuiedscE66QVEEY TBEhani sm
20 in relation to the enbodi nents described above. In this enbodi nent,

only the |iquidsL@ isysrecovared hem the Eiest JrRcavepyrpotite2Ranaged
Accordingly, the occurrence of vibration caused by the liquid recovery is

suppressed. [0%8tbndheipridcigr.e ghet Becbhquighdecnvery ropeeatvor wid h t he

first liquid recovery nmechanism 20 of this
clean and temperature-managed second liguid LQZ. When the
supply operation and the recovery operation for the second
ligquid LQ2 are also continued with respect tco the second
space K2 before and after the exposure of the substrate P,
it is possible to aveid the occurrence of the incenvenience
which would be ctherwise caused, for example, such that any
adhesion trace (so-called water mark) is formed, for
example, on the upper surface T2 of the first optical
element LS1 and the lower surface T3 of the second optical
element LS2 resulting from the vaporization (drying) of the
second liguid LO2Z.
[0189] Also in the embodiment shown in Fig. 14, the
supply and the recovery of the second liquid LQZ2 by the
second liquid immersion mechanism 2 may be performed
intermittently. For example, the supply operation and/or
the recovery operation for the liquid by the second ligquid
immersion mechanism 2 may be stopped during the exposure of
the substrate P. Accordingly, any vibration, which is to

be caused by the supply and/or the recovery of the second
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enbodi mrent w Il be explained belowwth reference to a schematic view
shown in Fig. 16. For exanple, a thin plate-shaped nesh nenber, which is
formed with a large nunber of pores, can be used as a porous nenber 25 for
the first recovery port 22 of the first liquid recovery mechanism 20. In
this enbodi nent, the porous nenber (mesh nenber) is fornmed of titanium In
this enbodinent, only the liquid LQis recovered fromthe pores of the
porous nenber 1284HY ot sl Michgeher pred stird gl fher exeeshet viteri et he upper
surface and the | ower surface of the porous nenber 25 so that

. ! a
predet er mi ned EORETEFTh f's L&t FEf PRESHR' e dEs &VioBEd TGt @F LR CH4T @ s At e in
whi ch the poro menber 25 is wet. The par ers. concerning th
oredet ermi ned 133 EONGIi0R IHER Gtle Tt BRATHPE, SERE:PoTe STV he
por ous nenbertgg,vﬁggnggptact angle (affinity) of the porous nenber 25
Wi th respect to the |qU|3'LC3 and the suction force of the first liquid

recovery SeCtigﬁléﬁ? (pr%&&%ﬁeaﬂte¥$£§pé%¥5ﬁ.ﬁﬁi&;@%eygéet£§%&¥”é§5ﬁh@%”ber

25). [0192] Fig. shows a nmagni view il rating a partial cross

section of ¢ hecRoieHR.ERReL 28, 800 APRGLS e A RROCE ed sxamla of Lhe

liquid recovery to be perforned of the porous ne 5. The

substrate P isrc@tyanged uadetnt 1g poraus vepber 2. Jhs.8as space and the
|l i quid space are forned between the porous nenber 25 and the substrate P.

More specificahdysriher gasvepaceni gnid amediihetweennt heqsabstyate 18 apd the

first pore 25Ha of
recovered from the first recovery port 22. Accordingly,
the occurrence of vibration caused by the liguid reccvery
is suppressed.
[0191] The principle of the liquid recovery operation
with the first liguid recovery mechanism 20 of this
embodiment will be explained below with reference to a
schematic view shown in Fig. 16. For example, a thin
plate~shaped mesh member, which is formed with a large
number of pores, can be used as a porous member 25 for the
first recovery port 22 of the first liquid recovery
mechanism 20. In this embodiment, the porous member (mesh
member) is formed of titanium. In this embodiment, only
the liquid L is recovered from the peres of the porous
member 25 by controlling the pressure difference between
the upper surface and the lower surface of the porous
member 25 so that a predetermined condition is satisfied as
described later on, in a state in which the porous member

25 is wet. The parameters concerning the predetermined
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t he porous nenber 25, and the liquid space is formed between the substrate
P and the second pore 25Hb of the porous nenber 25. Such a situation
arises, for exanple, at the end of the liquid imersion area LRL shown in
Fig. 4, or such a situation arises by the generation of the gas in the
liquid imersion area LRl due to any cause. A flow passage space, which
forms a part of the first recovery flom/fassa e 24, is forgeq}over t he
porous nenber 280C1FHARI AR r EPEr BRERPtY FiTG. PPES @heh The T Ag
condition holds: (4 x x .cosQ ./d.? (Pa - Ph). .....(3) ,wierein Pa
represents themﬁpé§§u%%’6?“1ﬁ§%§555eaé%fﬁegﬁg%ﬁ%tyﬁi?%tt%%r%Pﬁ%ﬁb of the
porous nenber 25 and fhe substrate P. 13 ressure at e |l owel.syf ace of
t he porous nenﬁgwgig)%pﬁﬁ'Q?éﬁﬁgggﬁtgétﬁgéB%%@%%rngfa%ﬁet¢ omfbasé%ge

space over thegg?850y§ {Hgﬂ¥yis%5i%gﬁ?ésfgébégrﬁ:@%c@@@ﬁr2§ggﬁﬁgé%dyé t.he

por ous nenber d represents t pore size (dianeter) each of the

pores 25Ha, 25HR. GoEOPTRRRHLS bRechONEaLly: Anghe-0Bsihe porous menber 25
(inside of the pore 256H) wth respect to the liquid LQ and y represents

the surface tepgbop of ghe LisadhdwbQ hdenirias shewn:iibuftgatikfy seven
when the gas space I1s formed on the | ower side of the first pore 25Ha of

the porous nmenbgt: 251 (OFbddheesicdenobrt fige SISty akebB), 26 Neagdsiepitizgh 1S
di sposed in the space on the |lower side of the porous nenber 25, can be
prevented from apycimvenmeitanipe( 0t ehé NOL dultd)reichecspate itk sposkdren
by the aid of the porous member 25. The substrate P is
arranged under the porous member 25. The gas space and the
liquid space are formed between the porous member 25 and
the substrate P. More specifically, the gas space is
formed between the substrate P and the first pore 25Ha of
the porcus member 25, and the liguid space is formed
between the substrate P and the second pore 25Hb of the
porous member 25. Such a situatiocn arises, for example, at
the end of the liguid immersion area LR1 shown in Fig. 4,
or such a situation arises by the generation of the gas in
the liguid immersion area LR1 due to any cause. A flow
passage space, which forms a part of the first recovery

flow passage 24, is formed cover the porous member 25.
[0193] With reference to Fig. 16, when the followling
condition holds:

(4 x v x cosB)/d = (Pa - Pb) c.. (3
wherein Pa represents the pressure of the space between the

first pore 25Ha of the porous mempber 25 and the substrate P
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t he upper side of the porous nenber 25 via the pore 25Ha. That is, the
interface between the liquid LQ and the gas is mnaintained in the pore 25Ha
of the porous nenber 25 by optimzing the contact angle A the pore size
d, the surface tension y of the liquid LQ and the pressures Pa, Pb to
satisfy the condition represented by the expression (3). Thus, it is

possible to suppress the inflow of the gas fromthe first pore 25Ha.
the ot her handPFR&SUT$ Gtk &h§pa€eerS¥¥ﬁ%ﬁﬁjQﬁttpﬁepPéﬁé? %?TR?%ﬁQQ:hePQecond

pore 25Hb of the orous menb % the side of the substrate

Therefore, it FEPPHOESIHI &'f pFEEB\%’é %hlt;}“et He A §EFA°IEFRAGE tHE™ é &nd

pore 25Hb. 135 0194] t he .case of the C nd|t|on represente t he
expressi on (3) 5%%?f%ﬂ%)abgée?pfﬁss @drosﬁa Bressﬁrg éﬁ% iquid LQ

on the porous[%ggg?glﬁgﬁﬂé% nat Og”ﬁﬁ#ﬁ%é% ddn th%r§8F|t91§érW%1 ﬂéte@? of

expl anati on n this enb urd recove

mechani sm 20 c ol he sucti for of the flrst I| ui d recovery
section 21 to %%%£§F§€# Sressuggﬂof é”f@ow assage gbace ove% t he

porous nenber 25 0 the expressio (3 de crl ed above i ati.sfied,
assuni ng that “the pfiggﬁrgoﬁﬁugf Sb g%%e 9% 13ﬁ§3&§h§ %E

t he di aneter d of t he %F 2 the contact an Ie 0 of the %rous menber
25 (inner side T ST Hod o o l%t‘é HeenG fhr P ERHELL® 194 KETIFFGEi d LQ  and

the surface tension of the iquid (pure water) LQ are const ant. However,
with tension of the llquld Lg, then, as shown 1n Fig. 1%, even

when the gas space is formed on the lower side of the first
pore Z5Ha of the porous member 25 (on the side of the
substrate P), the gas, which is disposed in the space on
the lower side of the porous member 25, can be prevented
from any movement to (entering into) the space disposed on
the upper side of the porcus member 25 via the pore Z25Ha.
That is, the interface between the liguid LY and the gas is

maintained in the pore 25Ha of the porous member 25 by

optimizing the contact angle 0, the pore size d, the

surface tension y of the liquid L, and the pressures Pa,
Fb to satisfy the condition represented by the expression
{3). Thus, it is possible to suppress the inflow of the
gas from the first pore 25Ha. On the other hand, the
liguid space is formed on the lower side of the second pore
25Hb of the porous member 25 {(on the side of the substrate
?). Therefore, it is possible to recover only the liguid

LQ via the second pore Z5Hb.
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reference to the expression (3), as (Pa - Pb) is greater, 1i.e., as (4 x vy
x cos0)/d is greater, the pressure Pb is nore easily controlled to satisfy
the expression (3). Therefore, it is desirable that the diameter d of the
pore 25Ha, 25Hb and the contact angle O of the porous menber 25 wth
respect to the liquid LQ (0 < 0 < 90) are nade as snall as possible.

[0196] In the enbodi ments described above, the prOjectlon 0 élcal system
PL is provided \*PAt he Bt edntc25&s OF hEPE i TSt I &FpéFéﬁ%E$ 81 5% whi ch
the outer 136 dianeter of the upper surface T2 is wider than that of the

| oner surface ‘F§p6F5Fh‘é“ secor® 6pt-PEdl alé?ﬁé‘?rentthq_%?dro%%%‘érpr???%r 48 t o

achi eve the for | ner si.on rea in gnl q; a tlal
Q cCOns L

area of the upﬁ éﬁ??%.%gfgéé%ﬁdpgﬁ??%dgIm%zfthelflrst optica enent

(first elenent) t he flr nbod of the present |nvent|on, it is
al so al | owabl e fﬁ f F% oL dlgﬁE? Pﬂgﬁgt%?1 | ower surface T3 of the

second optical (ghegpn emﬁf ’i@f gk hoan, thal Qb JLhe, upper, suiface T2 of

the first optlca hi's arrangenent for exanpl e,

outer edge porfig ag{ ‘W‘i 'C%W oiwfc esJétPJn déeoc%e%@ngheomwllﬁfuq@ent

LS2 can be treate |qU| repe ent nly the central portion

for form ng th?ekbgyk sé@mﬁﬁﬁbqnt@r§§j§§@‘@@a%ﬁ%@%@getgfbﬁhe flow
liquid-attractive. Alternatively, a bank DR as shown in Fig. 10 may be

provided at thg,outes €606 RALT @ReO0bot bgs lawafersunf aeet3t the
expression (3) described above 1s satisfied, assuming that

the pressure Pa of the space under the porous member 25,
the diameter d of the pore 25H, the contact angle 0 of the
porcus member 25 (inner side surface of the pore 25H) with
respect to the liquid LQ, and the surface tension y of the
liquid (pure water) LQ are constant. However, with
reference to the expressiocn (3), as (Pa - Pb) is greater,
i.e., as (4 x ¥ % cos9)/d is greater, the pressure Pb is

more easily controlled to satisfy the expression (3).

Therefore, it is desirable that the diameter d of the pore

25Ha, 25Hb and the contact angle © of the porous member 25

with respect to the liquid LQ (0° < 8 < 90°) are made as

small as possibkle.

[01l96] In the embodiments described above, the
projection optical system PL is provided with the element

as the first optical element LS1 in which the outer
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of the second optical elenent LS2. [01977 In the enbodi nents shown in Figs.
1to 14 and Fig. 16, it is not necessarily indispensable that the supply
operation and the recovery operation for the second I|iquid L42 perforned
by the second |iquid supply nmechanism 30 and the second |liquid recovery
mechani sm 40 are the sane as the supply operation and the recovery
operation for the first liquid LQL perforned by the first |iquid supply
mechani sm 10 afAd2ffaee¥ i ¢istthy qurdrr eeblary Tredifamidar2ohaptthat gisdhe

al l owabl e that the supply anpunt and the 137 recovery anount of each of
the Iiquids andPBFrtHer FiSwiaré tBE eaectnbrorteati GUPBe T s~ fferent from

each other. Fo exanmple, the supply anmount and the, recoyer mount, of the
liquid LR in PRESSetord SHACE K3 Fey- B Sl I "PRARNL Re Matuppid dount
and the recoveg mount of the first_liquid. LQL in the first space, and
the flow rate 6 %%ﬁf T quid ﬁ&zongﬁ %%%q%%ékﬁ? Space® t%%‘”ﬁﬁﬂglomer t han

y
the fl t f j QUi ' he- f.i,rst.. 0 th
engodiﬁg%[ad:sg?f%%§§a%%%§k%tEggr%gﬁidgfCgﬁféﬁigﬁggfgiﬁ%§G%ﬂg%ﬂgﬂppl?ed

fromthe first g d)supRhYa0eehaphsm Ll Qe i hbhstosPace Klosdng the
sane as the liquid (pure water) which is supplied fromthe second liquid

supply nmechani sfiv30: £¢h,t he secands, spacs, il e herpehat Ui et Saihe sangras

wel ). However, even when the type of the liquid is identical, the quality

(for exanple, thdel dwnperatrdee, T8her teparaidide ol Eor Nndlymerand. dohe s
wider than that of the upper surface T2 of the first
optical element LSi. In this arrangement, for example, the
outer edge portion of the lower surface T3 of the second
optical element LS2 can be treated to be liguid-repellent,
and only the central portion for forming the liquid
immersion area can be treated to be liquid-attractive.
Alternatively, a bank DR as shown in Fig. 10 may be
provided at the outer edge portion of the lower surface T3
of the second optical element LS2.
[0187] In the embodiments shown in Figs. 1 to 14 and
Fig. 16, it is not necessarily indispensable that the
supply cperation and the recovery operation for the second
liguid LQZ2 performed by the second liguid supply mechanism
30 and the second liguid recovery mechanism 40 are the same
as the supply operaticon and the recovery operation for the
first liguid LQ1 performed by the first ligquid supply
mechanism 10 and the first liguid recovery mechanism 20.

It is also allowable that the supply amount and the
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tenperature stability) may differ. For exanple, when pure water is used as
in the enbodi nent descri bed above, the specific resistance value, the
total organic carbon (TOC) value, and the dissol ved gas concentration

(di ssolved oxygen concentration, dissolved nitrogen concentration), the
refractive index, and the transmttance may differ, for exanple, in
addition to the tenperature, thetemmrMUre‘umformty,aﬂdépe .
tenperature st &BCPVEYY POT9Y] Us 2G68cPEDERS abbi: 5 Gre/ Wht BPei ST ULEF s t he
liquid LQL, LQ_.n the odiment, of .the, present invention.. , 138 Pure water
i s advant ageou$§ i fi2f a?gg%h%e%ﬁﬁﬁédsi%Sagégf%iﬁé} %ﬁ?@ae ﬁrggt%%%Unt§§ﬁ th

case, Tor example. il {he. SRILCODGUGHO R OUELINLaG! O b ands e vl er

exerts no harnfa nf | tence, e , on the opti enent (| ens)

and the phot or ggiat 4onot NE, SURSHLALEAPspEUL [RPImay DI 8ritGL EE BXEK L0
harnful influence on the environnment, and the content of inpurity is

extremely |ow. ;Thefef 9fhgunt idnd $hal $0-E¥PLFSEhLA Ot @he khest uncddien to
wash (clean) the surface of the substrate P and the surface of the

optical elementopreovi ged atrdthepenrd,sunfiacge of 1dvhe-atpr ejffeehé oni @pid agl?
system PL. When the purity of pure water supplied fromthe factory or the
like is |ow, the :BXpostsed apgpaleakismaRybPoskesanhant tapufeow rate of
wat er - producing wunit. [0200] It is approved that the refractive index n of
pure water (watéee) lwthdrigspect the fhesexpostr é<1. ght beam
[0198] In the embodiment described above, the liguid
(pure water), which is supplied from the first liquid
supply mechanism 10 to the first space Kl, is the same as
the liguid {(pure water) which is supplied from the second
liquid supply mechanism 30 to the second space KZ
{temperature is the same as well). However, even when the
type of the liquid is identical, the guality (for example,
the temperature, the temperature uniformity, and the
temperature stability) may differ. For example, when pure
water is used as in the embodiment described above, the
specific resistance value, the total organic carbon (TOC)
value, and the dissolved gas concentration (dissolved
oxygen concentration, dissolved nitrogen concentration),
the refractive index, and the transmittance may differ, for
example, in addition to the temperature, the temperature
uniformity, and the temperature stabpility.

[0199] As described above, pure water is used as the

liguid LQL1, LQ2 in the embodiment of the present invention.
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EL having a wavel ength of about 193 nmis approximately in an extent of
1.44. When the ArF exciner | aser beam (wavelength: 193 nn) is used as the
| i ght source of the exposure |light beam EL, then the wavelength is
shortened on the substrate P by 1/n, i.e., to about 134 nm and a high
resolution is obtained. Further, the depth of focus is magnified about n
tines, i.e., about 1.44 tines as conpared wth the value obtained in the
air. ThereforepuﬁﬁeHaF?rl%ﬁ HGRGRIE Y S et e %in FapPSr ORI Rt &F y* Bl APai®ent
depth of focus,K as ared with the case Pf the use in the air, it is 139
possibl e to furfhér ?ﬁ ?éﬁgﬁﬂthlﬁBnﬁ??%al Aper A oflPhEheprOJectlon
opti cal systen1PL §%§O1L9 th| V|eO Lnt, t he res%IutloQer %p%%g
[ 0201] In the en%oalneﬁf deddri Beal oveS ~the flrsP and"” secon |qU|d

suppl y nechani ﬁggm%&’ ﬁQfﬂ&%‘ey RULE. %@%&e,ason the obg%gf e 1R

However, nutua ferent” types of ds may be“supplied so that t he

first 1iguid LQlentt thyg WhLRbRE LLISE SPAcR st LELI 6d, Ry e Of the
type different fromthat of the second Tiquid L2 wth which the 'second

space K2 is flEhEQ wated Hx&168S80 hbirhBual 501 aldewahl ent haty thadegftractive
i ndex and/or t transmttance with respect to the exposure |ight beam EL

di ffers betweeandhend idsitdritquirdiapdrihe seendeneqyi dow Forriexanmle,, t he

second space K2 nay be filled with a predetermned |liquid other than pure

wat er, which is$t iepresentedchydf tuoshinetbased foinlctidhetoitass suctnna
the surface of the substrate P and the surface of the
optical element provided at the end surface of the
projection optical system PL. When the purity of pure
water supplied from the factory or the like is low, the
exposure apparatus may posses an ultrapure water-producing
unit.
[0200] It is approved that the refractive index n of
pure water (water) with respect to the exposure light beam
EL having a wavelength of about 193 nm is approximately in
an extent of 1.44. When the ArF excimer laser beam
{(wavelength: 193 nm) is used as the light source of the
exposure light beam EL, then the wavelength is shortened on
the substrate P by 1/n, i.e., to about 134 nm, and a high
resolution is obtained. Further, the depth cf focus is
magnified about n times, i.e., about 1.44 times as compared
with the wvalue obtained in the air. Therefore, when it is
encugh to secure an approximately equivalent depth of focus

as compared with the case of the use in the air, it is
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liquid that the probability of proliferation of mcrobes such as bacterial
is low Therefore, it is possible to maintain the cl eanness of the second
space K2 and the flow passage through which the second liquid LQ
(fluorine-based oil) flows. [0202] Both of the first and second |i quids
LQL, LQ2 may be liquids other than water. For exanple, when the |ight
source of the exposure light beamEL is the F2 |aser, the F2 |laser beamis

not transnltte@oﬁﬁﬁBﬁathWEQﬁthefhépéFS?ée the W%@ﬁﬁ%§ﬁér88?€t?EPLﬁﬁa§¥e

fl uori ne-based includin 140 f r.f I uor opol yet her
(PRPE) and Tl ustPHEEbARBE P qtﬁﬁ’éﬁﬁﬂ Bt it S, Mhaser Shdin e e
transm ssi ve, r . second liquid LQL, LQ. In this case, the
portion, Which%%S est%%%tﬁ%f' OV%%he first and second liquid LQL, L@, is

subj ected to thgohhqui d-aftnac &n%%dlkéﬁfecu{émﬁe%r 285300 ¢ bﬁ’ufsocr rQnréig a

thin filmwith a substance havin ar structure with snal

polarity |ncIggbggdfli@g{#r%ﬁyﬂlgekgéééﬂf%ﬁ@ heg, Eﬁﬁgcﬁhs L ADQYE, . %?

al so possible to use secon i qui I 1 qui

(for exanple, %ﬁ@ailggiasWﬂhChLbéVe hbﬁevéfaﬂﬁﬂhﬁh@9célﬁkébeﬁ€59ﬁﬁl t.g the
exposure |ight beam EL whi ch have the refractive index as hi gh as

possi bl e, and 1whi:chs an®y dakh@pagabnss the: phot ariesicst : gead exhon ke
surface of the substrate P and the projection optical systemPL. Also in

this case, thewsuehaties tieatureptcksklpes foredi dependiengsf othé heygol arity of

the first and second
different from that of the second liguid LQ2 with which the
second space K2 is fiiled. In this case, it 1s also
allowable that the refractive index and/or the
transmittance with respect to the exposure light beam EL
differs between the first liguid and the second liquid.
For example, the second space K2 may be filled with a
predetermined liguid other than pure water, which is
represented by fluocrine-based oil. The o0il is such a
ligquid that the probability of proliferation of microbes
such as bacterial is lcw. Therefore, it is possible to
maintain the cleanness of the second space X2 and the flow
passage through which the second liguid LQZ {fluorine-based
oil) flows.
[0202] Both ©f the first and second liquids LQl, LOZ2 may
be liguids other than water. For example, when the light
source of the exposure light beam EL is the Fp laser, the

F, laser beam is not transmitted through water. Therefore,

it is preferable to use a fluocrine-based liguid including,
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liquid LQL, LQ to be used. It is also possible to use various types of
fluids having desired refractive indexes, including, for exanple,
supercritical fluids and gases having high refractive indexes, in place of
pure water for the liquids LQL, LQ2. [0203] In the enbodi nent descri bed
above, the projection optical systemPL, which includes the first optical
elenment LS1 as the parallel flat plate having no refractive power, is

adj usted to ha@@rth%aTﬁ¥&kﬂﬂﬁlﬁﬂH@6OPﬁﬁb%tW%ﬁré%93§ﬁ éRdr AEERF IS T2 99ovever

when the first optical emen 141 LS1 exerts no influence on the inmage
formati on chaPé@t‘é?"F%‘t‘i él Faei f2 'esgrsgearm b&a%t@%“&w& 't & the

adj ust nent so hat the |na rnatlo h cterls ¢ of the rOjectlon
opti cal systenibf F 2 the preéile?ermneQQf %6%2 f&r - 3n“2har act% erlstlc

except for theg££%§§%PR%m%%lma |rs Qﬁt%§} J[QEQ%L #QEES e, gbodi

descri bed abov ica enen and %e second

optical el errentl% 22 e %@poggeguhyeét@d%rt@ P QWY EL s o AR, T1 TSt

optical el ement LS1 and ‘t hé Second opti cal elenent LS2 may be supported by

di fferent SUpp@féaffﬁémﬁrﬁfo&e%Qgﬁ%le\!ellyy £4.0408] ol RntReserbogivent descri bed
above, both of the first optical elenent LS1 and the second optical

el ement LS2 asebstppey tediby bheobacielr B¢ dnrthhe substaminlddlarity

stationary state. However, the first optical elenment LS1 and the second

optical el enentndS2imay fheosupportedcdimediwely, other than the above,
it is also possible to use, as the first and second liquid
Lo, LQ2, liquids (for example, cedar oil) which have the
transmittance with respect to the exposure light beam EL,
which have the refractive index as high as possible, and
which are stable against the photoresist coated on the
surface of the substrate P and the projection optical
system PL. Also in this case, the surface treatment is
performed depending on the polarity of the first and second
liquid LQ1, LOZ to be used. It is alsc possible to use
various types of fluids having desired refractive indexes,
including, for example, supercritical fluids and gases
having high refractive indexes, in place of pure water for
the ligquids LQL1, LQZ.
{0203] In the embodiment described above, the projection
optical system PL, which includes the first optical element
LS8l as the parallel flat plate having no refractive power,
is adijusted to have the predetermined image formation

characteristic. However, when the first cptical element
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novably in order to adjust the position and the posture of at |east one of
the first optical element LS1 and the second optical elenment LS2. [0206]
In the enbodi nent descri bed above, the first optical elenent LS1 is the
parallel flat plate having no refractive power in which the | ower surface
Tl and the upper surface T2 are the flat surfaces respectively, and the

| ower surface Ti__and the up surface T2 are in parallel to each other.

However, for e%ﬁﬁp?éer?%e“?uﬁﬂﬁlue§ﬁ?faﬁetﬁ% %ﬁaQQN§°FW?§fOBpt|caI el enent

LSI may have a 142 s ht curvat That t tlcal gcnent LS1
may be an opti € Frngﬁghﬁt%ﬁnﬁt § &nylFehi ?uﬁ%t gﬁwaFE ? |saé%§§1 itis

preferabl e that theF%gﬂv%&y% éy ¥1 @grfo r.f %%eclérgétépf gigiﬁfoptlca

el ement LS1 is°sra han e "CUr Vat ur es_ o surface and t he

lower — surface 3 £o§{§%§§99> l985'99£t§$6ﬁ?ﬁﬁ 52 pLQQQEirﬁfh&P%ﬂmge

enbodi nent descrlb is also allowable that the second Iiquid

i mer si on nechapig§M 2od WhaReiLLILNg LheSuUPRly rard st et resovery of the
second liquid LQ is absent. In this case, the exposure is perforned

wi t hout exchangiipgether,second liquid LQ2 in the second space K2 in the
state in which the space between the first optical element LSl and the
second optical [ebeaepnt LS2 tihe efibbliedent tdeddha secandvk| gubeh LER.tHen such a
situation, there is such a possibility that the tenperature of the second
liquid LQ2 in thessegonitdl qUicdehBMEESi HO1d arted selddnd optical element
LS2 are supported by the barrel PK. However, the first
optical slement LS1 and the second optical element LSZ may
be supported by different support members respectively.
[0205] In the embodiment described above, both of the
first optical element LS31 and the second optical element
LS2 are supported by the barrel PK in the substantially
stationary state. However, the first optical element LSI1
and the second optical element LS2 may be supported finely
movably in order to adjust the position and the posture of
at least one of the first optical element LS1 and the
second optical element LSZ.
[0206] In the embodiment described above, the first
optical element LS1 is the parallel flat plate having no
refractive power in which the lower surface Tl and the
upper surface TZ are the flat surfaces respectively, and
the lower surface Tl and the upper surface T2 are in

parallel to each other. However, for example, the upper

surface T2 of the first optical element LS1 may have a
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may be varied by the radiation of the exposure |light beam EL. Therefore, a
tenperature-adjusting unit, which adjusts the tenperature of the second
liquid LQ in the second Iliquid imersion area LR2, nay be provided, for
exanple, between the first optical elenment LS1 and the second optical

el ement LS2 to successfully adjust the tenperature of the second liquid
L2 by using the tenperature-adjusting wunit. The respective enbodi nents
descri bed abovalagikt priveEivpal| yThet ustr dthevdightt pat task ¢reitchSthe
projection optical systemPL and the substrate P are 143 opposed to one
anot her. HoweVBRy & e \whén Cehe® ppBFEetiion dopiivc AR S yEFEM P2+ s Idpposed to
anot her nenber éfor exanpl e, the_upper surfac?l 91 of the s%pj tEhﬁate st age
PST), the spat®'betdiasen J‘tthés’pP’c’J?g‘f‘:]f O optitcalesGUE ERt pie PEAbt her

nmenber can be filled th th rst |dL s, arrangenen t he
space on the m%g%e ei\édeogl 55 o% *the oq:rloﬁaéctl Eﬂerdﬁtll%ggllss SsnfaemeﬁLtFr}%n be

conti nuously f%lllé e&ré’é@tﬁﬂeésﬁff Jd[lgtpéaérg{] g‘ # b?hugh@gtlj;@eloq}%qt her rrenber

when the substrate stage i S se Fom t he projection optical

system PL, for.examl s during theopesalian Lobncgxchanging the substrate.

[0208] In the case of the liquid Imersion nmethod as described above, the
nureri cal aperfag®rNA Ofrnt Rge PROLEGH AN RRLLGRE4SYSLeM ISt 0.9 :hasl. 3 in
some cases. en the numerical aperture NA of the proj ection opti cal

systemis |argg B5,H8%ChRedr800¥Eeodd 1:%ud@SHKARLS160Q MSGhanism 2 for
performing the supply and the recovery of the second ligquid
LQ2 is absent. In this case, the exposure is performed
without exchanging the seccond liguid %LQ2 in the second
space K2 in the state in which the space between the first
optical element L3l and the second optical element LS2 is
filled with the second liquid LQ2. In such a situation,
there is such a possibility that the temperature of the
second liquid LQ2 in the second liquid immersion area LRZ
may be varied by the radiation of the exposure light beam
EL. Therefore, a temperature-adiusting unit, which adjusts
the temperature of the second liquid LLZ2 in the second
liguid immersion area LR2, may be provided, for example,
between the first optical element L31 and the second
optical element LS5Z to successfully adjust the temperature
of the second liquid LQ2 by using the temperature-adiusting
unit. The respective embodiments described above are
principally illustrative of the case in which the

projection optical system PL and the substrate P are

143



the polarized illumnation, because the inage formation performance is
deteriorated due to the polarization effect in sone cases with the random
pol ari zed |ight which has been hitherto used as the exposure |ight beam
In this case, it is appropriate that the linear polarized illum nation,
which is adjusted to the longitudinal direction of the Iine pattern of the
| i ne-and-space pattern of the mask (reticle), is effected so that the
diffracted |i§hPCerdthe SHagtngdd | gHeY Conpoitent™ EFESPBI B ¢ Led* I ght
conponent), i.e., .the conmponent .in the | ari zation 144 direction al ong

Wi th the | ongi CRALFAT GYTEet iigh 61 SPHESFINE” BRETErn I Eodbm Raht |y al | oved

to outgo fromthe ttern of the sk (retigcle). n ween
t he projectionexam ge the %Qger sug% c? §f og.t e ;@%%taggg §§9§§ 5&%)

opti cal “syst'em PL "an he  resi st coaf e e’ surface of

the substrate B,is_fi 1Lt Lquid, . the di.ffra el fenhe
S-pol ari zed |i§ﬁte 3%%%%;%%%8(%3% g%??%gtlc?l?g#lggr]?p%%ggt),b]\?mhgi%cﬁ etk

contributes to,hhe,kLpraverent: i B the, contyastonhasg rkhe; highy tr@nsmitt ance
on the resist surface, as conpared wth the case in which the space

between the prehestkpha@piial, sust eprbt andiHde @i plancoaies on ke
surface of the substrate Pis filled with the air (gas). Therefore, it is
possi bl e to obtabhetheohi @hidaragesternmat imyy pey fenrancewevent sl t he
nunerical aperture NA of the projection optical system exceeds 1.0.
Further, it iswiphetled fectdtvaditgoidppodpry atelng aorbienethéormermxanpiten t he
phase shift mask and the oblique incidence

the substrate stage PST is separated from the projection

optical system PL, for example, during the operation for

exchanging the substrate.

[0208] In the case of the liquid immersion method as
described above, the numerical aperture NA of the
projection optical system is 0.9 to 1.3 in some cases.
When the numerical aperture NA of the projection optical
system is large as described above, it is desirable to use
the polarized illumination, because the image formation
performance is deteriorated due to the polarization effect
in some cases with the random polarized light which has
been hitherto used as the exposure light beam. In this
case, it is appropriate that the linear polarized
illumination, which is adjusted to the longitudinal
direction of the line pattern of the line—-and-space pattern
of the mask (reticle), is effected so that the diffracted
light of the S-polarized light component (TE-polarized

light component), i.e., the component in the polarization
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illumnation nmethod (especially the dipole illumnation nethod) adjusted
to the longitudinal direction of the line pattern as disclosed in Japanese
Pat ent Application Laid- open No. 6-188169. In particular, the conbination
of the linear polarized illumnation nmethod and the dipole illumnation
method is effective when the direction of the cycle of the |ine-and-space
pattern is limted to a predeterm ned certain direction and/or when the
hol e pattern f&refhistierrd®rion vatpr Bet kit itedicett di nedt feetalorihe ﬁéﬂe

exanpl e, when a ghase shift mask of the half tone t%ge 145 havin
transmittance Bf @%(ﬁiaﬁngﬁaBF 4 hatvgsl teh Coft9cabbtt @E At 8ot

| ted b the | t t hod th
dipole 11} uni nhti ”ag%t R 1Pe) conbi Hati Bn sptaﬁs"haﬁv%gﬂft bUS (B0 Poan be
i nor eased by gu& h aﬁchg@ateg J{wstl@tac%a%g? LWl eh. e Landom

Um n

pol ari zed |igh ear i's “used provi at” the’i ation 4a, Shich is

defined by the. gl rammoried ;e bl & of, Lo B0, LLGNG TLuxes f10r Lobn ng

t he di pol e at e pupil plane o Juninatio system 1s 0.95

radi us of each]dightodf lctx @tpbbgrpmIllmr@n%omﬁogeagwm adif@qnuneri cal
aperture of the projection optical systemPL 1s [ 0209] For

exanpl e, when theAFor@eeines , | @8eEh | SHisaduras tbet@@pgw&rdme@iﬁt iheam
and the substrate P is exposed with a fine line-and-space pattern (for

exanpl e, |ine-and-cospaeetpf habotltie 25i dro tIAnBA) thynusi oy tHe farsajsect i on

opti cal surface, as compared with the case in which the space
between the projection optical system PL and the resist
coated on the surface of the substrate P is filled with the
air {(gas). Therefore, it is possible to obtain the high
image formation performance even when the numerical
aperture NA of the prcijection optical system exceeds 1.0.
Further, it is more effective tec appropriately compine, for
example, the phase shift mask and the obligue incidence
illumination method (especially the dipole illumination
method) adjusted to the longitudinal direction c¢f the line
pattern as disclosed in Japanese Patent Application Laid-
open No. 6-188169. In particular, the combination of the
linear polarized illumination method and the dipole
illuminaticon method is effective when the direction of the
cycle of the line-and-space pattern is limited to a
predetermined certain direction and/or when the hole

pattern is clustered in a predetermined certain direction.

For example, when a phase shift mask of the half tone type
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system PL having a reduction magnification of about 1/4, then the nmask M

acts as a polarizing plate due to the Wave quide effect depending on the

structure of the mask M (for exanple, the pattern fineness and the

t hi ckness of chromum, and the diffracted light of the S-polarized 1|ight
conponent (TE-pol arized |ight conponent) outgoes from the mask Min an

anount greater than that of the diffracted 1ight of the P: olarlze Ilght
conponent (TM %Wapﬁz%dtrq‘qﬁﬁtt@@ﬁﬁoﬁén?) WHT T 958wt 2t }ﬁ% Eo‘h]tfr%{bt

this case, esirabl e to_use.the Ilnear oIarlz d il at.i on as 146
descri bed abov@ V\g\%/e?m ! eVert MAETREhEY RS KM rigst u%eﬁlat%o V\njtzhdt

random pol ari zed, | i 9 %Jhon A8.R98S EI Ehot Ocplt rh#“% hkggnrg

perfor mance even numneri ca aper projecti on Optl cal

system PL is 'c%gaaépgn,exa{ao'd%ﬁtﬂ 8ft9oéu§ a[&%l%nV\Benlwfeauaﬁtgﬁte P

is exposed with an extrenely | I ne- and- space pattern on the mask

there is such a,,R0S8iilf tys thababe Froolardzed ik gh&cﬁommem{dc(mm
pol ari zed |ight conponent) is greater than the S-polarized |ight conmponent

(TE-pol ari zed Lbghti£ompongit bedue itkoutbe, Wdweded dnatfese. However, for
exanple, when the ArF exciner laser is used as the exposure |ight beam

and the substrafgmbhiSi SXRASQG 1 Wht Bsadéfﬂeécﬁrt%r pace;pabhesRinLy eater than
25 nm by using the projection optical system PL having a reduction

magni 1 cation gfab0us Wk dhenibhe sohils aeedhahl ohethepstoaarized
| i ght conponent

the pupll plane of the illumination system, is 0.95, the
radius of each light flux at the pupil plane is 0.1250¢, and
the numerical aperture of the projection optical system PL
is NA = 1.2.

[0209] For example, when the ArF excimer laser is used
as the exposure light beam, and the substrate P is exposed
with a fine line-and-space pattern (for example, line-and-
space of about 25 to 50 nm) by using the projection optical
system PL having a reduction magnification of about 1/4,
then the mask M acts as a polarizing plate due to the Wave
guide effect depending on the structure cf the mask M (for
example, the pattern fineness and the thickness of
chromium}, and the diffracted light of the S-polarized
light component (TE-polarized light component) outgoes from
the mask M in an amount greater than that of the diffracted
light of the P~polarized light component (TM-polarized
light ccomponent) which lowers the contrast. 1In this case,

it is desirable to use the linear polarized illumination as
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pol ari zed |ight conponent) outgoes fromthe mask Min an

anount greater

than that of the diffracted Iight of the P- polarized |ight conponent
(TM pol ari zed |ight conponent). Therefore, it is possible to obtain the
hi gh resol ution performance even when the nunerical aperture NA of the

projection optical systemPL is large, for exanple, 0.9 to

1.3. [0211]

Further, it is also effective to use the conbination of the oblique
i nci dence il | uAFR&FHOM MEISd HAWSYRe polsdr ivpéd ithEuRP Rkt oF met hod in
whi ch the |inear 147££olarLzation is effected in the tangentj al

(circunferentiat} s

i di sclosed in J tent lication Laid- NO.
i hout bei ng FEnPte™ GAly 86 1 HE-PtHodr" (rdFragiCri FUR HdtTbr e

- 53120,

(S-polarized: Llhuminationk adiushedeta.Lhe longiiydinal g raption.of the
I CU

line pattern o mask (reticle). Tnpa r,

e pattern of t

mask (retiC|e)i£nﬁhRﬂ§SfQQte%@k%l&heo éLg@EF%ttern extending in one
t pat | al’so

predet erm ned direction, but e pattern

so includes the line patterns

&9 ot 1o “PReTRIVYT @ HAIRGY Ré2Rent &Y L DPAREPOFt i cal

he

extending in aropid al i ti0f cdiffarent, i reqti Qnsokbaa, Mixed, maneho( i ne-
and-space patterns having different directions of the cycle are present

a mxed manner j;nd hend 1 nlys spessi phed .9 QPN 508 1 obnd rBge fQrARLi on
perfornmance even when the numerical aperture NA of the projection optical

systemis | argesshy UusiNGnakNt£ONBI NALA AN dt e gBONAbmbbhdHE NAt-ON

polarized light component) is greater than the S-polarized

light ccmponent (TE~polarized light component)

due to the

Wire Grid effect. However, for example, when the Arf

excimer laser is used as the exposure light beam, and the

substrate P is exposed with a line-and-space pattern

greater than 25 nm by using the projection optical system

PL having a reduction magnification of about 1/4, then the

diffracted light of the S-polarized light component {(TE-

polarized light component) outgoes from the mask M in an

amount greater than that of the diffracted licght of the P-

polarized light component {TM-polarized light component}.

Therefore, it is possible to obtain the high resclution

performance even when the numerical aperture NA of the

projection optical system PL is large, for example, 0.9 to

1.3.

[0211] Further, it is also effective o use the

combination of the oblique incidence illuminaticon method

and the polarized illumination method in which the linearx
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met hod and the polarized illumnation nmethod in which the [light is
linearly polarized in the tangential direction of the circle having the
center of the optical axis, as disclosed in Japanese Patent Application
Lai d- open No. 6- 53120 as well. For exanple, when a phase shift nmask of the
hal f tone type having a transmttance of 6 % (pattern of a half pitch of
about 63 nm is illumnated by using, in conblnatlon t he zonal

i |lunination néPHBHLE%EﬁQﬂ %%uﬁ§§eCt§P4}naﬁRFtQﬂ?ﬁﬁﬂ aPized i1l unination
met hod in which the I near d.in.the_t
o' o S U Tnonrycpolained o0 angenl o

direction of 148'fHg" optical axis

depth of focusf(QQF)oC@ca%]e S S3580- by ahout, 250 AmLesecompared with 2

case in which the ran arized'lrg eam’is ‘use rovided that the

i11unnation agggl%%m@%’a tch%peﬂuns“ @ﬁé)ﬁcﬂﬁr t58 o0k ngn@rpir@lcttéaon

optical system ="1.00. I'n the case of a pattern having a half

pitch of about,n39 P wid h @ UM Gal zaper tue A iTnl.(2- gélmﬁzecprm ection
optical system the depth of focus can be increased by about 100 nm

[0212] The substnahend:iwhi chijiustesabbecid tdigyidiaspact bveeepbadiaenthe
descri bed above, is not limted to the sem conductor wafer for producing

t he sem conductone gevieen Substr akes appticiahl.e iimchbudeichbirexdampl e, the
gl ass substrate for the display device, the ceramic wafer for the thin
fil mnmagnetic headpaaneit hef mast erspl atetidiintinetiivdesi hptacglasydie silicon
wafer) for the mask or the

line pattern extending in one predetermined direction, but

the pattern alsoc includes the line patterns extending in a

plurality of different directions in a mixed manner (line-

and-space patterns having different directions of the cycle

are present in a mixed mannexr), then it is possible to

ebtain the high image formation performance even when the

numerical aperture NA of the projection optical system is

large, by using, in combination, the zonal illumination

method and the polarized illumination method in which the

light is linearly polarized in the tangential direction of

the circle having the center of the optical axis, as

disclosed in Japanese Patent Application Laid-open No. 6-

53120 as well., For example, when a phase shift mask of the

half tone type having a transmittance of 6 % (pattern of a

half pitch of about 63 nm) is illuminated by using, in

combination, the zonal illumination method {zonal ratio:

3/4) and the polarized illumination method in which the

light is linearly polarized in the tangential direction of
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reticle to be used for the exposure apparatus. In the enbodinents

descri bed above, the light-transm ssive type nask (reticle), in which the
predeterm ned shielding pattern (or the phase pattern or the di nm ng
pattern) is forned on the light-transm ssive substrate, is used. However,
in place of the reticle, it is also allowable to use an electronic mask

for formng a ansm ssive pattern, a reflective pattern,. or i ght

eni ssi on patte% eoﬁl¥%%3%B§§P§ S%etﬁ%“%ﬁ%dT$6ﬁFbC@ 52 fa¥h%'6§FT %t be
subjected to e.expos as_djsclosed, for ex le,.kn United 149 States
Parent No. 6776, 5aot TSR, B3anb el HOSRt wn e SRR anh e S

exposur e appar@&‘&?eir l%%sqrnfa%ﬂ&:ﬁyéﬁg@a#&m ﬁfg&iel%?ﬁehi P?%lﬁ@?%esa%‘i pattern

is formed on a wa ormng interfere ringes e wafer W as

disclosed in %E%dpigggh%%dthggtEﬁga%&ﬂﬂﬁhmgﬁ%%i%a%gog_gp. m%pQ}k935168.

[0213] As for exposure appara € presen i hvehtion 17s al so

| i cabl h i ' . t
NOCSRIIRIR L i b Tl ol e S AL i

based on the step-dand- y m

the pattern ofthe mask %hb¥héy9§9£QQP%§'at%%%%”ﬁagﬁﬁ%g?%Fggégnq h%ésed

substrate P as well as the projection exposure appara per

on the step-angsrepesi Syshiem &okuPerdor g the ful L {ield qxposure with
the pattern of the mask Min a state In ich the mask M and the substrate
P are all onedst®;stand Shichbail Wi €S UGIRSSicVehy o3t eR-MDVENT be

increased by about 100 nm.

{0212] The substrate P, which is usable in the

respective embodiments described above, is not limited to

the semiconductor wafer for producing the semiconductor

device. Substrates applicable include, for example, the

glass substrate for the display device, the ceramic wafer

for the thin film magnetic head, and the master plate

(synthetic silica glass, silicon wafer) for the mask or the

reticle to be used for the exposure apparatus. In the

embodiments described above, the light-transmissive type

mask {reticle), in which the predetermined shielding

pattern {(or the phase pattern or the dimming pattern) is

formed on the light~transmissive substrate, is used.

However, in place of the reticle, it 1s also allowable to

use an electronic mask for forming a transmissive pattern,

a reflective pattern, or a light emission pattern on the

basis of the electronic data of the pattern to be subjected

to the exposure, as disclosed, for example, in United
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the substrate P. [0214] As for the exposure apparatus EX, the present
invention is also applicable to the exposure apparatus of the systemin
whi ch the substrate P is subjected to the full field exposure by using a
projection optical system (for exanple, a dioptric type projection optical
system including no catoptric elenent with a reduction nmagnification of

1/8) wth a reduction_image of LLS pattern in a.state in which.the
first pattern gﬁa%?ﬁepa%%%%fgﬁt%’EHgfésélIoﬁﬁﬂx?gﬁfﬂ%sfgﬁ%?%ﬁ RST Ul

Still. 1n 150 Lls case, Lhe present Lnyentign.d s.aksgqapplycalledo ihe

full field exposure apparatus based on the stitch sys _
subsequent £ 0 LhecRXPOSIE BRAIRLLANGEOE L6 d [dciinecPahl 87 AS: dpsari bed

above, the substrate P is subjected the full field exposure while

partially overlsgyhnggai X eductione MRYe;0f & Sarond Rat ier As ok ddie fddr st
pattern by using the projection optical systemin a state in which the

second patterniangné heamisdy afre iRtargaal doveddia isubstantéal |y stand still
thereafter. As for the exposure apparatus based on the stitch system the
present inventioni/03584%0 applicable to the exposure apparatus based on
the step-and-stitch systemin which at |east two patterns are partially
overlaid and tfansgerredonfdrhehsubsprate: Rpranttush8Xsuble ratesdt s
successi vely noved. The present invention is also applicable to an exposure
apparatus provhdedt vt hi 2 ateasapphycsih bgetahiteh sicackdde st nedirens sanvd

apparatus (scanning stepper) based on the step-and-scan

system for performing the scanning exposure for the pattern

of the mask M by synchronously moving the mask M and the

substrate P as well as the projection exposure apparatus

(stepper) based on the step-and-repeat system for

performing the full field exposure with the pattern of the

mask M in a state in which the mask M and the substrate P

are allowed to stand still, while successively step-moving

the substrate P.

{02141 As for the exposure apparatus EX, the present

invention is also applicable to the exposure apparatus of

the system in which the substrate P is subjected to the

full field exposure by using a projection optical system

{(for example, a dioptric type projection optical system

inciuding no catoptric element with a reduction

magnification of 1/8) with a reduction image of a first

pattern in a state in which the first pattern and the

substrate P are allowed to substantially stand still. In
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sensors for the nmeasurenent separately fromthe stage which holds the
substrate P. The exposure apparatus provided wth the neasuring stage is
descri bed, for exanple, in European Patent Publication No. 1,041, 357,
contents of which are incorporated herein by reference within a range of
perm ssion of the donestic laws and ordinances of the state designated or
selected in thi |nternat|onal Bgllcatlon [0215] The present |nvent|on

is al so applhcﬁhﬁé FR5The e WEH58 génYﬁﬁﬁ“ﬁkﬁé%@#éoaﬁﬁaféfﬁ% € Tifp the
apparatus are GLobi boekt PORtLEnBras T il dan pgﬁsﬁ%ggkphpncae%oﬁ%“re
Lat & open Nos. 430463080, A0 10 21478 %’95%%5 esf’ﬁ%'}%‘t 95. Ba) b

Japanese  Tr a“ﬁh atipn of QPQEHBESV QﬁébgnathD%QJHs%@fa‘tQ“pf 2 ?@5 ted to
Application No. 2000-505958 (corresponding to United States at ent No.

5,969, 441), andnbnited Statesx<Batgnt J:\i@lle 6,208,497, ocopieptsy of which are

i ncorporated herein by reference within a'range of perm ssion of the

donestic | aws rafdcoish nanrees oof at becstdtms desingnat edof 1 &t gedwadk dnn bihi s
international application. [02161 In the enbodi mrent descri bed above, the

exposure appatatusg,the pauiiektthe spate: betyweem tiheapsogectiwnwhiapt ittel
system PL and the substrate Pis locally filled with the liquid, is
adopt ed. Fbmeveﬁqomdupqﬂnﬁg@nand the substrate P are allowed to

substantially stand still thereafter. As for the exposures
apparatus based on the stitch system, the present invention
is also applicable to the exposure apparatus based on the
step-and-stitch system in which at least two patterns are
partially overlaid and transferred on the substrate P, and
the substrate P is successively moved. The present
invention is alsc applicable to an exposure apparatus
provided with a measuring stage which includes members and
sensors for the measurement separately from the stage which
holds the substrate P. The exposure apparatus provided
with the measuring stage is described, for example, in
European Patent Publication No. 1,041,357, contents of
which are incorporated herein by reference within a range
of permission of the domestic laws and ordinances of the

state designated or selected in this international

application.
[0215] The present invention is also applicable o the
twin-stage fLype exposure apparatus. The structure and the
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invention is also applicable to the liquid i mersion exposure apparatus in
which the entire surface of the substrate as the exposure objective is
covered with the Iliquid. The structure and the exposure operation of the
l'iquid inmrersion exposure apparatus in which the entire surface of the
substrate as the exposure objective is covered with the liquid are
described in detail, for exanple, In Japanese Patent ﬁggllcatlon Lai d- open
Nos. 6- 124873 FRES¥HS 3039 4id “Bni-P8dT St 4t < Pat'el ©5%825, 043,

contents of which are incorp er reference Wi t g range
of permi ssion gppeﬁgga%n%g%. lﬁ%} egango dX%%%Cés J?ﬁane?atEh J%S|gnated

or Selected nhhscal nbernall enal, agol i £ati ofhod %%%17]10A§'|t£%3the type of

t he exposure apparatu resent 1nvention i s not mted to the

exposur e appar atus, £ 05,4 he, sc%mueqvagacgegt&evtta%rw Qduct Eogy f o0-£XPOSi ng
the substrate P with the sem conductor device pattern. The present

invention is algsaowi gely @prld,cabl eankos, exane,, @1ibBec@xXpasdHae
apparatus for produ0|ng t he I|qU|d crystal di spl ay device or for producing

the display astTwehklasidher exposurerappss:ad usedar cpraduceag, pdyntexanpl e,
the thin filmnmagnetic head, the imge pickup device (CCD), the reticle,
or the mask. [@2R8}c¥hem tthe [2i006a600BE®r (dor tsgadriidngt he Gubisdd ditmitest age
PST and/or the nask stage MST, it is allowable to use any one of those of
the air floati BgteypeNbaseddn idhe, uged United States Patent No.

6,208,407, contents of which are incorporated herein by
reference within a range of permission of the domestic laws
and ordinances of the state designated or selected in this
international application.

[0216] In the embodiment described above, the exposure
apparatus, in which the space between the projection
optical system PL and the substrate P is locally filled
with the liguid, is adopted. However, the present
invention is also applicable to the liguid immersion
exposure apparatus in which the entire surface of the
substrate as the exposure objective 1is covered with the
ligquid. The structure and the exposure operation of the
liquid immersion exposure apparatus in which the entire
surface of the substrate as the exposure objective is
covered with the ligquid are described in detail, for
example, in Japanese Patent Application Laid-cpen Nos. 6-
124873 and 10-303114 and United States Patent No.

5,825,043, contents of which are incorporated herein by

152



of the air bearing and those of the nmagnetic floating type based on the

use of the Lorentz's force or the reactance force. Each of the stages PST,
MST nmay be either of the type in which the novenent is effected al ong the
guide or of the guideless type in which no guide is provided. An exanple
of the use of the Iinear notor for the stage is disclosed in United States

Pat ent Nos. 5,62£ 853 and 5,528,118, contents qf which are inchP rat ed
herein by ref&FERER FoePedtvEl Y2FERT T BE P HRGe °8f CpeF it sSPet tof 3%’5

donestic | aws and ordi nances of .the state, designated or 153 selected in
o Cer oot R L o s B B R R TR E P T VP RS ety STLPor

each of the stgages,BST ht .Ls.also allowable to use a plane notor in
whi ch a magnet un?tnpréﬁfgggpﬁggﬁg?ﬁgﬁdinensionally arranged magnets and

an armature unig,pjpvi ded \@iogfhthgmt%/}gé r@ﬂséh%g%'xb)ééﬁ%a g £01d 5,87 €

opposed to one another, and each ot" the stages T, I's driven by the

el ectromagneti g, i ik pke Rl r t it and
gnet! g-loroe drihis alrangenanto. Ay e ol L0 . TRANGL g

the armature unit I's connected to the stage PST, MST, ot her of the

nmagnet unit angstheward@Blivbgdubfbt bSO dedoncthesside ofi theovabl e
surface of the stage PST, MST. [0220] The reaction force, which is

generated in saccordance with the sowvermt.9brt Bevsubspiate st age«PST, may
be nechanically released to the floor (ground) by using a frane nenber so
that the reactpossdror devieatnoh is also widely applicable, for example,

to the exposure apparatus for producing the liguid crystal

display device or for producing the display as well as the

exposure apparatus for producing, for example, the thin

film magnetic head, the image pickup device (CCD), the

reticle, or the mask.

[0218] When the linear motor is used for the substrate

stage PST and/or the mask stage MST, it is allowable to use

any one of those of the air fleoating type based on the use

of the air bearing and those of the magnetic floating type

based on the use of the Lorentz's force or the reactance

force, Each of the stages PST, MST may be either of the

type in which the movement is effected along the guide or

of the guideless type in which no guide is provided. An

example of the use of the linear motor for the stage is

disclosed in United States Patent Nos. 5,623,853 and

5,528,118, contents of which are incorporated herein by

reference respectively within a range of permission of the

domestic laws and ordinances of the state designated or

153



transmtted to the projection optical systemPL. The nethod for handling
the reaction force is disclosed in detail, for exanple, in United States
Pat ent No. 5,528,118 (Japanese Patent Application Laid-open No. 8-166475),
contents of which are incorporated herein by reference wthin a range of
perm ssion of the donestic |aws and ordinances of the state designated or
selected in this. internpatiaonal, lication. 221] .The reaction force,

g 2Pk Jazdk 20

which is gener &F¢8°FRY HeddVdan l?%%f Wdvement of the mask stage MST

may be 154 ”E%p%25?a||YA§%!%@%%g B?i%@?gf$ggﬁngg£pggg%e9¥hQ§Equﬁ frame

menber so that eacton torce rs not'transmtte o the projection

optical systemPL. Th t f.or . _h i reacti | 5, discl osed
in detail, forSt@%%ﬁp?%ﬂ?ﬁ%ﬂ%nﬁgeéSssggés %%%Eﬁ?eNgg E?%?%, %%M%Japanese

Pat ent Appl i Cagirloghkg}i& da; ik QNOunfé?c?f%Qg@faed %@he'%?v%—gﬁme%@i&%ﬂye

i ncorporated herein ence wwthin a range of perm ssion of the

donestic |aws and.gdinanges ofkhen shaleudesignaiedvonegeleot edd-n this
international application. [0222] As described above, the exposure

apparatus EX aggehdifgaio the eabadtsent ofe tdippresent ohaventton:,is
produced by assenbling the various subsystens including the respective
constitutive ekegenkshast defd redgen £baj NBSBaLs tdhdtvehheyptledet er m ned
mechani cal accuracy, the electric accuracy, and the optical accuracy are
mai nt ai ned. | nelectromagnetic force. In this arrangement, any one of the
magnet unit and the armature unit is connected to the stage
PST, MST, and the other of the magnet unit and the armature
unit is provided on the side of the movable surface of the
stage PST, MST.
[0220] The reactiocn force, which is generated in
accordance with the movement of the substrate stage PST,
may be mechanically released to the floor (ground) by using
a frame member so that the reaction force is not
transmitted to the projection optical system PL. The
method for handling the reaction force is disclosed in
detail, for example, in United States Patent No. 5,528,118
(Japanese Patent Application Laid-open No. 8-166475),
contents of which are incorporated herein by reference
within a range of permission of the domestic laws and
crdinances of the state designated or selected in this
international application.

[0221] The reaction force, which is generated in

accordance with the movement of the mask stage MST, may be
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order to secure the various accuracies, those perfornmed before and after
the assenbling include the adjustnent for achieving the optical accuracy
for the various optical systens, the adjustnment for achieving the
mechani cal accuracy for the various nmechanical systens, and the

adj ustment for achieving the electric accuracy for the various electric

systens. The s f senbl.ing th vari ogus sybsyst into the exposure
appar at us incl %‘gg;ﬁar?;bcra S'Lé/xé:r%leg,geflhgo n%%%a%oc?é:l 5§H80ﬁ%¥|,u?3hneq Wi ng

connect | on of cthe. shagldl CooLrgbl g, ANCLNG BLRLDO; copnectian.afLhe 19°

air pressure circuits 1n correlation € varl ous subsystens.

Wi thout sayi ngtbhafe 1he 38R0 asSEND)d gy tthe regpegliygy i fg vi dual
subsystens are performed before perform ng the steps of assenbling the

vari ous subsysten®limy @HNecaXposHr 8o ARPAAlMS-1¥hen thejesdaps @fr
assenbling the various subsystens into the exposure apparatus are

conpl eted, theecoameslad,| iadpustaentthsSes perde@itnmed .t 6, SBCUSED t hEapeaics@us
accuracies as the entire exposure apparatus. It is desirable that the
exposure appafatast iZpppricdutced Laid gbeana.o6r3iEN2M) chcordtarmtsexdnpl e, the
tenperature and the cl eanness are managed. [0223] As shown in Fig. 15, the
m crodevi ce sué¢hids anee insenpeoadedtivrradevibye reependecedtipyn perforri ng,

for exanple, a step 201 of designing the function and the performance of
t he ni crodevi cef RESHESF120206f thanidestuid Agvsaandskr¢ivanede)hased on the

designing step, a step 203 of , o ,
state designated or selected in this international

application.

[0222] As described above, the exposure apparatus EX
according to the embodiment of the present invention is
produced by assembling the various subsystems including the
respective constitutive elements as defined in claims so
that the predetermined mechanical accuracy, the electric
accuracy, and the optical accuracy are maintained. In
order to secure the various accuracies, those performed
before and after the assembling include the adjustment for
achieving the optical accuracy for the various optical
systems, the adjustment for achieving the mechanical
accuracy for the various mechanical systems, and the
adjustment for achieving the electric accuracy for the
various electric systems. The steps of assembling the
various subsystems into the exposure apparatus include, for
example, the mechanical connection, the wiring connection

of the electric circuits, and the piping connection of the
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produci ng a substrate as a base material for the device, an exposure
process step 204 of exposing the substrate with a pattern of the mask by
usi ng the exposure apparatus EX of the enbodi ment descri bed above, a step
205 of assenbling the device (including a dicing step, a bonding step, and
a packaging step), and an inspection step 206. | NDUSTRI AL APPLI CABI LI TY

[0224] According.to, Lhg, ol esqnt, kBVent LoPreddeich (190 pRSSIPLR L0 avol d the

. . 1 .
deterioration € exposure accuracy an tﬁe measur enent accuracy whi ch

woul d be othegyw,sescapsed By johe ROLLYLE ok pfnd heael epentc{optdcal
el ement). Therefore, the exposure process and the mneasurenent process can

be perforned aggyrabely; ¥ thebecracsorsing dua it Revpyesent drwention, it
is possible to realize the conpact size of the apparatus itself, because
the |iquid i Mmeeskomed e ak bermadeisgatie stepsChAl MBseidbl Ay exposur e
apparatus whi ch exposes a substrate by radiating an exposure |ight beam
ont o the subst vakeous hswouglstansi quicd, thhe:axposuyr epapparat us Wormprthsi ng: a
proj ection optical systemwhich has a plurality of elements including a
first el ement ekesestf tassmbiliagethpl amel @l sabseesatselehntiwhi ch is

second closest to the inmage plane with respect to the first el enment,
wherei n: the fekBPSeremmaiasisaster §orRLGTobe e EFeFgll adjustment is

performed to secure the varicus accuracies as the entire
exposure apparatus. It is desirable that the exposure
apparatus is produced in a clean room in which, for
example, the temperature and the cleanness are managed.
[0223] As shown in Fig. 15, the microdevice such as the
semiconductor device is produced by performing, for
example, a step 201 of designing the function and the
performance of the microdevice, a step 202 of manufacturing
a mask {reticle} based on the designing step, a step 203 of
producing a substrate as a base material for the device, an
exposure process step 204 of exposing the substrate with a
pattern of the mask by using the exposure apparatus EX of
the embodiment described above, a step 205 of assembling
the device (including a dicing step, a bonding step, and a

packaging step), and an inspection step 206.

INDUSTRIAL APPLICABILITY

{0224] According to the present invention, it is
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arranged opposite to a surface of the substrate and through which the
exposure |ight beam passes, and a second surface which is arranged
opposite to the second el ement and through which the exposure |ight beam
passes; an outer dianeter of a surface of the second el enment opposed to
the first element is smaller than an outer dianmeter of the second surface

of the first elenent; the first elenent and the second el enent are
supported in gogaﬂ%{%uhﬂ éwpﬁdsfg?i ﬁ5$§;%ﬁ%ﬁﬁ?qmoghtE@sﬁ%%?STEFzan opti cal

axis of the projection optical syste nd t he exposure |i beam i s
radi ated onto %hguéﬁﬁéf¥§{é%etgeéiﬁﬁgeef%é“§ﬁ%€Fﬁa %lgﬁr%ﬁéﬁge?%irs; i quid
on a side of h@ﬁe&!rifsset c%l&fsfeécﬁyo{ig%hgoﬁJr.sitone'o%mé% QPQm&éePo\%}q lshqui d

on a side of the second surface: ~An ‘exposure appar at us i ch exposes
a substrate by;tadi@ati ngran-expasUL L. | .90 heamoptost hggsubstrate
through a first liquid, the exposure apparatus conprising: a projection
optical systemwwhicleds arpbukal bhy o palRmRRUSERGLEEENG. a fididlk rel enent
closest to an imge plane and a second el ement which is second closest to
the image pl anecoding espest poctber fimsdntalbanent; iangdods fdrsted i qui d

i mmer si on mechani sm which supplies the first liquid, wherein: the first

el enent has a féaktzesutfacemphtthsise @f riargedpapposst eriol @y, Swdaace of the

substrate and t hrough which the exposure |ight beam passes, and a second
surf ace the liquid immersion area can be made small.
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which is arranged opposite to the second el enent and which 1is
substantially in parallel to the first surface; an outer dianmeter of the
second surface of the first elenent is greater than an outer dianeter of
the first surface of the first elenent; and the exposure |ight beamis
radi ated onto the substrate to expose the substrate through the first
liquid between the first elenent and the substrate. 3. The exposure
apparatus according to claim?2, wheretnarggspace between the first el enent
and the second elenment is filled with a second liquid; and 159 the
exposure light beamis radiated onto the substrate through the first
liquid and the second liquid to expose the substrate. 4. The exposure

appar atus accordijng t a,Chaii2re WHEIAILL AN QLS digmier, of assryface of
the second el enent opgbgé tol?%e second surface of the f?rs? el enent is

smal | et t hag,t e Qutehodiametelo oy d he acend sutace ol sibe:fitst

el enent. 5. The exposu apparatus according to claim?2, f

compr i sing 259860 al haWid d RIS AN JEEANSM, WIS Ndhd )5 pace between

the first element and the second element a secon Iquid. 6. The

exposure appar at us acqarding t0..qlalmE,: dheneid, the; seond-1i gy dofs the
sane as the first P.q§|5.
elements including a first element closest to an image
plane and a second element which is second closest to the
image plane with respect to the first element, wherein:
the first element has a first surface which is
arranged opposite to a surface of the substrate and through
which the exposure light beam passes, and a second surface
which is arranged opposite to the second element and
through which the exposure light beam passes;
an outer diameter of a surface of the second element
opposed to the first element 1s smellier than an outer
diameter of the second surface of the first element;
the first element and the second element are supported
in a substantially stationary state with respect to an
optical axis of the projecticn optical system: and
the exposure light beam is radiated onto the substrate
to expose the substrate through a first ligquid on a side of

the first surface of the first element and a second liguid

on a side of the second surface.
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7. The exposure apparatus according to claim5, wherein the second |liquid

i mrer si on nechani sm has a supply port which supplies the second |iquid,
and a recovery port which recovers the second liquid. 8. The exposure
apparatus according to claimb5, wherein the second |iquid inmersion
mechanismforns a liquid imersion area in only a partial area of the
second 160 surface of the first elenent. 9. The exposure apparatus
according to claim?2, wherein a distance between the first surface and the
second surface of the first elenent on an optical axis of the projection

opti cal systen1i§3not;h§§§8%%§$ﬂ;5%£3%§%ggsAwhfégoggégsggpgrg&g t%@%

h
exposes a substrate by ra g ure Tigh eam onto € su%strate

{hrough a Thaete Ly e sxpoauLe, aPRAL 3Ly, 0L BLOG: poLLEpL 11 auic

i mer si on mechani sm h” pro e qui o] Strate,

A APy e AR Pl Bl S LT D B L s L TR S e

i ncluding a |"ermren ses o an

which is second c| gsest to the .imm lane with respect to the.firs

el ement, wherein:" t %9%??%&OQH%9E%ﬁ§fsg%ﬁ'%ﬁd@al%%e?%%taangFgﬁlgﬁr? ce of

the first el nt..is. osed to surface of the, substrate, and a second
He SRS l%rcpeirlrlenjtnq § olp}b%%e%l‘?x%e?%e(:]s%%%ﬁﬁ é‘?e%ni?aﬁedi st ance

surface of the fire
bet ween theﬁ@&ﬁg é%gfgugéég%hte%a§§%9mrich is second closest to the
image plane with respect to the first element; and
a first ligquid immersion mechanism which supplies the
first liquid, wherein:
the first element has a first surface which is
arranged copposite to a surface of the substrate and through
which the exposure light beam passes, and a second surface
which is arranged opposite to the second element and which
is substantially in parallel to the first surface;
an outer diameter of the second surface of the first
element is greater than an outer diameter of the first
surface of the first element; and
the exposure light beam is radiated onto the substrate

to expose the substrate through the first liguid between

the first element and the substrate.

3. The exposure apparatus according to claim 2,
wherein:
a space between the first element and the second

element is filled with a second liquid; and
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surface of the first elenent on an optical axis of the projection optical
systemis not less than 15 mm and the exposure |light beamis radiated onto
the substrate to expose the substrate through a first liquid on a side of
the first surface of the first element. 161 11. The exposure appar atus
according to claim10, wherein the first surface and the second surface
are substantially in parallel to each other. 12. The exposure apparatus
accordi ng to cl aithe? edpos3e Wieyrsl edrhel f irsdidiali chiometsi onaechaai sm
has an inclined surface which is forned opposite to the surface of the
substrate; andoctlye ftinestsildsquild guimerssidn: He dwdbrsdn hiagu & | t jukghbos@covery
port which is fornmed on the inclined surface. 13. The exposure apparatus
accordi ng tahel aiumsk2amarerein the inclined surface is formed so that a
spacing distance between the inclined surface and the surface of the
substrate is increased at positions separated farther fromthe optical
axis of the exposure light beam 14. The exposure apparatus according to

claim12 or 33, quher ik 2:RRRUS MRt E Adangethd ned herdigu d
recovery port of the first liquid i mersion mechanism 15. The exposure

appar at us ageerdi Rg ah0 ctltaiMdbZme tehers i the dd idedisdirdasend s formed to
surround a projection area onto which the exposure |ight beamis
element opposed to the second surface of the first element

1s smaller than the cuter diameter of the second surface of

the first element.

5. The exposure apparatus according to claim 2,
further comprising a second liguid immersion mechanism
which fills a space between the first element and the

second element with a second liguid.

0. The exposure apparatus according to claim b,

wherein the second liguid is the same ag the first liquid.

7. The exposure apparatus according to claim 5,
wherein the second liquid immersion mechanism has a supply
port which supplies the second ligquid, and a recovery port

which recovers the second liquid.

8. The exposure apparatus according to claim 5,
wherein the second liguid immersion mechanism forms a

ligquid immersion area in only a partial area of the second
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162 radi ated. 16. The exposure apparatus according to claim 15, wherein:
the first liquid imrersion nmechanismhas a flat portion which is forned
between the inclined surface and the projection area to be irradiated with
t he exposure |ight beam which is substantially in parallel to the

surface of the substrate, and which is formed continuously to the inclined
surface; and the flat portion is fornmed to surround the projection area.

17. The exposiie@Ppsr atius aceor dd ngrdo- claim2 or 30, wherein: the first
liquid i mersion mechanismhas a flat portion which is fornmed opposite to

the surface of the substrate and which is substantially in parallel to the
surface of the substrate; and the flat portion is arranged to surround a

projection area onto m ciddg exposideadi gicbsamihg radiated. 218. The
exposure apparatus according to claim 16 or 37, wherein the flat portion

of the firstydQuid d essd e 6@%ﬂ%ﬁﬂisﬁﬂé5f?f£@“§@ﬂf9@@°§h&etﬁ9 tBeond
surface of the substrate between the substrate and the first surface of

163 the first, elemens G The ©xPOske appaitys: aecording tp chai m 17,

projection optical system is not less than 15 mm.

10. An exposure apparatus which exposes a substrate
by radiating an exposure light beam onto the substrate
through a first liquid, the exposure apparatus comprising:

a first liquid immersion mechanism which provides the
first liguid onto the substrate; and

a projection optical system which has a plurality of
elements including a first element closest to an image
plane and a second element which is second closest to the
image plane with respect to the first element, wherein:

the first element is arranged so that a first surface
of the first element is opposed to a surface of the
substrate, and a second surface of the first element is
cpposed to the second element;

a distance between the first surface and the second
surface of the first element on an optical axis of the
projection optical system is not less than 15 mm; and

the exposure light beam is radiated onto the substrate
to expose the substrate through a first liguid on a side of

the first surface of the first element.
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wherein the first liquid inmersion nechanismhas a liquid recovery port
which is arranged outside the flat portion wth respect to the projection

area onto which the exposure |light beamis radiated. 20. The exposure
apparatus according to claim2 or 30, wherein the first liquid i mrersion
mechani smhas a |liquid recovery port which is arranged to surround a

projection area onto which the exposure |ight beamis radiated. 21. The
exposure apparatus according to claim?20, wherein the liquid recovery port
of the first liquid imrersion nmechanism which is formed to surround the

projection area, ihas ameOW:@loLlRMRliga W e dScsml A@rto thpnimn ot er
di aneter of the second surface of the first elenent. 22. The exposure

appar at us ageer@diing 1 Gliaish 20 rashergid dle ddpid secpyesysport of the
first liquid inmmersion nechanismis arranged around the first surface of

the first elkememarsaqnat itheddquidl SUpRly-IPastnds. opposed to the surface
of the substrate between the first el ement 164 and the substrate. 23. The

exposure apparatus according to claim2 or 30, wherein: the first el enent
has a third surface which is fornmed around the first surface; and the

di stance betweenjbhe Sk $Whace Ak LN Sechding to claim 2 or
30, wherein:
the first liquid immersion mechanism has an inclined
surface which is formed opposite to the surface of the
substrate; and
the first ligquid immersion mechanism has a liguid

recovery port which is formed on the inclined surface.

13. The exposure apparaitus according to claim 12
wherein the inclined surface is formed so that a spacing
distance between the inclined surface and the surface of
the substrate is increased at positions separated farther

from the optical axis of the exposure light beam.

14. The exposure apparatus according to c¢laim 12 or
33, wherein a porous member is arranged in the ligquid

recovery port of the first liguid immersion mechanism.

15. The exposure apparatus according to claim 12,
wherein the inclined surface is formed to surrcund a

projection area onto which the exposure light beam is
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surface of the first elenent is |longer than a distance between the second
surface and the third surface of the first elenent. 24. The exposure
apparatus according to claim2 or 30, wherein a surface of the second

el ement, which is opposed to the first elenent, is smaller than the second
surface of the first elenent. 25. The exposure apparatus according to any
one of clains 22 to 29, wherein the outer dianeter of the second surface
of the firstyglief®eni is not less than twice the outer dianmeter of the
first surface of the first elenent. 26. The exposure apparatus according to
claim5, wherein: the first liquid inmrersion nechanismhas a flat portion
which is fornmed opposite to the surface of the substrate and which is

substantially in jparaldel é§bggg%éﬁgb§%gg?&§ 95%5$§%§?b§5r@1§imapg the flat

portion is arranged to surround an optica pat he exposure [ight
beam bet ween,{he. ;substrate and the first surface of the first elenment. 27.
The exposure apparatus according to claim26, wherein the first liquid

i mrer si on nechanqgﬁim%%g%[ﬂgﬁfa%rgﬁ&ﬁg oﬁ”ﬁé%ﬁﬁﬁ&§ﬁ?%§§n%tffa irst

el ement and the strate a I ncludes an openi ng through which the

exposure |ight- deam passes Al the flal, £91HR0 {08 e q aLQHRL L hgr gpeni ng.

the projection area to be lrradiated with the exposure
light beam, which is substantially in parallel to the
surface of the substrate, and which is formed continuously
to the inclined surface; and

the flat portion is formed to surround the projection

area.

17. The exposure apparatus according to claim 2 or
30, wherein:

the first liquid immersion mechanism has a flat
portion which is formed opposite te the surface of the
substrate and which is substantially in parallel to the
surface of the substrate; and

the flat pertion is arranged to surround a projection

area onto which the exposure light beam is radiated.

18. The exposure apparatus according to claim 16 or
37, wherein the flat portion of the first ligquid immersion
mechanism is arranged opposite to the surface of the

substrate between the substrate and the first surface of
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28. The exposure apparatus according to any one of clainms 26 to 27,
wherein the first liquid imersion nechanismhas a recovery port which is
arranged at a position opposed to the substrate and which recovers the
first liquid fromthe surface of the substrate. 29. The exposure appar at us
according to claim17, wherein the first liquid i mrersion nechanismhas a
plate which is arranged between the first elenent and the substrate and

whi ch i ncl udés an epeniingnddiy.ough which the exposure |ight beam passes and
the flat portion formed around the opening. 30. The exposure apparatus
according to claim17, 166 wherein a distance between the first surface
and the second surface of the first elenent is greater than a distance

bet ween the substirat e Tard i Fudestasifanes @c&&eﬂﬂ%%o element7on an
optical axis of the projection optical system 31 e exposure apparatus

accordi ng t@nel@iif Zhe eI N jdndicstiance deiyeitie & nsds surf ageiand the
second surface of the first elenent is greater than a distance between

the substratecane rihedritr sthisw fiace ofaddhey fdusdi gelapent1 o0 go-opshcal
axis of the projection optical system 32. The exposure apparatus

accordi ng t@iehair@siRct Waerelan (b exposura-dd Mt@%ﬂé@ E}@@“ &k 88ds@ht 0
the substrate through the first I|qU|d and a second liquid

light beam is radiated.

20. The exposure apparatus according to claim 2 or
30, wherein the first liquid immersion mechanism has a
liquid recovery port which is arranged to surround a
projection area onto which the exposure light beam is

radiated.

21. The exposure apparatus according to claim 20,
wherein the liguid recovery port of the first liquid
immersion mechanism, which is formed to surround the
projection area, has an outer diameter which is smaller
than an outer diameter of the second surface of the first

element.

22. The exposure apparatus according to claim 20,
wherein the liguid recovery port of the first liquid
immersion mechanism is arranged around the first surface of
the first element so that the liquid supply port is opposed

to the surface of the substrate between the first element
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bet ween the second el enent and the second surface of the first elenent.

33. The exposure apparatus according to claim 10, wherein the first liquid
i mrer si on mechani sm has a nozzle nenber which is provided with a liquid
supply port and a liquid recovery port, and the nozzle nmenber is
positioned below the second surface of the first elenment. 34. An exposure
appar at us whi ch exposes a substrate 167 by radiating an exposure |ight

beam ont o t heysubhsd rates+ ddvough a first liquid, the exposure apparatus
conprising: a first liquid imrersion nmechani smwhich provides the first

liquid onto the substrate; and a projection optical system which has a
plurality of elenents including a first elenment closest to an i nage plane

and a second el enent WHLhigh Sec0obed 0508 d@:dh@ind Megecphaneswpth
respect to the first element, wherein: the first elenent has a first

surface whichy i shedignged opposite to a surface of the substrate and
t hrough which the exposure |Iight beam passes, and a second surface which

i's arranged opposite 0 dthe 19econd el enenty and dhrough which therexpogure

| i ght beam passes; a distance between the first surface and the second
surface of the. fid sthelmment onanoptical axis of the projection optical

systemis greater than a distance between the first surface of the first
el ement and the S 1AGE Qcd e SHRS rate AN 46 0P &A1 2 8X1 $nOf s886nd
surface of the first element is longer than a distance

between the second surface and the third surface of the

first element.

24. The exposure apparatus according to claim 2 or
30, wherein a surface of the second element, which is
opposed to the first element, is smaller than the second

surface of the first element.

25. The exposure apparatus according to any cne of
claims 22 to 29, wherein the cuter diameter of the second
surface of the first element is not less than twice the

outer diameter of the first surface of the first element.

26. The exposure apparatus according to c¢laim 5,
wherein:

the first liquid immersion mechanism has a flat
portion which is formed cpposite to the surface ¢f the

substrate and which is substantially in parallel to the
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projection optical system and the exposure |ight beamis radiated onto the
substrate to expose the substrate through the first liquid between the
substrate and the first surface of the first element and a second |iquid
bet ween the second el enment and the second surface of the first el enent.

35. The exposure apparatus according to claim34, 168 wherein: the first
|l iquid i mersion mechanismhas a flat portion which is fornmed opposite to

t he surf ace sofrfishe cubste et anditvdy cdnd s substantially in parallel to the
surface of the substrate; and the flat portion is arranged to surround an
optical path forthehe lexpasurta dr ghi Deamdret weensdheosudsin abet andl t he
first surface of the first elenent. 36. The exposure apparatus according to
claim 35, wheheifiort héref iengioduquild dimessironaRehani s | aabsidesta apdat e
which is arranged between the first elenent and the substrate, and the

pl ate has t heef Ifat sporstiraia cand far heopRind 9ty 4 herneigh, whi ch t he exposure |ight
beam passes. 37. The exposure apparatus according to any one of clains 34
to 36, wherein a surface of the second elenent, which is opposed to the
first element, is smaller than the second surface of the first el enment.

38. The exposurezappanaieusxgeeerd RpdL-ohed mMebrafig thercTomrisj ng a
second |iquid imrersion nmechani sm
wherein the first liquid immersion mechanism has a plate
which is arranged between the first element and the
substrate and which includes an opening through which the

exposure light beam passes and the flat portion formed

around the opening.

28. The exposure apparatus according tc any one of
claims 26 to 27, wherein the first liguid immersion
mechanism has a recovery port which is arranged at a
position opposed to the substrate and which recovers the

first liquid from the surface of the substrate.

29. The exposure apparatus according to claim 17,
wherein the first liguid immersion mechanism has a plate
which is arranged between the first element and the
substrate and which includes an opening through which the
exposure light beam passes and the flat portion formed

around the opening.

30. The exposure apparatus according to claim 17,
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whi ch provides the second liquid to a space between the first elenent and
the second el enent independently fromthe first liquid imrersion
mechani sm 169 39. The exposure apparatus according to claim34 or 35,
further conprising a second liquid inmersion nechanism which provides the
second liquid to a space between the first elenment and the second el enent
i ndependently fromthe first liquid imrersion nmechanism 40. The exposure

apparatus aceoiing 4 wd@ine S Ofwed?, taberei i sherdbesindi gk dsbaprasi on
mechani smincludes a supply port for supplying the first liquid and a

recovery pordufffce recomes imirdheeféfsie | iguidedt om anposht hovrahewe the
substrate, the supply port and the recovery port being disposed in the

vicinity of wispage hel weansdhed 454 1€ enepét angrthes sypstrat eirand the
second liquid imrersion nmechani smincludes a supply port for supplying the

second |i quidd,ertdit SHPRIY odords beings di sposed,idydhes yhchpiiyaof the space
between the first elenent and the second el enent. 41. An exposure nethod
for exposing.awsipstrate by radiating an exposure |light beamonto the
substrate via a liquid and a projection optical systemincluding a first

el ement closest to an inmage plane and a second el enent which is second
closest to the inmage plane with respect to the first elenent, wherein:

31, The exposure apparatus according to claim 2,
wherein a distance between the first surface and the second
surface of the first element is greater than a distance
between the substrate and the first surface of the first
element on an optical axis of the projection optical

systemn.

32. The exposure apparatus according to claim 10,
wherein the exposure light beam is radiated onto the
substrate through the first liguid and a second liquid
between the second element and the second surface of the

first element.

33. The exposure apparatus according to claim 10,
wherein the first liquid immersion mechanism has a nozzle
member which is provided with a liquid supply port and a
liguid recovery port, and the nozzle member is positioned

belcw the second surface of the first element.

34. An exposure apparatus which exposes a substrate
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a first surface of the first elenent, which is opposed 170 to the
substrate, is smaller than a second surface of the first elenment which is
opposed to the second el enent; and a surface of the second el enment, which
is opposed to the first elenment, is smaller than the second surface of

the first elenent, the exposure nethod conprising: providing a first liquid
to a space between the substrate and the first surface of the first

el enent; provimidigtargecondipapuink tlo ghts pacen betweeth¢ heulbs tsétel enent
and the second el enent; and exposing the substrate by radiating the
exposure |i ghtrovggam dntcs tt e gulbbt ridte dxypoughe tdepdrasts | cqupdiaiudg t he

second liquid. 42. The exposure nethod according to claim41l,

further

conpri sing suppl w fg rartd riegaverinmg: Adies:f inesthant 1 guieh idh horespees tloet he
space between the substrate and the first surface of the first el ement
during the éipesurldqufiar drte fkstnatier43:; Tred exposure net hod accordi ng
to claim42, further conprising stopping supply of the second liquid to
t he space betweer thejkidtstorelegrenta land, dthen sacornd edenenplutaring dhe
exposure for the substrate. 44. The exposure nethod according to claim42,
further conpliesieng sstiopQg e GoVEms tofe tdmerseconskd squi € ad 7dmégom t he

space between the first elenent and the second

plane and a second element which i1s second c¢losest to the

image plane with respect to the first element, wherein:

the first element has a first surface which is

arranged opposite to a surface of the substrate and through

which the exposure light beam passes, and a second surface

which is arranged opposite to the second element and

through which the exposure light beam passes;

a distance between the first surface and the second

surface of the first element on an optical axis of the

projection cptical system is greater tharn a distance

between the first surface of the first element and the

surface of the substrate on the optical axis of the

projection optical system; and

the exposure light beam is radiated ontoe the substrate

to expose the substrate through the first liguid between

the substrate and the first surface of the first element

and a second liguid between the second element and the

second surface of the first element.

35. The exposure apparatus according to claim 34,
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el ement during the exposure for the substrate. 45. A method for producing a
devi ce, conprising exposing a substrate in accordance with the exposure
method as defined in claim4l. 172

wherein:

the first ligquid immersion mechanism has a flat
portion which is formed opposite to the surface of the
substrate and which is substantially in parallel to the
surface of the substrate; and

the flat portion is arranged to surround an optical
path for the exposure light beam between the substrate and

the first surface of the first element.

36. The exposure apparatus according to claim 35,
wherein the first liguid immersicn mechanism includes a
plate which is arranged between the first element and the
substrate, and the plate has the flat portion and an

opening through which the exposure light beam passes.

37. The exposure apparatus according to any one of
claims 34 to 36, wherein a surface of the second element,
which is opposed to the first element, is smaller than the

second surface of the first element.

38. The exposure apparatus according to claim 37,
further comprising a second liguid immersion mechanism
which provides the second liquid to a space between the
first element and the second element independently from the

first liquid immersicn mechanism.
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39, The exposure apparatus according to claim 34 or
35, further comprising a second liguid immersion mechanism
which provides the second liguid to a space between the
first element and the second element independently from the

first liquid immersion mechanism.

40. The exposure apparatus according to claim 38 or
3%, wherein:

the first ligquid immersicn mechanism includes a supply
port for supplying the first liguid and a recovery port for
recovering the first liquid from a position above the
substrate, the supply port and the recovery port being
disposed in the vicinity of a space between the first
element and the substrate; and

the second liguid immersion mechanism includes a
supply port for supplying the second liquid, the supply
port being disposed in the vicinity of the space between

the first element and the second element.

41. An exposure method for exposing a substrate by
radiating an exposure light beam onto the substrate via a
liguid and a projection optical system including a first
element closest to an image plane and a second element
which is second closest to the image plane with respect to
the first element, wherein:

a first surface of the first element, which is opposed
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te the substrate, is smaller than a second surface of the
first element which is opposed to the second element; and

a surface of the second element, which is opposed to
the first element, is smaller than the second surface of
the first element, the exposure method comprising:

providing a first ligquid to a space between the
substrate and the first surface of the first element;

providing a second liguid to a space between the first
element and the seccond element; and

exposing the substrate by radiating the exposure light
beam ontc the substrate through the first ligquid and the

second liguid.

42. The exposure method according te claim 41,
further comprising supplying and recovering the first
liguid with respect to the space between the substrate and
the first surface of the first element during the exposure

for the substrate.

43. The exposure method accerding to claim 42,
further comprising stopping supply of the second ligquid to
the space between the first element and the second element

during the exposure for the substrate.

44, The exposure method according tc claim 42,

further comprising stopping recovery of the second liquid
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from the space between the first element and the second

element during the exposure for the substrate.

45. A method for producing a device, comprising

exposging a substrate in accordance with the exposure method

as defined in claim 41.
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