WO 2009/ 128554PCT/ 1132009/ 057817 1 DESCRI PTI ON EXPOSURE
APPARATUS, CLEANI NG METHOD, AND DEVI CE FABRI CATI NG 5METHOD BACKGROUND
The presentoroaventison rel ates to an exposure appar at uspthatzoempeaes a
substrate wi th exposure light that passes through a liquid, a

met hod of cleaning the exposure 10 appdratus, and a device
fabricating method. Priority is clainmed on U.S. Provisiona
Application No. 61/071,132, filed April 14, 2008, U.S. Provisional
Application No. 61/071, 416, filed ril 28, 2008, and U.S. Patent
Application filed April 9, 2009, CRIRTEN s of which are

i ncor porated herein by reference. 15Anong exposure apparatuses used

i n photolithography, one that is well known to those skilled in the
art is an i mersion exposure apparatus that exposes a substrate with
exposur e | i GRPOSHRE AJSATI U H (B IigiNIN G METHOD,AD DENIER FABRICATING
7,119,874 and U. S. Patent Application Publication No. 2006/0023185

di scl ose exanpl es of technol ogy rel MBEH@D an i nmersi on exposure
apparatus that conprises a liquid i mersion nmenber 20 capabl e of
holding a Iiquid between itself and a substrate. In an

i mrer si on exposure apparatus, it is possible that nmenbers that

contact the liquid will becone copperigradiedp For exanple, if foreign
matter adheres to the liquid contact surface of a menber that

contacts the |igyi Ereséﬂi‘ﬁﬂ/ehﬁo ﬁla&@&?é@x@g%@@&ppﬂﬁﬁ tfleﬁregt:&@s TRt &ite

wi || cause exposure fallures, such ts’in the pattern fornmed

on the subghy &tpgsurgﬁg}ﬁ‘%ﬂ p%é&%}wgﬁ] gliggh! Vﬁeﬂga bfASaniRHhE effosure

pr oduced.
10 apparatus, and a device fabncatmg method

Priority is claimed on U.S. Provisional Appli.caﬁon No. 61/071,132, filed April
14, 2008, U.S. Provisional Application No. 61/071,416, filed April 28, 2008, and U.S,
Patent Application filed April 9, 2009, the contents of which are incorporated herein by
reference. |

15 Among exposure apparat'ﬁsgs used in photolithqgraphy, one that is well known
to thosé skilled in the art is an immersion éxposure apparatus that exposes a substrate
with exposure light that passes through a liquid. U.S. Patent No. 7,119,874 and U.S.
Patent Application Publication Nﬁ. 2006/0023185 disclose examples of technology
related to an immersion exposure apparatus that comprises a liquid immersion member
20  capable of holding a liquid between itself and a substrate.

In an immersion exposﬁre apparatus, it is possible that members that contact the
liquid will become contaminated. For example, if foreign matter adheres to the liquid -
contact surface of a member that contacts the liquid, then it is possible that such foreign
matter will cause exposure failures, such as defects in the pattern formed on the substrate.

25  Asaresult, defective devices could be produced.



WO 2009/ 128554PCT/ JP2009/ 057817 2 An object of the present invention
is to provide an inmersion exposure apparatus that can prevent
exposur e fyap bdsvessfyr om occurring. Mther object of theppregsRMI0s7817
invention is to provide a cleaning nethod that can prevent exposure
failures fromoccurring. Yet another oBject of the present invention
is to provide a device fabricating 5 method that can prevent the
production of défeRbisehet @@Wé@g InveppmiRe provide an inymesion easposme
present invention provides an exposure apparatus that exposes

subst r at e aEPEIATUS 56 A rreYangptposwa failyzesdom edsnaingh Anotbrirhient ef 1h|eq ui d
and 10 conprises: an optical nmenber, which has an energent surface
wher ef r om presenisinpension é& ipgcmidmdcag:ég methdd thetcag pprykyt epposure fallimeh from
supplies the exposure liquid; a |liquid imersion nmenber, which is
capabl e ofockaringngYatanothuertgecoof thp acsers mveitiin iato prptide akdeyied fabnéatinh e
exposure light that energes fromthe optical nenber is filled with

t he ex[Fosunéthdd thai @i peeveRabO produi@idh\of fefedtive\dBvices. suppl i es a cl eani ng
liquid so as to contact the liquid 15 i mersi on nenber; and a
preventive apparatus, which prevents the cleaning liquid and the
optical nmenber from contacting one another. A second aspect of
the present invention provides a dexhggA@pricating nethod that
conprises: exposing a substrate using an exposure apparatus according

to the first aS&eﬁIst%keJtE LERGR invel &ﬁ&%ﬂesﬁ@{!%@%ﬁ%&: s pro\,, des

exposed substrate aspect o resent 1 nv
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member, which is capable of forming an immersion space so that an optical path of the
exposure light that emerges from the optical member is filled with the exposure liquid; a
second supply port, which supplies a cleaning liquid so as to contact the liquid

15 immersion member; and a preventive apparatus, which prevents the cleaning liquid and
the optical member from contacting one another.

A second aspect of the presenfc invention provides a device fabricating method
that comprises: exposing a substrate using an exposure apparatus according to the first
aspect of‘ the present invention; and developing the exposed substrate,

20 A third aspect of the present invention provides a method of cleanix_lg an
exposure apparatus that exposes a substrate with exposure light, which emerges from an
op;[ical member and passes through an exposure liquid, and comprises: disposing a
prescribed member so as fo oppose a liquid immersion member, which is capable of
foﬁning an immersion space, so that an optical path of the exposure light that emerges

25  from the optical member is filled with the exposure liquid; and supplying a cleaning



25 fromthe optical nenber is filled with the exposure |iquid; and
supplying a cleaning WD 2009/ 128554PCT/ JP2009/ 057817 3 liquid to a
space bet weenohgsskd qui d i nrersi on nenber and t he presecirheshsmaber ;
wherein, the cleaning liquid is supplied while the cleaning |iquid
and the optical nmenber are prevented frdom contacting one another. A
fourth aspect of the present invention provides a device fabricating
met hod 5 t haid fomipareketwees tha hquid immersion sagmber apshihe areseribedmentber;
exposes a substrate wi th exposure |ight that passes through an
exposur e | whereia, thaclennipg biad iy sugplindtwidle the eloaningliguidang thépptitabimpmber
of the present invention; exposing the substrate using the exposure
appar at us &t psventhdirolneantactipg e peothar ned; and.devel opi ng t he exposed
substrate. A fifth aspect of the present invention provides an
exposur e appar atAibutthaspetOofekpmseat avaitiohtpi@tidesw detice fipricating nietigdt

t hat passes through an exposure liquid and conprises: an opti cal
menber , 5 WhihetcolPis@n cledrin Of éxpbsiiré afRraniie wWaich @Rpdsbea Sbpeasvith bkittre
energes; a partitioning nmenber, which is disposed in the optical path
of the expesiiit hdsSdiithiBENREkpbife RIRHIHM a SidiRERBBY aRoRARSH Al thigd
menber; a first supply port, which supplies a first cleaning liquid
to a first ] i cal Lt 00
romber | andPa CECa R e ol Bl (RE NGk Gind F Aot sRRabhrkIPL A

liquid to ﬁegﬁ%‘gﬁgis%ﬁg&%?%ﬁe%@%%%?er%#)g{eﬁ%%agenber and t he

prescri bed nmem e present invention

provi des a devi cgesfabricat.i,ng _nethod t.hat copprises:. exposin
SUbst rate s ng A LREEEGE IeapREP AR A BB ARG ECHE PN Wdpeot
of the, present inventjon:. and devel gpi ng the exposed substr.gte, 20A
sevent 1 astoBtes GPueTTate JPILEROST b 1% A5 UDIHER S5 xRS HE A9 84 eani ng
an exposure apparatus.that exposes a substrate with exposure light,
whi ch ener GEYIEeSH AR apficgmerben Yaish Bas angmergant 3irfase wberepyiheexpaze
conprises the.steps of: disposing a partitioning nmenber between the
optical nelightEmenges; 4 PRREOBINE Fegnbep Yigh is dispercd irmdie aptiqal gath ef thani ng
liquid to a space between the partitioning nmenber and the optical
menber; 25expasirslighlbyiwegn thesmergedt siri@emantdp prespuibed members p ficst sunplyewth
the partitioning nenber and

which supplies a first cleaning liquid to a first space between the optical member and the

15  partitioning member; and a second supply port, which supplies a second cleaning liquid

to a second space between the partitioning member and the prescribed member.

A sixth aspect of the present invention provides a device fabricating method that
comprises: exposing a substrate using an exposure apparatus according to the fifth aspect
of the present invention; and developing the exposed substrate.

20 A seventh aspect of the present invention provides a method of cleaning an
exposure apparatus that exposes a substrate with exposure light, which emerges from an
optical member, via an exposure liquid and comprises the steps of: disposing a
partitioning member between the optical member and a prescribed member; supplying a

first cleaning liquid to a space between the partitioning member and the optical member;

25  and supplying a second cleaning liquid to a space between the partitioning member and



4 the prescribed nenber. An ei ghth aspect of the present

i nvention provides a device fabricating nethod that conprises the
steps of : vwed eanmizgsan exposure apparatus, whi ch exposepciplbsiseate
wi th exposure |ight that passes through an exposure liquid, with a

cl eaning method 5 according to the sevdanth aspect of the present

i nvention; exposing the substrate using the exposure apparatus after
t he cl eani%P!%ch@gﬂmP@H; and devel opi ng the exposed substrate.
According to sone aspects of the present invention, exposure failures
can be prevent ed\n ¢ighth dstiect afithe pressot invengion provides aslsyiee fabricdting meethod
present invention, it is also 10 possible to prevent the production
of def ect i thet chenprisesshe steps of: clghnmgradienposhie apparetua,syasich sxpobestarsabgtrates ent
i nvention, exposure failures can be prevented. In addition, according
to sone aswitkéxposiire lipkt thatpased thrcigh ah expbsudeliguid; odth atcleaning imefieddect | ve
devi ces can be prevented. 15BRI EF DESCRI PTI ON OF THE DRAW NGS

FIG1 is %c&@rﬂﬁ@&éﬂfés%éﬁ%asﬁéo@gfﬂ@f&éﬂéh 115RAMEN; CRELsEEANP 1D s@dte Bding the

exposure apparatus according to a first enbodi nent. - FIG21i1s a
plan view airs iipaldhdlfesthe SRaARgisPe BRI SIFMveRpRYmASHREAI Ng O
the first fg(frlr)godi rrenta. ZOEI G 3 isgg%gi de cross schi gnal vi ew t hat
shows thedﬁlﬂg&t&f ate stage and the neasurenent stage according to the
fast enbodinent. FIG 4 is a side cross sectional viewthat is .
parallel to the Y h i CLni of | Lquid | [Sion
menber accor di ng* ct% %I_H{r%gg]s @g@gﬁﬁ%ﬁgﬁ ?n? quﬁt}’on, ex&sffykgﬁsscmggesi de
cross sectional viewthat is parallel to the Z plane and sho 25
Che vi or i svegled; et oliiHedp soime bt Scobt Brefe el & T
enbodi

nt. . . . .
erE possible to prevent the production of defective devices.
According to some aspects of the present invention, exposure failures can be
prevented. In addition, according to some aspects of the present invention, the

production of defective devices can be prevented.

15 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic block diagram that shows one example of an exposure
apparatus according to a first embodiment. |
FIG. 2 is a plan view of a substrate stage and a measurement stage according to
the first embodiment.
20 FIG. 3 is a side cross sectional view that shows the substrate stage and the
measurement stage according to the first embodiment.
FIG. 4 is a side cross sectional view that is parallel to the YZ plane and shows
the vicinity of a liquid immersion member according to the ﬁ_rst embodiment.
FIG. 5 is a side cross sectional view that is parallel to the XZ plane and shows

25  the vicinity of the liquid immersion member according to the first embodiment,



5 FIG6 is a partial, broken, schematic oblique view that
shows the liquid i mersion nmenber according to the first enbodi nent.
FIG 7 is apabbhgeg view that shows the |iquid inmersi earieiiheis7st7
according to the first enbodi nent, viewed fromthe | ower side. 5FIG 8
Is a schematic drawi ng that shows one @gxanple of a cleaning nethod

according to the first enbodinent. KG9 is a schematic
drawi ng that sh&¥g toae pestighprakenfschematiclobhgieniewrhdwwadksligiidg to a
first enmbodi nent. FIG 10 is a diagramthat shows one

danpl e of imnpresemenber mppdingtethe fdstambodidieny t o a second enbodi nent .
FI G 11A presents diagrammatic views that show one exanple of the
preventi ve appafFis.Usisan obliqhe wipw thaoshbivs the lignddddirmeesién member ackdring 18
presents diagrammatic views that show one exanple of the preventive
appar at us tacfiRt ethb@itent; iewtdfro tenioadt sl@nt . 15FI G 12 is a di agram
that shows one exanple of the preventive apparatus according to a

fourthsenbodi megiG. gk Psdi@niafic BraWiftithadBhbWabn 10T cRAARR nfetitld @
liquid imersion nmenber. FIG 14 is a diagramthat shows one exanple

of a l'iquid.dB% "tégx‘é'}irﬁ%ﬁﬁ%hneﬁ{.c; 15 is a diagramthat shows one
exanpl e of a 1 quid imersion nmenber.

FIG. 9 is a schematic drawing that shows one example of the cleaning method
according to a first embodiment. .
FIG ld is a diagram that showé one e)ia;nple ofa preven’.cive apparatus
10 according to a second embodiment.
FIG. 11A presents diagrammatic views that show one example of the preventive
apparatus according to a third embodiment.
FIG. 11B presents diagrammatic views that show one example of the preventive
apparatus according to the third embodiment.
15 FIG. 12 ié a diagram that shows one example of the preventive apparatus
according to a fourth embodiment.
FIG. 13 is a diagram that shows one example of a liquid immersion member.
FIG. 14 is a diagram that shows one example of a liquid immersion member.
FIG. 15 is a diagram that shows one example of a liquid immersion member.
20 FIG. 16 is a diagram that shows one example of a liquid immersion member.
FIG. 17 is a diagram that shows one example of the exposure apparatus
according to a fifth embodiment.
FIG. 18 is a side cross sectional view that is parailel to the YZ plane and shows
the vicinity of a liquid immersion member according to the sixth embodiment.

25 FIG. 19 is a side cross sectional view that is parallel to the XZ plane and shows



20FIG 16 is a diagramthat shows one exanple of a liquid inmersion
menber. FIG 17 is a diagramthat shows one exanple of the exposure

appar at us vagsfnaisagy to a fifth enbodi ment. FI G 18cicSpaosista 7
cross sectional viewthat is parallel to the YZ plane and shows the

vicinity of a liquid imrersion nenber &ccording to the sixth

enbodi nent. 25FI G 19 is a side cross sectional view that is parallel
to the Xz hezisinityed thedisinid imporsion sembessamdng iethecitingnbadimentt he
vicinity of the liquid i mrersion menber according to the sixth

embodi ment . FIGR0Gs 2 paitigl, bropem, tstheimatib obligne, vieve thethdbivs thetiquigie vi ew
that shows the liquid i mersion nmenber according to the sixth

enbodi nment immersion membéi d8c@dingso de sbdth elgbedimew t hat shows the liquid

i mrersi on menber according to 5 the 'sixth enbodi nent, viewed fromthe

| oner si de. FIGP1Gs ZR0bliua viehBimhows the dghidGmbrdeasdiorSh ember@B@rding to
exanpl e of a cleaning nmethod according to the sixth enbodi nent.

FIG 23 3 s e Sigtheioldindtt, aNdvitd ftdadiheIOWMSiRNe exanpl e of the cleaning
met hod according to the sixth enbodinment. 10FIG 24 is a schematic

drawi ng that shey§ 9nga rRMRiCAANif hiShNShe BEAPH 26 RGP GheliRat he

si xth enbodi nent .
according to the sixth embodiment.

FIG. 23 is a schematic drawing that shows one example of the cleaning method
according to the sixth embodiment.
10 FIG 24 is a. schematic drawing that shows one example of a cleaning method
according to the sixth embodiment.
FIG. 25A includes views that show one example of the exposure apparatus
according to a seventh embodiment,
FIG. 25B includes views that show one example of the exposure apparatus
15 according to the seventh embodiment. |
FIG. 26 is a diagram that shows one example of the exposure apparatus |
according to an eighth embodiment.

FIG. 27 is a flow chart for explaining one example of a process of fabricating a

microdevice.
20
DESCRIPTION OF THE REFERENCE SYMBOLS
1 Substrate stage
2 Measurement stage
4 Liquid immersion member

25 19 Last optical element



FI G 25A i ncl udes views that show one exanple of the exposure
apparatus according to a seventh enbodinent. FIG 25B i ncl udes vi ews

t hat showvapeyexaasy e of the exposure apparatus 15 acceg@ipmodséihe
seventh enbodinent. FIG 26 is a diagramthat shows one exanple of the

exposure apparatus according to an eighth enbodi nent. FIG 27 is
a flow chart for_ explaining one exanple of a process of fabricating a
m cro devi¥ke 20 Homsgmt prfacsl OF THE REFERENCE SYMBOLS 1Substrate stage
Measur enent stage 4Liquid i mrersi on menber 2519Last optical el ement

7 20Ener gedltt surlfossesurface

23 Second plate part
24 Opening
5 26 Upper side space

28 Lower side space
33 Flat surface
41 First supply port
42 Second supply 1ﬁort

10 47 Liquid recovery port
53 Preventive apparatus
70 Cover member
71 Holding apparatus
77 Fluid curtain

15 DP Dummy subsﬁate
EL Exposure light
EX Exposure apparatus
LC  Cleaning liquid
LQ Exposure liquid

20 P Substrate

DESCRIPTION OF EMBODIMENTS
The following text explains the embodiments of the present invention
referencing the drawings, but the present invention is not limited thereto. The

25  explanation below defines an XYZ orthogonal coordinate system, and the positional



21Lower surface 23Second plate part 240pening 5 26Upper side space
28Lower side space 33Fl at surface 41First supply port 42Second supply

port 10 4%Lpeaswdzdsecovery port 53Preventive apparatus peeo¥ahGREber
71Hol di ng apparatus 77Fluid curtain 15 DPDummy substrate ELExposure

i ght 8 |

relationships among members are explained referencing this system. Prescribed
directions within the horizontal plane are the X axial directions, directions orthogonal to
the X axial directions in the horizontal plane are the Y axial directions, and directions
orthogonal to the X axial directions and the Y axial directions (i.e., the vertical
5  directions) are the Z axial directions. In addition, the rotational. (inclined) directions
around the X, Y, and Z axes are the 86X, 0Y, an& 0Z directions, respectively.
<First Embodiment>
A first embodiment will now be explained. FIG. 1 is a schematic block
diagram that shows one example of an exposure apparatus EX according to the first
10 embodirhent. The exposure apparatus EX of the present embodiment is an immersion
exposure apparatus that exposes a substrate P with exposure light EL that passes through
an exposure liquid LQ. In the present embodiment, the exposure apparatus EX
comprises first supply ports 41, which supply the expolsure liquid LQ. The exposure
* apparatus EX exposes the substrate P with the exposure light EL that passes through the
15  exposure liquid LQ, which is supplied via the first Sl;pply ports 41. In the present
embodiment, water (pure water) is used as the exi.aosure liquid LQ. Furthermore, in the
explanation below, the exposure liquid LQ is discretionarily called the first liquid LQ.
In ﬁddition, in the present embodiment, members i;lside the exposure apparatus
EX are cleaned with a cleaning liquid LC (not shown in FIG. 1). The exposure
20  apparatus EX cclnmpn'scs seéond supply ports 42, which supply the cleaning liquid LC.
The exposure apparatus EX cleans the members inside the exposure apparatus EX with
the cleaning liquid LC, which is supplied via the second supply ports 42. Furthermore,
in the explanation below, the cleaning liquid LC is discretionarily called the second
liquid LC.

25 The second liquid LC is a liquid capable of cleaning the members inside the



EXExposure apparatus LCC eaning liquid LQExposure liquid 20
PSubst rat e DESCRI PTI ON OF EMBCODI MENTS The fol |l owi ng text explains the

enbodi mentygo edossifu@spr esent i nvention referenci ng the dpawp@eoosbst
the present invention is not limted thereto. The 25 expl anation

bel ow defines an XYZ orthogonal coordi fate system and the positional
8 rel ati onshi ps anon pbers are explai ned referencing.this system
Prescri beoemp%%%%npawguw hi ﬂietSﬁ%Oq#ceWM ] a1§9|capﬁé>?ea9féhf%aﬁxg£%ﬁ@rl
directions, directions ort ho(g}onal to the X axial directions in the
hor i zont almgites feontaminanty that adhesg todhe memberp insidg fap exppuke apparatus EX. . In
orthogonal to the X axial directions and the Y axial directions
(i.e., thethgprepint anbatimertcan dkalj cleaning liguidithatdoataingiatkalitseynsas theisecond
addition, the rotational (inclined) directions around the X, Y, and Z
axes are tlmidXC. Ofhe akai Dandhig leptid mnledes; fos peabple,aimmondd:i rldding the
Enbodi ment> A first enbodinment will now be explained. FIG 1 is a
schematd ¢ dikabicHeaning liquid as the second liquid LC makes it possible to satisfactorily eliminate
contaminants, such as organic substances, that adhere to the members inside the exposure
apparatus EX.
The present embodiment explains an exemplary case wherein the exposure
apparatus EX is an exposure apparatus that comprises a substrate stage 1, which is
10. capable of holding and moving the substrate P, and a measurement stage 2, which does
not hold the substrate P, that is capable of moving measuring instruments C, which can
- be mounted on the measurement stage 2 and can perform exposure-related prescribed
measurements, as disclosed in, for example, U.S. Patent No. 6,897,963 and European
Patent Application Publication No. 1713113.
15 In FIG. 1, the exposure apparatus EX comprises: a movable mask stage 3 that
holds a mask M; the substrate stage 1; the measurement stage 2; an illumination system
IL that illuminates the mask M with the exposure light EL; a projection optical system PL
that projects an image of a pattern of the mask M, which is illuminated by the exposure
light EL, onto the substrate P; a liquid immersion member 4,' which is capable of forming
20  an immersion space LS so that at least part of the optical path of the exposure light EL is
filled with the first liquid LQ; and a control apparatus 5 that controls the operation of the
entire exposure apparatus EX.
The mask M may be, for example, a reticle wherein a device pattern is formed

that is projected onto the substrate P. The mask M may be, for example, a light

25  transmissive mask wherein a light shielding film made 6f chrome and the like is used to



di agram t hat shows one exanpl e of an exposure apparatus EX according
to the first 10 enbodi nent. The exposure apparatus EX of the present
enbodi mentwo SoedmzgssPTEr SI ON exposur e apparat us that expesesrRuvns7817
substrate P with exposure light EL that passes through an exposure
liquid LQ In the present enbodi nent, the exposure apparatus EX
conprises first supply ports 41, which supply the exposure liquid LQ
The expos UOED &pEseabedatxn on gdwBsparemEPlgishsich 45 a glsyplaty. t Rethsrpersuthe

| ight EL that passes through the 15 exposure liquid LQ which is
suppl i ed naskiYandyialtemadvghpbe/a refeetivednask) nThewbpiratsB it suhisots foent |
water (pure water) is used as the exposure liquid LQ Furthernore, in
t he expl an@biictingdéoews. t Tiee sthgodalP eothpripgs d bhd® maeritl fcg.o4 seoneomidiigtor
called the first liquid LQ In addition, in the present

enbodi mentwafei slshras aisthisol eafef)end ¥ phstosansitipp filma thas isESmasdehat@an e t h
a cleaning liquid LC (not shown in FIG 1). The exposure 20 apparatus

EX congr i semtdsetand fimaPhiddsal ghotbdensiMvie bt st Qihvtok e apatditihnl th e d
LC. The exposure apparatus EX cleans the nmenbers inside the exposure

appar at us dgbtodbrdsitive HmCihe Sistake Py iMlcikfe a Vpaehe filh. S ¥BPLLAGI iR the
second supply ports 42. Furthernoré, 1 n the explanation below, the
| . L aui . . . p . g C
25The. aconi kb BefleRh Shareitih KuEDl » Biydcie BEE ABSopd ARk

inside th tggsﬁ%c%%gog&ggﬁg%moog/ 057817 9 exposure apparatus EX

The second T qui i'S al'so capable of elimnating foreign matter
(cont am nant s) at., adhere to the.menbers inside e.exposure .

hopar atus B 1 1oF HLBRHCR sy tesh 5 TR whroS Sy INGHEERR Fgh Ruvidn
t hat caontajns al kal.i rves.as the _second liquid LC,  The, alkali

cl eanifly | aﬁﬁPaSWﬁi's‘aﬁE‘glsv ﬂ%ﬁ&nﬁw& ot s Iltsgrf%gtsrﬂr@us% e

cleaning liquid_as the second liquid LC nakes it pgssible to

sati sf act dHipipatien sysiva |& iHwRinates atdpast parkofthe mas fnosedsin et ances,
that adhere to the nenbers inside the exposure apparatus EX The
present eriBwaington regiop|[Rivith thyrexpeaurp lightEls adich/lire papifomhlamingys flux e
apparatus EX is an exposure apparatus that conprises a substrate
stage 1, vihfepdityidistribution. Examples of light that can be used as the exposure light EL

emitted from the illumination system IL include: deep ultraviolet (DUV) light such as a

15  bright line (g-line, h-line, or i-line) light emitted from, for example, a mercury lamp and
KrF excimer laser light (with a2 wavelength of 248 nm); and vacuum ultraviolet (VUV)
light such as ArF excimer laser light (with a wavelength of 193 nm) and F, laser light
(with a wavelength of 157 nm). . In the present embodiment, ArF excimer laser light,
which is ultraviolet light (vacuum ultraviolet light), is used as the exposure light EL.

20 The mask stage 3 comprises a mask holding part 6 that releasably holds the
mask M. In the present embodiment, the mask holding part 6 holds the mask M so that
.a patterned surface (lower surface) of the mask M is substantially paratlel with the XY
plane. In the state wherein it holds the mask M, the mask stage 3 is capable of moving
within an XY plane that includes the illumination region IR. fn the present embodiment,

25  the operation of a first drive system 7, which includes actuators such as linear motors,



10 capabl e of hol ding and noving the substrate P, and a neasurenent
stage 2, which does not hold the substrate P, that is capable of

novi ng nmeageltdonvinsssst runents C, which can be nounted onctberewns7si7
measur enent stage 2 and can perform exposure-rel ated prescribed
measurenents, as disclosed in, for exaiple, U S. Patent No. 6,897,963
and European Patent Application_ Publication No., 1713113. 15In FIG 1,

t he exposuPevesphematk dagey ip Gupr ditcetionsytheal aitleY aridlk aad 84 direptiopst

holds a mask M the substrate stage 1; the neasurenent stage 2; an

i |l umination sydhlemrinterferameter Byt hainterferhmeienssistem Sunepsurdséhapgsisionr e
light EL; a projection optical systemPL that projects an inmage of a
pattern ofofithemasksitage]3 (whaslcM)i sThe lasariinterfardmbtyr §A ercespardhe positiogphisingl ,
onto the substrate P; a liquid i nmrersion nenber 4, which is capable
of for m ngeflécting miroe3R, wiiclsppeevided t6 thetodk sage B.c aBisef an theaheablrement
optical path of .the exposure light EL is filled with the first liquid

LQ and a reqiMsbdthcdfppintdrfesorbetérn BN, 1eadhiréll sppiri®s GR6fARS1E R pasitiéh6f the

entire exposure apparatus EX ~ The mask M may be, for exanple,
a reticle Wagrnai Whieh SHelTy Bkl SagdeSs, bobpBahidd Bt fitst dRYOBekEd ont o
the substrate P. The mask M may be,” for” exanple, a |ight "25

transm ssive ma | s i i i
the I Tke 1 8¢ used s GRitRof oficel SRlentl Buidiihe cioBuiREoE S METERB

g T e e L

Fur t her nor'e U ernati vel _

conpr | ses Tl TR ot 85 fe Gk e M sk By o gt ol F 85
ili f d haqt it fidlmthat | | d . Th
2 bhot e BT T HistTE ShBeT ot e it B IRy AR PREf1 S hofds the

(photoresigt), In addition to_ the photosensitive fil t he, substrate
P may inc mlralicy of ea*aﬁ%ﬂsmpvtﬁ of &JF@FOJ@%&%P%‘E?‘l eSS [Uriaetmpdwpneal
include an antireflection filmor a protective film (topcoat film

t hat pr ot e¥ttemifeofthpsscanembodjmentiis anedugiion;systemitha hasohpraigstionm | L

illumnates a prescribed illumnation region IRwth 10 the exposure
| i ght EL, ingfteatio of fayerroplm 14 houd/8f | Gnrthenmerss theyprejeedionjoptical on.
The illum nation systemIL illum nates at |east part of the mask M

di sposed ispsteind’Li thayatsonbe 4 ity reggndicatibh syisteim ¢rten calapgrmentsyisteght Ticthe
whi ch has a uniform | um nous fl ux
15  present embodiment, an optical axis AX of the projection optical system PL is parallel to
the Z axis. In addition, the projection optical system PL may be a dioptric system that
does not include catoptric elements, a catoptric system that does not include dioptric
elements, or a catadioptric system that includes both catoptric and dioptric elements. In
addition, the projection optical system PL masr form either an inverted or an erect image.-
20 * The substrate stage 1 and the measurement stage 2 are each capable of moving
on a guide surface 11 of a base member 10. In the present embc.)diment, the guide
surface 11 is substantially parallel to the XY plane.
ﬁ the state wherein it holds the substrate P, the substrate stage 1 is capable of

moving along the guide surface 11 within an XY plane that includes the projection region

25 PR. Inthe state wherein at least one of the measuring instruments C is mounted thereon,



intensity distribution. Exanples of light that can be used as the

exposure light EL emtted fromthe illum nation systemIL include:
deep ul tr avo odeetizss€UV) | i ght such as a 15bright |ine (geriurmoodazdizne,
or i-line) light emtted from for exanple, a mercury |lanp and KrF
exci mer | aser Iight (wth a wavel engt hIdf 248 nm; and vacuum
ultraviolet (VUV) ht such as ArF excimer |aser |i- with a
wavel engt h Plewse stggRi2 rapaplest moing alpng the gaid wa é pyithisy the 56
nm. In the present enbodi ment, ArF excirner |aser |i which is

ul t r avi ol eplane thattinglydes therprojestionsegipePR| | friby present gmb la@n!t the opsigbieir e
| ight EL. 20The mask stage 3 conprises a mask holding part 6 that

r el easabl yofrageetmdtdniare mystdm A2, which indludesasbmtorsmiblpds Iimsmat motonzy myvskthe

hol di ng part 6 holds the mask M so that a patterned surface (| ower
surface) odubstiate stagekl dvdite medsatearht sthde\? inaixaditeetionst thh X, Yeand\Z ptiaine.

In the state wherein it holds the mask M the mask stage 3 is capable
of noving ditectiorns agd th$ 03D IBANadtdradirectigisides the il lum nation region '
IR In the present enbodi ment, 25 the operation of a first drive

system 7, whi chphife (S)%ieﬁt AoHBAE Qhe%lﬁ.ﬁm%of'thé‘ﬁl%{ecﬁ&i gﬁtﬁzal sy¥en PL and
2009/ 128554PCT/JP20 /057817 11 noves the mask stage in three

di rect i onsthe fiARd ¥nAisfin memitF 4ake suBfidntiy HxEEC tTl-B@ﬁbstrate stagte ﬁéﬂh%?ﬁe r

i nterferoneter 8A of the |nterferone ter System 8 measures

position- ta ter.
measur es O‘%e positio ué?ﬁ%&rm(é ect a%@ﬁ%ﬁ@%ﬁéﬁmﬁﬁg{?e 8% %Jﬁgt@nt o]
the mask st th measurerre 5, results of the | aser

i nt erferor‘rt;Jf’t%gg1 %’&eg? e co% ufd ap l%{?lg? elrcAf)nt rols the position of

ZIP?ve stvl em\MY1I C ffd H‘t%?t%@ f%?g'g’ﬂ?%r bﬁ%g%ﬁ%%‘ég tﬂt&ggsmons o

exposure |ight EL to the res r|b pro ection region . The
proj ect i orpfg%tsi %Hatesit%ﬁ “%?'B’ﬁt E’tfﬁea&'-'fﬁ?’égftﬁtﬂ%@f theragasmng,
magni fi catjion an immage of the attern of the mask Mto at | east part
of the instruments C). ~ The laser mterferometer 8B measures both the position of the substrate
stage 1 using reflecting mirror 1R, which is provided thereto, and the position of the
measurement stage 2 using reflecting mirror 2R, which is provided thereto . In addition,
15  afocus and level detection system (not shown) detects the position (in the Z axial, 6X,
and @Y directions) of a front surface of the substrate P, which is held by the substrate
stage 1. The focus and level detection system is capable of detecting not only the
position of the front surface of the substrate P, but also the positions of an upper surface
13 of the substrate stage 1 and an upper surface 14 of the measurement stage 2. Based
20  on the measurement results of the laser interferometers 8B and the detection results of the
focus and level detection system, the control apparatus 5 operates the second drive
system 12 to control the positions of the substrate P, which is held by the substrate stage
1, and the measuring instruments C; which are mounted to the measurement stage 2.

FIG. 2 is a plan view from above of the substrate stage 1 and the measurement

25  stage 2; furthermore, FIG. 3 is a side cross sectional view thereof. In FIG 2 and FIG. 3,



10 substrate P, which is disposed in the projection region PR A |l ens
barrel 9 holds the plurality of optical elenents of the projection
optical swsbeswitksssiThe projection optical system PL of prlgrnoseesit
enbodi ment is a reduction systemthat has a projection magnification
of, for exanple, 1/4, 1/5, or 1/8. Furihernore, the projection
optical 'system PL may al so he a unit nification system or_ an

enl ar genmenthesyhsiatsstag lﬁﬁ@msaﬁ@@gﬁ% lgﬁigw%}ﬁqﬂ rgjgaspbly holdsithe Ax
of the projection optical systemPL is parallel to the Z axis. In
addi tion, %ubstraie Bj el syhstenis hadding pyrs L & apmisesvayl hpldds g refic syrface of thest em
that does not include catoptric elenents, a catoptric systemthat
does not i swbstmate Pdi Byt upper sukfaeret® of thosubstrate stagh bistdisposed ystusdithehat

i ncl udes both catoptric and dioptric elenents. I1n addition, the

pr oj ect i onsubptrate hdldmyg phe 15 PLTIvespbsteaterhaddinp @art af holdy the selshtrate Paso thatelod

i mge. 20The substrate stage 1 and the neasurenent stage 2 are each
capabl &5 of from\suifaceahereofgsisubstaitiallly pagilldilio dlie Xylpame. nRrthepreddt | n the
present enbodi nent, the guide surface 11 is substantially parallel to

the XY pl agfibodiment, the frohtsukiB® Tt RIbWRRE BivihitH is RO B thRbsikRSEdIdhe P,
the substrate stage 1 is capable of noving along the guide surface 11

within an 13%rﬁ,aﬁ@mta,mﬁﬁerismaﬁqg%fmg%uwﬂ%q% SB5ERAY pRRilell N1f D

e
state wherein at |east one of the neasuring’ nstruments I's nount ed

t her eon, m?t?OQOQ{ ﬂg&@%ﬁﬁ%{%ﬁ@@%ﬁ?@@ 268 ée e SRATHL B Qﬁﬂ%ﬁ %]@gﬁ,gz

is capabl e of nbving a e surface 11 wthin the

that | ncl uges, i REQEECLEOR. Led) OB R bR DS AL SRent. ciBodlent

5
t he operation of a secC rive Sy m I nc acf'“uat ors

h | ! TOV. h trat t d. t .
oo e B R e 5 B Eh B o o i on
directions %5}% the OX, 0Y, and OZ directions. In the present

enmbodi ment & D- positions of the projection optical systemPL and the
liquid inmersion menber 4 are substantially fixed. The substrate

stage 1 and t he IpEisqusssnismibodimegb the subsiie dage beanmisesh plats asmbesf,
moving with respect to the 1§r ojbect ion optical systemPL and the
li qui d i mwhish ixdispepaskaroupd thombsteateP, and aelat ereholdeme part k& avhich is
interferoneter system 8 measures the positions of the substrate stage
1 (the subdispoaedarPyndzthelsithivmaterboldinggpasrit asd sgjeasably hélds tre akate inemgber T.
instrunments C). The laser interferoneter 8B neasures both the
posi titn oThd plate snelosber ldléing part 16 opposes and holds the lower surface of the plate
member T.  In the explanation below, the substrate holding part 15 is discretionarily
called the first holding part 15, and the plate member holding part 16 is discretionarily
called the second holding part 16.
The plate member T has an opening TH in which the substrate P is capable of
20  beingdisposed. The plate member T held by the second holding part 16 is disposed
around the substrate P, which is held by the first holding part 15. In the present
embodiment, the upper surface 13 of the substrate stage 1 includes the upper surface of
the plate member T held by the second holding part 16.

In the present embodiment, the inner surface (inner side edge) of the opening

25  TH of the plate member T held by the second holding part 16 and the outer surface (outer



stage 1 using reflecting mrror 1R, which is provided thereto, and
the position of the nmeasurenment stage 2 using reflecting mrror 2R
whi ch i s previdessishereto. In addition, 15 a focus andptemeloonsisi7
detection system (not shown) detects the position (in the Z axial,

OX, and OY directions) of a front surfikce of the substrate P, which
is held by.the su rate stage 1. The foc¢ys and | eve| detection
systemis ¥ %@bfsalﬁe ﬂ'i?ﬁ%aé‘f ?ﬁa‘dﬁaﬂh%ﬁﬁw@% Pt} g disppsedise thef thay
surface of the substrate P, but_also the positions of an upper .
surface 13°RBPSenE anefhen With arwscibed gaminterasediihprebetsigen. a clhe pacondl helding
measur enent stage 2. Based 20 on the neasurenent results of the | aser
i nt er f er orpartelbiodis thgplatetiecneher €50 thehtheappértsurfade 1316 thedats membet Bisel
detection system the control apparatus 5 operates the second drive
syst em 12 substgiially phrall¢ido fesXY plans dh atditios ulrstecatdhoRling\parc b6 haldswhe d
by the substrate stage 1, and the neasuring instrunents C, which are
mount ed t gplithmembasT se thatithe sy @uiPace B Gf th2 ple mebarT Midhe fivasushey e
of the substrate stage 1 and the nmeasurenent 25 stage 2; furthernore,
FIG 3 is afshekabfasB hela ol il fakt holans pAre1Rat sulstinfihlfy Sudrdtidie 3, WO
2009/ 128554PCT/ JP2009/ 057817 13 the substrate stage 1 conprises a
substrate gkl ng part 15, which rel easably holds the substrate P.
The substrate hol ding part 15 opposes and holds a rear surface of the

substrate P. Th?hﬁ BRe ﬁ%lgﬂlrlgtft%gqf‘g"o d e sE&ﬁdiU@?é ;%&216?&%8&)11%%& at }e st

di sposed around the su di'ng part trate holding
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hol di ng par,tgég:, and the_ upper, surface 13 of the substrate stage 1
are 10 di SYOSBIHBLYANT T ictys cipasee b the v hokTeripee 1, SouNdle ar e
substantially flush with one another). . In the present
enbodi mentPlurality of prosruding pads hjs and @ ifweffirst syrtiqneposts 198y wiich aisi ch
i s disposed around the substrate P, and a plate nmenber hol di ng part
16, whi ch previdediip thesfarst chndluswifach &7 insids of e dirst olrclimigreptialwalbl Sdyahd are
rel easably holds the plate nenber T. :

. 15 capable of suctioning gas. The second holding part 16 comprises: a second

circumferential wall 16A, which is formed in a second chuck surface 18 of the substrate
stage 1 around the first circumferential wall 15A; a third circumferential wall 16C, whi;h
is formed in the second chuck surface 18 around the second circumferential wall 164;a
plurality of protruding parts 16P, which are formed in the second chuck surface 18

20  between the second circumferential wall 16A and the third circumfereritial wall 16C and
support the lower surface of the plate member T; and a plurality of second suction ports
16B, which are provided in the second chuck surface 18 between the second
circumferential wall 16A and the third circumferential wall 16C and are capable of
suctioning gas. |

25 The rear surface of the substrate P is chucked to the protruding parts 15P by



15 The pl ate nenber hol ding part 16 opposes and hol ds the | ower
surface of the plate menber T. In the explanation below, the

substrat e wob@bmgpsfpart 15 is discretionarily called thectipmbydiediei ng
part 15, and the plate nenber holding part 16 is discretionarily

call ed the second holding part 16. Thelyl ate nenber T has an opening
TH in which the substrate P _is capable of 20 being disposed. The

pl at e menbetionipg Vi the figshaucor bt 138 tiemgs indg paceeenclosef] kyibe eagr surtagad
the substrate P, which is held by the first holding part 15. In the
present endidlg subsirate PHke tuspeircumigréntizbwald 164, anddhesfitssehugk surfrcadd, 1

i ncl udes the upper surface of the plate nenber T held by the second
hol di ng paht¢relneghtivalprepruaiging theespheedi beadditidohby stoppeng twstaioa (i nner
si de edge) of the opening 25 TH of the plate nenber T held by the
second holaperagiop@ahtrektiha fiekt bilvtion Pbrey 1 5PLUrE asd, the viiletrate\Wan be dechucked
2009/ 128554PCT/ JP2009/ 057817 14 side edge) of the substrate P held by

the first fhahdieTsttdldindfartl® Ao the 3Gwdriaifade e YheqNRL SRIMBET is
another with a prescribed gap interposed therebetwen. The second

hol di ng pathbickkf 16 HeGrottditmgHatth ?6?@}@:%&0&11@9?% tmagecbn&%d&eﬁboém‘aa 13

of the plate nenber 'T is substantially parallel to the XY plane. In
ddi tion, o i T

fhat the (RRct® FaPhARLEbDBe BRI shifecd SR el ket DIBIIE { T ace
f th ) hg. fii | di 1

0 e Sch?rFl;J/.rﬁﬁ?% Snﬁl\&lﬂ? h@)(, tﬁe Eurd'c%«?ﬁmfépengélnwgamgé ands ‘Eh%rrs]egcload chuck

substanti all. ‘one anot her. Irs ng part 15

and the secand .hol.di art 16 each.caopstitute at,.Jeast part of a

o cnl ) od SHTRce R R aR et eS8 REIRS ety ey PPngdhe ng
part- 10conprises: a.pluralit f protrudi ng parts. 15P, which_are
ol e e etion mBietf rerind rbes poriic CBLAE Wese e plelsgBombe1efan

support the rear surface of the substrate P; a first circunferenti al
wal | 15A, Bseetcked fapm theseeondholdivg pary L chuck surface 17 around the
plurality of protruding parts 15P;, and a plurality of first suction
ports 15B, whi cAhemeaswremantiatagg heampises the meanior instnmgate C whichsane of
the first circunferential wall 15A and are 15 capabl e of suctioning
gas. The gedomacinsswicnglaisd meadigerpenyr iThe sneasuringduntmeints CLmeba dier al
wal I 16A, which is forned in a second chuck surface 18 of the

subst r at e estmaple, heamnougnohembers {optissl paits)c ulid the prdsedlembalimehf) A;slioplataiCid
circunferential wall 16C, which is forned in the second chuck surface
18 ar agnd wheeeis et ojeshing facterifiefopntd througBWhichoRe exposure light EL can be

transmitted, is disposed at a prescribed position in the upper surface 14 of the
measurement stage 2 and serves as one of the measuring instruments (measuring
membei‘s) C. The slit plate C1 constitutes paft of an aerial image measuring system, -
which can measure an aerial image formed by the projection optical system PL, as

20 disclo_sed in, for example, U.S. Patent Application Publication No. 2002/0041377. The
aerial image measuring system comprises the slit plate C1 and a light receiving device
that receives the exposure light EL via the opening pattern of the slit plate C1. The
control apparatus 5 radiates the exposure light EL to the slit plate C1 and, using the light
receiving device to receive the exposure light EL that passes through the opening pattern

25  ofthe slit plate C1, measures the image forming characteristics of the projection optical



plurality of protruding parts 16P, which are forned in the second
chuck surface 18 20 between the second circunferential wall 16A and
t he thirdywd sewdsesential wall 16C and support the | owsgerSbbuhaEes19f
the plate nenber T, and a plurality of second suction ports 16B,
whi ch are provided in the second chuckigéurface 18 between the second
circunferential_wall 16A and the third circunferential wall 16C and
are capabl¥stem Hyctioning gas. 25The rear surface of the substrate P
is chucked to the protruding parts 15P by WO
2009/ 128554 PCT/ JPabiigyro 87 gpper pBitest; twhereimg fransimdsstvegpafiérn s¢ fosmet thorugh
ports 15B, the gas in a space enclosed by the rear surface of the
subst r at e Which the ekposste lght EL ndfrebetnnsmbttodais|dishbskd atmpretdribed positioncihukok
surface 17, thereby negatively pressurizing the space. In addition,
by st oppi ngpehrfaceCl4 affthomessatant wher2dnd sehes 49 dndthesofahd PBagadhss 158
are used, the substrate P can be dechucked 5 fromthe first hol ding
part 1% Hh&ﬁﬂeﬁ@,(nﬁ%ﬁh%hﬂnb‘éﬁﬁ Cacgh@fipfed plaltl @ &nBMIRS barl of Slugtissised
to the protruding parts 16P by suctioning, via the second suction
ports 16B,fiNee j Yaled auer c .t
plate nenggr Tf t ébgg%gﬁgﬁg?}cunfg?%ﬂ??gwﬁ€§V# 16£P§%ﬁ%ﬁfﬁrgﬁwrﬂﬁm
Clp cunt e Sbicths M buehSy oAREoLiagy S BEANGL GRURKOSHH A6 Padfipid DAL 0Y
f a n addi by s opang f

negatively pressurizing this space. tion, e 10

suction o QN inAth sucti.on ports l16B are use t he
ol 'at e ment NG IS C e R RS b Rt B Y R Sem
The neasur enent age 2 co i ses. the neasuri.ng instruments C, which
Can pert o RRERHS L SRPEPAEaY A RLirarY D8 dra MRS i Pe
C may he, for anpl e, asuring nenbers (optical parts).. In th

pr esen‘t% eﬁ{ggaﬁﬁﬁmngasa“ﬁ%lmhﬁpae@% 'P%rremgﬁ%meawa@%i Agesetiddrn is
formed through which the exposure |ight EL can be transmtted, is

di sposed’ #PPHatys & greasusesthe panunifgymitsofithelumipas flay intensity ofjths expasure
measurenent stage 2 and serves as one of the neasuring instrunments
(neasuri ng}lgh’e%gy tadiating hecexppsure hghi £& tothecuppet plate Cagng using the light

aeri‘al inmage neasuring system which can neasure an aerial inmage
f or med by redesvipg dgjviseitd maseyp thecaposysiightERIthat passes through the opening pattern

of the upper plate C2.

15 . F urtherrnore,. the upper plate C2 may constitute part of either a measuring

| system that can measure the amount of fluctuation in the transmittance of the exposure

light EL of the projection optical system PL (e.g., as disclosed in U.S. Patent No.
6,721,039), an irradiaﬁce measuring system, namely, a luminous flux intensity measuring
system (e.g., as disclosed in U.S. Patent Application Publication No. 2002/0061469), or a

20  measuring system, such as a wavefront aberration measuring system, that can measure
the exposure energy of the exposure light EL (e.g., as disclosed in European Patent
Application Publication No. 1079223). In this case, the exposure apparatus EX
comprises a light receiving device that constitutes part of such a measuring system.

In addition, a fiducial plate C3 is disposed at a prescribed.position in the upper

25  surface 14 of the measurement stage 2 and serves as yet another of the measuring



20 disclosed in, for exanple, U S. Patent Application Publication No.
2002/ 0041377. The aerial image neasuring system conprises the slit
plate C avola@mohisgdt recei ving device that receives theceNpRsuses17
light EL via the opening pattern of the slit plate CI. The control
apparatus 5 radi ates the exposure |ight7EL to the slit plate O and,
using the light receiving device to_receive the exposure, light EL
that passecESTHRSERHCAHENS ReAHSE) fat Lb¢ Advagmlatee3 bas g H@rcs&l &agly, which
measures the image form ng characteristics of the projection optical
WO 2009/ 128 58amey yrphdd irpageadignment{FEdyperalignment systemp fe.gela disadesed im
upper plate C2, wherein a transm ssive pattern is formed through

whi ch t he ©XpBafemtdNd. PJAB,463). can be transnitted, is disposed at a
prescri bed position in the upper surface 14 of the neasurenent stage
2 and serves as Imadlitier, amwfippch plated@4 wiroungh whish hghteat be {ramsadtied] i3g
menbers) C. The upper plate C2 constitutes part of a | um nous fl ux
intensisty disposed 4t @prestiibedgasition ioths yppee Burtdtatl4 ofthe MRASIHERerdt BRge 2 and
nonuni formty of the lumnous flux intensity of the exposure |ight
EL, as di sghesesydtBuothéiof E%aRRk@ingUnSnunRatsqieadifing theffbersP68. THEEpper

| um nous flux intensity nonuniformty neasuring system conprises the

upper pl at at@%tl%ﬁgstﬁutlz&ﬁ?ﬂof%ﬁ%ﬁéeﬂdﬁgngﬁﬁén?,‘?\whim%%gba'i)?ectﬁ‘icéﬁ?cérhﬁ

exposure I0 |ight EL that passes through the openi'ng patternof the

upper platge.Ca. s COr rat : ' .-ty of
PPe"T i nopieAm R e b forSRRALE! 48 pi ARGR HEER WA AW mOLELAY,
exposure | . L. Rl.ate and ing.the .light.recei.ving
dovi e to it fibtafisdRs bisfodiin Eira MILEdobliiph BfiRET
openi p of .t he upper plate C2.. 15Furthernore, the.upper plate
&° ey teondeTithe P peabREn Rfh ompss B pres bR iR e e sy, o
the anount of fluctuation in the transmttance of the exposure |ight
EL of the PPYFBERPRIFRILPPE a“%’ir%%“é"ﬁ?%t’% Cgptures mages ﬁm&@dﬁ? vppef gate
Patent No. 6,721,039), an irradi ance neasuring system nanely, a

| um nous f¢4ix TBSCEMEN EYPasRES Y FANGYCSANsimags PE cyisingdhe winstplate Kff tp9PR9sS,
Pat ent Application_Publication No. 2002/0061469), or a 20 neasuring
system siitherthe projgstiert priiee! sypferyT: ordhe hedd impergionyraneher 41 91dothe an

neasure

In the present embodiment, the upper surface of the slit plate C1, the upper
15  surface of the upper plate C2, the upper surface of the fiducial plate C3, the upper surface
of the upper plate C4, and the upper surface 14 of the measurement stage 2 are disposed
within substantially the same plane (the XY plane); namely, they are substantially flush
with one another. |
The following text explains the liquid immersion member 4, referencing FIG 4
20  through FIG. 7. FIG 4 is a side cross sectional view pa_rallel to the YZ plane that shows
the vicinity of the liquid immersion member 4; FIG. 5 is a side cross sectional view
parallel to the XZ plane; FIG. 6 is a partially broken schematic oblique view that shows
the liquid immersion member 4; and FIG. 7 is an oblique view from the lower side (-Z
side) that shows the liquid immersion member 4. FIG. 4 a;ld FIG. 5 show states wherein

25  the substrate P is exposed through the first liquid LQ.



t he exposure energy of the exposure light EL (e.g., as disclosed in
Eur opean Patent Application Publication No. 1079223). In this case,

t he exposuyeappases us EX conprises a light receiving gevisgoddsad7
constitutes part of such a neasuring system In addition, a fiducial

plate C3 is disposed at a prescribed psition in the upper 25 surface
14 of the neasur nt,  stage .2 and serves as_yet another of the
measuring WO 2 nflﬂmswewrumb@ﬁcfmﬂae irmprsion,sparsdSssothat aklgpst ng
menbers) C. The fiducial plate C3 has a fiducial mark, which is
measur ed Haripitheontichliragecishs eppane light EA)is fijlpd with ithprfirstrliquid is@.e nThe
(e.g., as disclosed in U S. Patent No. 5,493,403). In addition, an
upper pl ation@4sion spageibh isvhpartion (spave oc argalubattis filshwith §idyidi s 5 di sposed
at a prescribed position in the upper surface 14 of the neasurenent ‘
stage 2 and ser \Tks ligsidyiminessioi hanbea# it fieparedinithé niginity i thertmsn bptical
(measuring nmenbers) C. The upper plate C4 constitutes part of an

obser vat i ailersont 1 e vhivhisahe bicslafaiineohe pRpdlity bI6ptiasl chiphdneadf theage
(image) of, for exanple, the projection optical systemPL and the

liquid i mppeistin JPEERRYstdm PE.-that is ASsestits HeQRBgk plAnddiRPFRRHSH Gitcal
Appl i cat imc?r?\ JPubI idgt [ ozs No. 10 ’ZILS791§'64). eThgg%%servat [ %ﬁﬁé:;st(gﬂr%n

conpri ses _s&&&n‘ﬂpewﬁ'l&l Spt&%l Adflert 9 h%n%%&' %Jdg‘%e ?ﬁ%{ RHS) 20 that

(observation canera), which captures Images r he upper “plate
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optical element 19 is filled with the first liquid LQ.

The last optical element 19 is formed from, for example, synthetic quartz.
Furthermore, the last optical clement 19 may be formed from fluorite. The liquid
immersion member 4 is formed from, for example, titanium. Furthermore, the liquid

15 immersion member 4 may be formed from stainless steel.

The liquid immersion member 4 forms the immersion space LS so that the
optical path of the exposure light EL between the last optical element 19 and a prescribed
member, which is disposed at the irradiation position of the exposure light EL that
emerges from the emergent surface 20, is filled with the first liquid LQ. In the present

20  embodiment, thé irradiation position (irradiation area) of the exposure light EL that
emerges from the emergent surface 20 includ;as both the projection region PR of the
projection optical system PL and a position that opposes the emergent surface 20. In the
explanation below, the irradiation position of the exposure light EL that emerges from the

emergent surface 20 is discretionarily called the exposure position.

25 The liquid immersion member 4 has-a lower surface 21, which is disposed



of the upper plate C4, and the upper surface 14 of the measurenent
stage 2 are disposed within substantially the sanme plane (the XY
pl ane) ; naehosendshkay are substantially flush wth one apeiiPRivsIe
followi ng text explains the |liquid imersion nenber 4, referencing
FIG4 20 through FIG7. FIG4 is a sid® cross sectional view parall el
to the YZ plane, that shows the vicinity of the liquid_ inmersion
menber 4: Fpegdshe epticalpatipofithe eposwe dighil thet expressteom e emsraepksupdace
plane; FIG6 is a partially broken schematic oblique view that shows
the | i qui d20 andds eapabic pEhalding she Griliquidd.Q betveamiteshi angiike fromwutfacsof thee
| ower side (-Z side) that shows the liquid i nmersion nenber 4. FIG 4
and FI G Sprefeobedshernber divpesediah iRSixhesus fusitiont elnPhé pressop embaetiimnbmtptigh
the first liquid LQ 18 The liquid inrersion nenber 4 forns
t he i mer spreseriBabraembds tis it dapablabf dgasing feremetdent duefacp20 Balsopapddbleods
the exposure light EL is filled with the first liquid LQ The
I mrer sison ¢ppasieg thldveer dwiivetl1 0N WiRaAREf 6t s@:Ra bf the Ptestbedirhdnitsbr ¥ t h
liquid. The liquid i mrersion nmenber 4 is disposed in the vicinity of
the |ast ofgoscdat @ pBtiBsEAtwHiSh it%;%c%@s e ehB@eRRIIrERI20eh 8RN arOf thdre
plurality of optical elements of the projection optical systemPL
that is cl i i | £6H L&Al
1BWESurth® %lh"Zﬁd éﬁn%%(t?nt%hﬁ ]L%a P thel fr&scRbL fz&ﬁw?ze % ; ?\)}EB%E

PL. The |l ast optica S an ‘energent sur owe
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ot he. pr o iseiab ke fo AIRRE KB Eed (I} prEterb BYAEHLk: ppb e RO
liquidi [SI 0

mh 4 can .form the . rrsion, 10 s e S, hat
the optica e%’aa% G the® %I%%rggrll}rsgﬁfyieg tOfEL%gthealnéF ggt raghﬁ}eﬂgo ttast

optical. .elenent .19 is filled with th iLst..liguid P The
Bst 9§ R os i prSssybrd SrmPiiin oG e 3t il  iione phen e
quartz. Furthernore, the | ast. optical elenent, 19 nmay be fo d from
fluorite. Li??\’%‘ ﬁ‘i‘ﬁ% of thrdliqut W“ﬁ?ﬁ’&@lmefi“bleé“F‘H*‘i‘ég"?z%’ﬁgac‘?‘b{rt{‘r‘gxanpl e,
titanium Furthernore, the liquid 15 inmersion nmenber 4 may be forned
from st ai riressBbagkaember are °PP°Sﬁ%hﬂﬂe ifirs diquid; Lireandtedsldin hrespace thereheiweere
i mrer si on space LS so that the optical path of the exposure light EL
bet ween t Héoldiag thedisstiliguid leQ dbatveen g emerent rfaec?( addheriomisesurfaghzboni s
di sposed at the irradiation position of the exposure |ight EL that
ener ges f rapesidhendetie figehsurfaoe 6ftbe pSsribied nfeidberech the pthet side forms thel i qui d
LQ In the present

15 immersion space LS so that the optical path of the exposure light EL between the

emergent surface 20 of the last optical element 19 and the front surface of the prescribed
member is filled with the first liquid LQ. |
In the present embodiment, the prescribed member that can oppose the emergent
surface 20 and the lower surface 21 comprises both a member that can move with respect
20  to the last optical element 19 and ﬂme liquid immersion member 4 on the emergent side
(image plane side) of the last optical element 19 and a member that can move with
respect to the optical path of the exposure light EL within a prescribed plane that includes
the exposure position. In the present embodiment, the prescribed member comprises
either the substrate stage 1 or the measurement stage 2, or both. In addition, the -

25  prescribed member comprises either the substrate P, which is held by the substrate stage



20 enbodi nent, the irradiation position (irradiation area) of the
exposure light EL that energes fromthe energent surface 20 includes
both the mpyop@ohisasy regi on PR of the projection opticalpcsysiesii;and
a position that opposes the energent surface 20. In the explanation
bel ow, the irradiation position of the(exposure |light EL that energes
fromthe energent surface 20 is discretionarily called the exposure
posi tion. BSTHE measyring ipsirments $n Whithree moupfgd tothe Bigasuresmant sege 22 o1

whi ch is disposed WD 2009/ 128554PCTOP2009/ 057817 19 around the
optical pdth.of the exposure light EL that energes fromthe emergent
surface 20 and is capable of holding the first liquid LQ between
itself and the WimntthsmbbteateP,ofhitthis hplddsydhe dubstraiesthgerl, ik tobo sepbsed, t he
exposure position. In the present enbodi nent, the prescribed nenber
that is.capabhibstratt Papdigisebat ticexpoRirg poritichib it & opPodes thelisooptiphbl e
of 5 opposing the | ower surface 21. Wien the front surface of the

pr escr isbe ¢k e9 ahdbthe 1i§EHA SNMeRiondmERBdri4l O TheimMbrsioh spdce PBROfRSed,RE
energent surface 20, at |least part of the | ower surface 21 and the

front surfla&eatahe A6 tHBB%alcTed ETBIRG0s&! By E&l@ﬂ%% firWRAid NG bEAREFENT

surface 20 and the front surface of the prescribed nmenber oppose one

anot her, t ST fehygg i f }E}ﬂ?}

opti cal elttei‘Fer{ent 1Sall§n tﬁfeb%drag}rlfﬁﬂ)@gﬁ%?%%% 0 teﬁgogl;olelés%g? ed hrember
hol d t ' iLaui d. . it | 1
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of the lig I mrer sion ne

prescri bed. nepgber are, oppos he first, Ligujd LQ.can. hel d.in the

space t herebetWelif TE "gﬁgﬁegﬁf ?ifetﬁ? ﬁ?ts(fpnfxfl(?if’lr%nk% ﬁ@}\ﬁ@gﬁtﬁhﬁgﬂw@% nt

surfaé% 2 nd the | ower surface 21 on one side and the front surface
pr '

of th ri bed nenber on the other side forms the 15 inmersion
space LS so that T;ge opt i c%l path of the exposure |ight EL between
the energent sut® Hearesent smbpdiment, whep fiejsubirats Figbripe irpdigted witkther ont
surface of the prescribed menper -is filled with the first liquid LQ
In the pr&Spopureligh BlotatmmerionspeesdsS ip &emed 5o that parkel teeareanpigbe Eotthe
energent surface 20 and the | ower surface 21 conprises both a nmenber
t hat can rsusfecoifithe subgyséeck that includes the projection region PR of the projection optical

system PL is covered wiih the first liquid LQ. Namely, at least part of an interface (i.e.,
15  ameniscus or an edge) LG of the first liquid LQ is formed between the lower surface 21
of the liquid immersioﬁ member 4 and the front surfage of the substrate P. Namely, the
exposure apparatus EX of the present embodiment adopts a local liquid immersion
system.
Furthermore, to simplify the explanation, the following text explains an
20  exemplary state wherein the. substrate P is disposed at a position at which it opposes the
emergent surface 20 of the last optical element 19 and the lower surface 21 of the liquid
immersion member 4.
As shown in FIG. 4 through FIG. 7, the liquid immersion member 4 is an annular
member (a shaped annular member). The liquid immersion member 4 is disposed

25  around the optical path of the exposure light EL. In the present embodiment, the liquid



20 to the last optical elenment 19 and the liquid i mersion nenber 4
on the energent side (inmage plane side) of the |ast optical elenent
19 and a rmmybhwy/dsBat can nove with respect to the opti eakaPabdnsafizt he
exposure light EL within a prescribed plane that includes the
exposure position. In the present enmbdli nent, the prescribed nenber
conprises either the substrate stage 1 or the nmeasurenent stage 2, or
bot h. | n -dEMergnmember Seprprisecs finsbplatenat 22, whinh s diposedaronsd the last
substrate P, which is held by the substrate stage WO

2009/ 128553wHecat/clampnb b9, 08¢ 8 secopdplate port 28has leastpaut ¢ivehichnis disnessd betwesn
whi ch are nmounted to the neasurenent stage 2, or both. \Wen the

subst r at e thy emprigent sidade0@f the lash eptinabelemerttd 9sind e fignt igface ofithe
exposed, the substrate P is disposed at the exposure position so that
It opposesubdtmtd Bt the Ataxmbdirdstiedsenent 19 and the |iquid i nmrersion
menber 4. The i mersion space LS is forned, at least at the time the
substrate P is thefest pkpased? Hay adnel di@uinfigerdtial sirfacé thdi 6bpotsiagd ween
the |l ast optical elenment 19 and the liquid imersion nenber 4 on one

si de and tihen&iHIGe i itdr cREunkBRnBAIREH act o thelBst bPAdal blBReRABI CThe RALN
of the exposure light EL that emerges fromthe energent surface 20 of
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In the present enbodi nent, trate Pi1s being iIr
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I ncl udes t.he proj.ecti region PR of the projection optical systemPL
is covere htem%ﬁegdttﬁgte#ewg ol quid LQ Nanely, at |least part of an

interface (i.e.,..15 a menj sc r an edge),,LG of the first liquid |Q
i's forted bet wedh® t9fan rpd&%}?%%@ ‘ﬂ‘f“%ﬁ)zflﬁlé‘t?? Td QEISHE Ffrer
4 and the front surface of the suybstra P. Nanely, the exposure
appar at us t%keslﬁf&eﬁgowftg %m?rgaﬁﬁwgq%éﬂp}ﬁaéﬁ gptacal Pementi 19 gan pess through
| mer si on system

thg opening 24. For example, during an exposure of the substrate P, the exposure light

EL that emerges from the emergent surface 20 pas'ses' through the opening 24 and is
radiated through the first liquid LQ to the front surface of the substrate P.  In the present
15  embodiment, the cross sectional shape of the exposure light EL in the opening 24 is
substantially rectangular (slit shaped) with tﬁe longitudinal directions in the X axial
directions. Iﬁ accordance with the cross sectional shape of the exposure light EL, the
opening 24 is formed in a substantially rectangular shape (a slit shape) in the X and Y
directions. In addition, the cross sé:ctional shape of the exposure light EL in the opening
20 24 and the shape of the projection region PR of the projection optical system PL on the
substrate P are substantially the same.
In the present embodiment, the quuid immersion member 4 has an upper surface
25 that is disposed around the opening 24 _and opposes the emergent surface 20 of the last
optical element 19 with a prescribed gap interposed therebetween. In the present

25 cmbodiment, the upper surface 25 includes the upper surface of the second plate part 23.



Furthernore, to sinplify the explanation, the follow ng text explains
an 20 exenplary state wherein the substrate P is disposed at a

posi tion &0 wbalssidt opposes the energent surface 20 okctherbagtisiy
optical elenment 19 and the | ower surface 21 of the liquid imersion
menber 4. As shown in FIG 4 through FI2Z7, the liquid inmersion:
menber 4 is an annul menber (a shaped annuj ar menber). , The |IC]UI d
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exposure light EL. In the present enbodinment, the liquid WD

2009/ 12855hpemeninEdtio; Thy sprer surfacara isubsiantieis erralieldo srX ¥ elae: f Thest
plate part 22, which is disposed around the |ast optical elenent 19,
and a secomgersusfaee Pafaces2Fpacet 26 anctbe uppsr sido(thevhy side) of thé sppogg@4.

bet ween the emergent surface 20 of the last optical elenment 19 and

t he front Burshaee6ahcludes aspizstbetteen Beiuppérnserizced?di anl tht eneergend marfack Zhe
first plate part 22 has an inner circunferential surface that opposes
and i s 5f orlnelt edplangticibelu, die PhceCOt disetiomabilysdalled e uppertshie shawi26.
optical element 19. The inner circunferential surface of the liquid

| mer si on Fekbeiord, tRdehpe h@rﬁdé%nﬁ%b@ﬂﬁﬁﬁé&éﬂdﬂiﬂeﬁéﬂﬁlﬁﬁ@e of the |ast
optical elenment 19 oppose one another with a prescribed gap
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square. ‘ The porous member 27 is plate shaped and has a plurality of holes {openings or
pores). Furthermore, the porous member 27 is a mesh filter, which is a porous member
wherein numerous small holes are formed as a mesh. Inthe presént embodiment, the
shape of the porous member 27 within the XY plane is a rectangular ring. The porous
15 member 27 is made of titanium. Furthermore, the porous member 27 may be made of
stainless steel.
The lower surface 21 of the liquid immersion member 4 comprises: a first area
31, which is disposed around the opening 24; a second area 32, which is disposed around
the first area 31; and a third area 33, which is disposed around the second area 32. In
20  the present embodiment, _the lower surface of the second plate part 23 comprises the first
area 31 and the second area 32, and the lower surface of the porous member 27
comprises the th1rd area 33.
The first area 31 is a flat surface that is disposed around the opening 24. The
flat surface (first area) 31 is substantially parallel to the front surface of the substrate P

25 - (the XY plane). The flat surface 31 faces a space 28 on the lower side (+Z side) of the



substantially rectangular (slit shaped) with the | ongitudinal
directions in the X axial directions. In accordance with the cross
secti onal whapennsss4 he exposure |ight EL, the opening 2éruswbousn®md in
a substantially rectangul ar shape (a slit shape) in the X and Y
directions. In addition, the cross sect}onal shape of the exposure
light EL in the gpenjng 20,24 and the shape o he proj.ectign region
PRof the PRBECH oﬁﬁ%%@%%ézmg@@?seanﬁpﬁie bt Suie T eng g ot
substantially the sane. In the present enbodinent, the liquid
i mer si on of the spbstraip Py pHesrspags ehiwesnabe fl3) surifes 34 jand e depng pustage of
the opening 24 and_opposes the energent surface 20 of the | ast

optical el @psyhstratg Pip eapable of belding teefingblinuihtQ@r pbuibe exlencipe belewrtbe | n
the present 25 enbodi nent, the upper surface 25 includes the upper
surface of spatre28ie disottiphagilyecablad thed@wer si spa@dB8128554PCT/ JP20091057817
22 In the present enbodi ment, the upper surface 25 is a flat surface
that i $ di sposethascoomihartd3? logp argrowye 29, whikk isujigesedsansindaie 24 sinface 31.
substantially parallel to the XY plane. The upper surface 25 faces a
space 26 o thégresepp@nbaiient(thbchape osthd@roovt 26 RethiBaXYplak is Ihe space
26 includes a space between the upper surface 25 and the energent
surface 20ectangulartring. €xpl anati on bel ow, the space 26 is

di scretionarily called the upper side space 26. Furthernore, the

upper surface 25Ea%rdiRe8CHEMEL QlquitirelNRKPRrBEE HAGE capable of rebdFerin
| ower surface 21 of the liquid imersion nmeénber 4 I ncludes the | ower

surface ofyfff Slﬁﬁférbges@htaetn?ogﬁﬂﬁéntﬁget dFe'ESvér?X\ﬁfacégﬁjfr@&(%a)‘z’% i§ porous

menber 27, I'ch i's “di sposed ar ou e second plate part In the-
prese e I t er nal I [ rface t he
Cecond i LB IR parhli e HelPourite SR SRl s et DEng e
porous nenber 27 | | at d.and has a.pluyrality of,.holes
Copent nge BPoss ek iedrtn BARDFeid e sie fl fisabtbidor eyciins fre
filter, which.is. a porous, nenber wherein nynerous snmall hgles are .
formed as Sﬂwﬂ fo ﬁnﬁhresub?t@éfeﬁfha&m’aaﬂ?sr%ﬁam FREO A ELa5E 33-h eThsdiais
menber 27 within the XY plane is a rectaqular ring. The porous 15
menber 27 FOVERGRIase 13 ingludesthe lower st plthe perausmember Afe nihd feastsomgy
be made of stainless steel. The | ower surface 21 of the liquid
i mrer si on ekt liquibhRrondleassubgirate P.svhielt is dispased wha position af whisbsed
around the opening 24; a second area 32, which is disposed around the
first Idreaorposes shrediquid tecovdryaefacess, isvecaverddsialhal grod dlt roransmolenttes 27.
second area 32. In
The liquid recovery surface 33 is capable of recovering any liquid that contacts it (i.e.,
the iower surface of the porous member 27).
In the present embodiment, the flat surface 31 and the liquid recovery surface 33
are disposed at different positions in the Z axial directions. In the present embodiment,
20  the liquid recovery surface 33 is disposed on the +Z side of the flat surface 31. Namely,
the liquid recovery surface 33 is disposed at a position at which it is further from the
front surface of the substrate P than the flat surface 31 is. In the present embodiment, a
step 30 is formed between the flat surface 31 and the liquid recovery surface 33.
Furthermore, the flat surface 31 and the liquid recovery surface 33 may be

25  disposed in the same plane. In addition, the liquid recovery surface 33 does not have to



20 the present enbodinent, the | ower surface of the second plate part
23 conprises the first area 31 and the second area 32, and the | ower

surface ofwd bh@opmeus nenber 27 conprises the third arear3ddoodfzesty
first area 31 is a flat surface that is disposed around the opening
24. The flat surface (first area) 31 i3 substantially parallel to the

front surface th trate P 25 (the XY_plane). The flat surface
31 faces abesFiﬁ’éag l?ﬁ%%qﬁﬁ@ela& yi’Fagm{VﬂiS‘gf%&) of the WO

2009/ 128554PCT/ JP2009/.057817 23 opening 24. The space 28 includes a
space between t H&efiagid immersienamembes fompasesfpisurrly pares o whidghsupply
substrate P. The space between the flat surface 31 and the front
surface ofthe Fest Hawd L at dn pddidors ghedisid igtmeangiprimemberrecdmprises sependi d LQ
In the explanation bel ow, the space 28 is discretionarily called the
| ower si desupplapert982, vBiltheare eapable of gl 3@ tha secand tiguid d.C29 Thedirst kugpdy
di sposed around the flat surface 31. In the present enbodi nent, the
shape df tpoetsdi amvepfe vi subplyinghlee ¥t lduedEQite the opecil patyf die axpouire
The third area 33 includes a liquid recovery surface that is capable

of recoverlighgEL] qUhélsechitl supplypoas sNire kb (ﬁ%ﬁﬁpl?rﬁlﬁ €hd se€piiddiquRIAAY 8§ Y
surface (third area) 33 is 10 substantially parallel to the front

surface ofthithecontiRithdlidiPintrh&SioeRibere) . During the exposure of the
substrate P, the liquid recovery surface 33 is capabl e of recovering

the first liqui %b@:@&ﬁphﬁp&gmt&@&i%oﬁ’e&aa&r OFRPortids did iﬂbhgm

recovery surface 33. The liquid recovery surface 3371 ncludes t
| ower surf ' f I st
| qui d LQ e tepid SRR S ufE> TREhe freserfrr b Blen B subily gt are
which it 1 g recovery surf.ace 3 is recovered via-
hol es 1c()’f tﬁ%%gegf%é‘s’é Q?glr%eer ?ge.’ oﬁﬁiée ?‘}é‘&isap Il’lgc?g]\}%%zy surface 33 is
capabl e of recoxeri.ng any liquid that contacts it (ji.e.,. the | r
surface of the éﬁ? g‘ffgs ﬁb@rg%'})a?e (HSposedel Ylﬁ@%f’&%ﬁ?ﬁ‘@ﬁrﬂ%}ap%t ,
the flat surface,31 and the | iquid recovery. surface 33 are di sposed
at differ e?’fPosb‘&lilﬁilt 5hat prescrived posiigna o @F?@%@il@ﬁgﬁm%mﬁﬁaer&rseéwhw
enbodi ment, 20 the |iquid recovery surface 33 is disposed on the +Z
side of tHacerthaepticalpalee In the npsent qubodisaent,ithe fiest supplimorty 48 grerdigpescds
is disposed at a position at which it is further fromthe front
surface ofat prescribedd positions iptherianer einauifergntial gpifaceef g first plateparh22.  In
present enbodinent, a step 30 is formed between the flat surface 31
and t Hé | itheprdsanterobmiimersythé ficst s@Ply penistdih eradismsed inghé Vieinity of thaopps 1
and the liquid recovery surface 33 may be
side space 26.  The first supply ports 41 are capable of supplying the first liquid LQ to
the upper side space 26. In the present embodiment, the first supply ports 41 are
provided on opposite sides (one on each side) of the optical path of the exposure light EL
in the Y axial directions.

20 The second supply ports 42 are disposed at prescribed positions in the lower
surface 21 of the liquid immersion member 4. In the present embodiment, the second
supply ports 42 are disposed outward from the flat surface 31 with respect to the opening
24. The second supply ports 42 are disposed at least partly around the flat surface 31.

In the present embodiment, the second supply ports 42 are disposed in the second area 32

25  of the lower surface 21 of the liquid immersion member 4.



25 di sposed in the sane plane. In addition, the liquid recovery
surface 33 does not have to WD 2009/ 128554PCT/ JP2009/ 057817 24 be
paral | el twop blagn26¥s4pl ane and may be a curved surface. PpEeybIoGHAIsTs17

i mrersi on menber 4 conprises first supply ports 41, which supply the
first liquid LQ In addition, the liqguXd inmrersion nenber 4 conprises
second supply ports 42, which are capable of supplying the second
liquid LC. The fipthetpresgpfismpodimsat,ithe seqongysippls pams &2 e disapssdyn g t he
first liquid LQto the optical path.of the exposure |ight EL. The
second - supgbgredr t dsshovr in gpamdihelike iphieprasept embodiawph thd securidd LC
so that it contacts the liquid inmersion nenber 4. The first
suppl y porsupplg pods 42 gieslppsd at fous positions ttvand tstiladptrfacaBl al thagriovd 99.
than the second supply ports 42 are. In the present enbodi nent, the
first supply powsshédnm ar FIGLE, the Apospdlyglony ¢1 arrtohieetetfo sh eeposiin: lighid

second supply ports 42. _ The first supply ports 41 are disposed
in thesvi Gupply pgdrathidied ﬁ@ﬁh@&éeuﬁgﬁ 3. of In ke xRS FIH HR]d v, B exBbsudd liquid
prescri bed positions in the liquid i mersion nmenber 4 so that they
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ports 41 are di sposed at ‘prescribed positions in e i nner
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respect to the opening 24. The second supply ports 42 are di sposed at

| east par t4lyhrepghithg passagervays 45 r Fhedistzupply poxiyrdl pwpplydhe fshboud Bent |

the second supply ports 42 are disposed in the second area 32 25 of
the | ower fenm thadiest3upply appacatis 4futp the apiieal pathrof therdxposuge light EL.

The second supply ports 42 are connected to a cleaning liquid supply apparatus

15 46 via passageways 45. In the explanation below, the cleaning liquid supply apparatus
46 is discretionarily called the second supply apparatus 46. The second supply |
apparatus 46 is capable of feeding the second liquid LC. Each passageway 45
comprises a supply passageway, which is formed inside the liquid immersion member 4,
and a passageway, which is formed from a supply pipe that connects the supply

20  passageway and the second supply apparatus 46. The second liquid LC fed from the
second supply apparatus 46 is supplied to the second supply ports 42 through the
passageways 45. The second supply ports 42 are capable of supplying the second liquid
LC from the second supply apparatus 46 to a space between the lower surface 21 c;f the
liquid immersion member 4 and the front surface of the prescribed member that opposes

25  the lower surface 21. The space between the lower surface 21 of the liquid immersion



WO 2009/ 128554PCTOP2009/ 057817 25 In the present enbodi nent, the
second supply ports 42 are disposed in the groove 29. As shown in FIG
7 and t hewa kme/1dsksat he present enbodi nent, the second supppiodaerdis 42
are di sposed at four positions around the flat surface 31 in the
groove 29. As shown in FIG 4, the firsl6 supply ports 41 are connected
to an exposure liquid 5 supply apparatus 44 via, passageways 43. In
the expl arfBembss 4586 8, ﬁftﬂﬁéﬂf&@ﬁ&éﬁl@@rwaﬁﬁd@%pwlué ¢ JaVies sidlg spage
discretionarily called the first supply apparatus 44. The first
supply app¥ratus 44 is capable of feeding the first liquid LQ which
is pure and tenperature adjusted. Each passageway 43.conprises a

suppl y passagewdythewrdseit eimbofiorent; thei pasiadewaysd S chmenndedt northe Sirgtsupmyrber
4, and a passageway, which is fornmed froma 10 supply pipe that
connect s tdpparstuppé yiadmkiggasmyeveayd 60.heTlid pastagewppldy aap ferlaking 44. The -
first liquid LQfed fromthe first supply apparatus 44 is supplied to
the firsst msgapeways@0afe chhnédidoigh pissfehas seichimp/iBechdnisthiil, ivhicht
supply ports 41 supply the first liquid LQfromthe first supply
appar at us iffdude, foPéxaaipld, adklve Rtcbhaisnt. N ein IR CerhBdithenElby chifolsigg ONd

supply ports 42 are connected to a cleaning liquid supply apparatus

15 46 via : j ing
Ui A sunm o APE s 4R e B BOR e PilatE 1 g et
suppl y appakrat: ' '
Foodi g RNChHE it Ehanfeof BEARALS ALY SBNEE Sl ACeecEnd BRRTLE R
passageway,. . which i s forned L,aside the,liquid i rSi nenber 4
D a s agols bR ek eBRIFRS 4O T 6 s pisPl s PRSI R i,
suppl v, .20 passageway, and 1 he secaond suppl aratus._46. The secon
e o e B AR R b B e R Bt PO RO Bl el GRS
second supply ports 42 through th assage s 45., €. Seco supply
ports 42 dfdeFapagrweyst éiﬁS?ﬂPfr‘iLn”ﬁSP supplahntiret ainlﬁfﬂérqm Haﬁr}frﬁéupp y
second supply apparatus 46 to a space between the | ower_ surface 21 of
the i qui PP3FAms 44 inthersseped supplyerie e trpegh the passagewapt 42 iRdhgstescr i bed
menber that opposes 25 the |ower surface 21. The space between the
| ower sur feheeein thesppain ef e gerond ligwe L&) foem thaecond supply apparatus 46 to the
2009/ 128554PCT/ JP2009/ 057817 26

passageways 45 is stopped.

and

15~. © - Inaddition, the liquid immersion member 4 has. a liquid recovery port 47, which
is capable of recovering liquid. The liquid recovery port 47 recovers the liquid on the
prescribed member that opposes the lower surface 21 of the liquid immersion member 4.

The liquid recovery port 47 is disposed at a prescribed position in the liquid

immersion member 4 so that it opposes the front surface of ﬁe substrate P. The liquid

20 recovery port 47 is disposed outward from the flat surface 31 and the second supply ports
42 (the second area 32) with respect to the optical path of the exposure light EL. The
porous member 27 is disposed in the liquid recovery port 47. The lower surface of thg
porous member 727 disposed in the liquid recovery port 47 is the liquid recovery surface
33.

25 The liquid recovery port 47 (the liquid recovery surface 33) is connected to a



menber 4 and the front surface of the prescribed nenber includes the
| ower side space 28. In the present enbodi ment, the passageways
45 can comesi/insishe first supply apparatus 44 via | i pé&t/msroovns7si7
passageways 60. The passageways 45 and the linking 5 passageways 60
are connected via a passageway sw tchi3¥g nechani sm 61, which

i ncludes, for, exanple, a valve nechanism in_the present enbodi nent,
by cont r ol 1GUHTeEGYETY FAPETAtUS 48 1A 2 RASTREPRY 8- 4 AThediquidsecayaiy appgpiug 49
apparatus 46, and the passageway sw tching mechani sm 61, the contro
appar at us STPESCSANEIYD s¥iensendof dapablgif secovsringdhy Eqnid siesueigningpplThe
apparatus 46 to the second supply ports 42 through the passageways 10
45 in the passmgewapsraompris¢sa rscqyplyypasfageway, fvhichtis formed sidexiferlmuid he
first supply apparatus 44 to the passageways 45 is stopped, and can
suppl y t hemimeargén membeérdt, bfd 4 passagetvay, fhichi is Sarmed froap@eatenspigédthho t he
second supply ports 42 through the passageways 45 in the state

wher ei 3 t h@nseepithyreobverhipassapeangand thelliguill Cecov@mapfieatae4m N drhs U pidy
apparatus 46 to the passageways 45 is stopped. 15-1In addition, the

li qui d i NMBgcveRA v[iﬁﬁ@ﬁ?l}i&r@aﬁer#ﬁbﬂt qy tHe HQEA YR Yerp Slirfacd 83) Whdcoverk by
capabl e of recovering l'iquid. e liquid recovery port 47 recovers
the |iqui dhORqdildfecBieey apabR 4BARAEH HR3hssapRASeR, t he | over surface 21
of the liquid imrersion nmenber 4. The Iiquid recovery port 47

i s disposed at rj b LA -1n .t Jiquld i i quber 4
so that it oppogle‘;sadtﬁ E)gl %“3@%?19%%1? %rgg%l%ghtt @ghb{ﬁlg;ﬂtn?l g%se S iﬂe4l I'qui d
20 recover i i . | at._surface 31 and
t he secon Sﬁ%{ °§é é&@%ﬂhggﬁsﬁﬂ)@&%&ﬁ@%{ %g%%?e%vé % aPeeé({ﬁrene G t he
optical., path, of the expasure |jgh L...The porous ne r.27 is

0P s bodla” thmbfa v Germarauis g e Fovis e RingEns e B htan o

por ous nenber .di sposed, in the |iquid recovery port 47 is . the

l'i quid reéB%“ér[gé‘H?F uRgatiops T ae f H?‘c?oﬁég%erérdgﬁl’ﬁﬁflﬂ“%?v(%@ ithfui d
recovery surface 33) is connected to a 27 liquid recaovery apparatus
49 via a pRBYBIFe28 andpl wpapls of cxbaustieg (hegapthersings mbiepstphti ses a
vacuum system and i s capable of recovering the |iquid via suctioning.
The passadg&hagimest, gsrprhaustports Y0asoweriled an sprysiiasides(pnetn ¢ach side)add
inside the liquid imersion nmenber 4, and a passageway, which is

f or med f r dhe epticelpatheafythgxpesurditight EL in the X axial directions. The exhaust ports 50

15  are connected to exhaust passageways 51, which are formed inside the liquid immersion
member 4. The openings at the upper ends of the exhaust passageways 51 are disposed
at positions at which they can contact the gas in the external space. The gas in the
external space can flow into the upper side space 26 via the exhaust passageways 51, and
the gas in the upper side space 26 can flow out to the external space via the exhaust

20  passageways 51. In the present embodiment, the gas can flow continuously back and
forth between the upper side space 26 and the external space (the atmospheric space),
which is outside of the upper side space 26, via the exhaust passageways 51, and the

'. upper side space 26 is open to the atmosphere via the exbaust passageways 51.
Furthermore, the e)'chaust passageways 51 may be omitted.

25 ~ One example of an operation that forms the immersion space LS with the first



5 connects the recovery passageway and the |iquid recovery apparatus
49. The liquid recovered via the liquid recovery port 47 (the liquid
recovery sipbmemgrs3sy) IS recovered by the |liquid recovepyrapha@tsis 49
t hrough t he passageway 48. In addition, in the present

enbodi nent, the liquid imersi on menbeZ8 4 has exhaust ports 50, which
serve to brin he_upper side space.26 and an external space 10

(anbi ent e‘%ﬂW‘?E@ﬁ‘é‘thﬁe’gﬁ’reP‘BlawaingﬁﬂqgnWWWW@%‘? 5 the el 4 (the
i mrer si on space LS) into comunication. The_exhaust ports 50 are -
di sposed iaPPaaBis g useihe firsh supphiepagts fé to supply the Hest liggd dQHtodheoptigplagthe
of exhausting the gas therein. In the present enbodi nent, the exhaust
ports 50 arféhquxpesuteelylep¥kintthe Gistiliguid bRds being surplisd, dls capfrok he -
optical path of the exposure light EL in the X axial directions. The
exhaust paopparatl 5Skbspase tiaopresedbamtmbenaha peditigres sdivitysposds, botththe h
are formed inside the liquid inmersion nenber 4. The openings at the
upper endsenrgdnbsurich 2081 thp dssadieuayandnl 1268 e vas edfak 20 0F tHeiligniRl at
whi ch they can contact the gas in the external space. The gas in the

external spaesi6@iemberd.i Ntk fird1SiqLHANEY tb%fﬂ_@'etﬁﬁ&ﬁ%e%sﬁduﬁpl&f&?ﬁwﬂéﬁbmt
passageways 51, and the gas in the upper side space 26 can ow out

to the extietmlicRAGE fivs SuppepcB BRUSbuAOnDBESALINEYS . 5 Trne liflst shihly

present enbodi nent, the gas can flow contihuously back and forth
bet t 3 i . :
e e T A N
th 2x h L I {

C oo SRR a8 I MBS BR800 B O

t he at nos aust passa rihernor
exhau passageways 51 nm .opitted. .250ne ex | e. 0of an operati.on
Chat 19 maRany TRsaion Pas 25d® Fehb 16 e Pofaims g B s ARaRRaER 1y
now be expl ained. To formthe,j rsion space LS, the cantrol

par at s eByes dhe grgeree Sutabt A b Bt ol ety dopt s o ui
LQ'to the optical gath of, the exposure |ight EL. When the first

liqui d LQthspisiaribg %E}?Fﬁ%@,ﬂeéwgﬁélﬁrﬁfﬁ"d}q“&’plp‘af atus 5 di sposes the
prescribed nenber at a position at_which it opposes both the 5

ener gent sur f ac& adlitism, frbe prgsant epgbodimpntethe gaptol appagays § perfarmghe
surface 21 of the liquid i mersion nmenber 4. The first liquid LQ that
is fed fropetatien of regevesing gieyfirsiiquiddiQ ysingithediquidgpiavery pogt 47He padaliet
supply ports 41 through the passageways 43. The first supply ports 41
suppl W5t hewifh the ppératipn of siiplyiog thedirstdineid I9Q deing iedest26ppl¥ bertd 41 StAt
liquid LQ flows through the upper side space 26 and into the | ower

si de spacdeadBsonkey afulphfitshibquidh EQiohghegresctiBed MidMibert doatacidmi ijuidicaprce LS
is formed so that the optical path of the exposure |ight EL between

t he ener genifaceB3f(@fedowet saffadd T thersiro@Rhdrei 28) dBdiecdRréHerkhe fThent
surface of the prescribed nmenber is filled with the first liquid LQ

first liquid LQ that is recovered by the liquid recovery surface 33 is then recovered by the

liquid recovery apparatus 49 through the passageway 48.

20 By performing the operation of recovering the first liquid LQ using the liquid
recovery port 47 in parallel with the operation of supplying the first liquid LQ using the
first supply ports 41, the control apparatus 5 can form the immersion space LS with the
first liquid 1.Q between the last optical element 19 and the liquid immersion member 4
on one side and the prescribed member on the other side.

25 In the present embodiment, the control apparatus 5 can synchronously move the



In addition, in the present enbodi ment, the control apparatus 5
perforns the operation of recovering the first liquid LQ using the
liquid recayenvietst 47 in parallel 15 with the operat pefgefinvosrs17
supplying the first liquid LQusing the first supply ports 41. At

| east sone of the first liquid LQ on tHe prescribed nmenber contacts
the liquid contact surface 33 (the | ower, surface_of the pqrous nmenber
27) and i SpaBiR Hresd Wéﬁ%ﬁ&??“%ﬁ%‘&“% ftpae miﬂaﬁ(amfé f{Uﬁatforis e
by the liquid recovery surface 33.is then recqvered by the liquid
recovery aBpistantsalpicmant 49 yhile.qb ths same Hwgespusips thogmeigsat usiaes Hyok he
operation of recovering the first liquid LQ using the liquid recovery
port ' 47 i rthplestaptiesl alimant { éo enpeseritherthe pppsn ppfage h3) of the shhstrete stagedi d
LQ using the first supply ports 41, the control apparatus 5 can form
t he i mer serdee wppacerias: W ofthe meafurersant btagpi2, or bgphliatthvestate tvhereimeibe
optical elenment 19 and the liquid i mersion nenber 4 on one side and
t he pr &scruppesunfeedEY oftthe tulbetrate kiege b amithe Bfgen siurfiee P4 efthnimeashradéentent ,
the control apparatus 5 can synchronously nove the 29 substrate.
stage 1 angtageheurdBraytitehe Hroxsiager chntddt Wik one dtheysclhbeLipacd Gapiblé B
respect to the last optical elenent 19 while, at the sane tine,

causing t hﬁmﬁﬂ?ﬂﬁ iR hi dHehRAheABst @tidal BlemBit 1 9QRE efiRdr 1) RBRRe el lﬁor

oppose either the upper surface 13 of the substrate stage 1 or the

upper sur f@ceeddrddient Qﬁ%en?, 32 YHBIR Ml 2R indousdy, apgitséloseid'?n,tfgﬁmﬁtﬁtee

wherein the 5 upper surface 13 of the substrate stage 1 and t upper

surface 1.4gﬁf p&%@@ﬁ@@ﬁ@ﬂﬁ@&% fooﬁfoﬁz?fs‘é%ﬁhgbé.'ﬁﬁ%gé%ic%&e& or

contact w one a _ a space cap _

st age 1 or Eheepl i, PR SR T Riniin Sy R MEMBIRE RS
SSoc sobsii iburbPas Tl ok OB R beRaf R B2 o Mo
e
surface 14 of the nmeasurenent stage 2, or fromthe upper surface 14

of the mea¥preweite S efghe substrate page ] gad, ak thesame tims, lgakage af the hgwid san

stage 1, and, at the sane tine, |eakage of the |liquid can be
pr event ed.bemsemeatedlol | owi ng text expl ains one exanpl e of a method of
usi ng the exposure apparatus EX di scussed above to expose the
subst rt e P. Thdhe toilomobg eppamplinsont exanvds of dmethod of usatgthe exgyeurt t o
t he substrate exchange position and uses a transport system (not
shown) t o dppardtut B disdusiedabeveRo prpode tHeaubstiatedposur e-ont o t he
substrate stage 1, which is disposed at the substrate exchange
The control apparatus 5 moves the substrate stage 1 to the substrate exchange
position and uses a transport system (not shown) to load the substrate P—prior to its
exposure—onto the substrate stage 1, which is disposed at the substrate exchange
20 position. When the substrate stage 1 is disposed at the substrate exchange position, the
measurement stage 2 is disposed at the exposure position and the immersion space LS is
formed with the first liquid LQ between the last optical element 19 and liquid immersion
member 4 on one side and the measurement stage 2 on the other side. As needed, the

conirol apparatus 5 uses the first liquid LQ and the measurement stage 2 to perform

25  prescribed measurements related to the exposure.



20 position. Wien the substrate stage 1 is disposed at the substrate
exchange position, the nmeasurement stage 2 is disposed at the
exposure masbkdob@sand the i nmersion space LS is fornedptgtiprobda7dinr st
liquid LQ between the | ast optical elenment 19 and liquid imersion
menber 4 on one side and the nmeasurenedd stage 2 on the other side.
As needed, the control apparatus 5 uses the first liquid LQ and the
measur enent st agtep thego é?lfaBPWfESS pesloadqdibeisubstzaie P enterihesubgtratg saga b
t he exposure. WO 2009/ 128554PCT/ JP2009/ 057817 30 After the control
appar at us B thrasibstraterexghange pesithert 3nglt has perfortred theaneasirements gsisg thge 1 at
the substrate exchange position and has perforned the nmeasurenents
usi ng t he memswrrenestigesf thgeoyol mhparatons neivesthp subatrats stagerhwetsiclt indds
substrate stage 1, which holds the substrate P prior to its exposure,
to the exphssulstrie Pigriodto igrespdsdra)yto thb exposimepssition siafefind the whinbrsiope
first liquid LQ between the |ast optical elenent 19 and the liquid

I mrer sison with @it fRBdigRidieQ 8BEvebih the 340 Shtical Elerfiéd9 add fHell@uid
substrate P) on the other side. The exposure apparatus EX of the

present engediENneinder® &P&ﬁ%ﬁd’é&nﬁﬂ&%uﬁ%&@ééﬁ%@ 1ARRALBdME }g%nstﬁ?é G ed
scanni ng stepper) that projects the inmage of the pattern of 10 the
mask Mto e substrate P while synchronously noving the nask M and
the substrate P in prescribed scanning directions. Wen the substrate

Pis to be expo [ th sk stage 3
and the subst ra?zlgg%%)g%e%gé%&géslaggﬁ %%%%ﬂt}n?ﬁ%@&n%& gsnaas C%H]gg%%gt rate
P in the prescribed scannin irections wiLhin the XY plan whjch is
or t hogonal PB4 R LA r-Siied s6eRiae eBoet) ol ifpiers g ‘ples e belef'of
exposure | ight . In the resent enbodi nent, the anni n
P oo titon<be PR i el Bl SRthuarr Sk mOvISs thsrmack BT Set fafketp
and the mask M are the Y axial directions. The control apparatus 5
bot h noved ¥pEessibrshseapningslifertionse  Sfhepfe spbsizgtey isdp beetRosis theicontrol
respect to the projection region PR of the projection optical system
PL and Tt adipatratys rentolphe mask ptagmi amd the subsirete stogh b 59 et te nove Hreonek NMhe.
projection optical systemPL and the first liquid LQin the 20
i mrer si on ang dhesubgratmP inthe pigbuibed senPingidirkgions withinghes Xiveplanenwhichbvi ng
the mask Min the other Y axial direction with respect to the '
i 11 um nat iarthogagl trthé¢ &ptizhl axiieeAXI(1.eithe apticahpaly of therexdoswadight Bigt  {rhihs
novenment i s synchronized with the novenent of the substrate P. As a
resul t5 t hreseneggebodimdnheherbirgindigdctibhe(teaychvbidhs plooéraeit difedtidont) e
substrate P. which is thereby exposed by the exposure |ight EL.

the substrate P and the mask M are the Y axial directions. The control apparatus 5 both

.-~ moves the substrate P in one of th;a Y axial directions with respect to the projection
region PR of the projection optical system PL and radiates the exposure light EL to the
substrate P through the projection optical system PL and ‘the first liquid LQ in the

20  immersion space LS on the substrate P while, at the same time, moving the mask M in
-, the other Y axial direction with respect to the illumination region IR of the illumination
system IL such that this movement is synchronized with the movement of the substrate P.
As a result, the image of the pattern of the mask M is projected to the substrate P, which
is tﬁereby exposed by the exposure light EL.

. 25 In the present embodiment, when the substrate P is being exposed using the first



251 n the present enbodi nent, when the substrate P is being exposed
using the first 31 liquid LQ or when a neasurenent is being

per f or med wé bdav/fitsesgreasuring i nstruments C using the fipestirdobsioshsi7LQ
the supply of the second liquid LC via the second supply ports 42 is

stopped. The exposed substrate P is thgh unl oaded fromthe substrate
stage 1. In order 5 to unload the substrate P fromthe substrate
stage 1 afkignd LReor shep g apeasurement isdieinedreriapped with thesnggsiyring ipgiaments C
substrate stage 1 to the substrate exchange position. \Wen the

subst r at e wsingghe first Hquid Lok theswpnly obthe lsecogd bigeiddiCovia thersarnpd sprpdy portm,
the control apparatus 5 noves the nmeasurenent stage 2 to the exposure
position Adkskoppsl.t he i mMmersion space LS with the first liquid LQ
between the | ast optical elenment 19 and the liquid 10 inmersion
menber 4 on one Thedepaadisiibeater® dstherenmloddes frageth substratb étagd herlnsrdee.
The control apparatus 5 uses the transport systemto unload the

exposed subuhloald ereRubdtm It homIhsibtakesteiec0tfet theWrbsdurd, thedosislsed at
t he substrate exchange position. The control apparatus 5 successively

perforns iiBLAkGInéeR BRULESaf Stdde Bltb BRlshbdraff exehddpt padi®sh. P Whhen the
repetitively performng the | oading operation, which |oads the 15

substrat e dib@idOliadd i tSbERAARE fhe o108 LXRARMEE pARELA BN ibbllans

exposes the substrate P, and the unloadi ng opération, whic

(e oD gt B ool 8 A 5 BORE TR MoflpA,L
0Pt cal el SRl M o8 B R TR e 18 BRSHRIE,
(he ootpsugs o L henpibett o, By S RER G L € iy
(el uted) fc%ﬁt%ltaggargtlfxts) %tugéasttge tFr)ansport system to unload the exposed substrate P from the
substrate stage 1, which is disposed at the substrate exchange position.
The control apparatus 5 successively performs imumersion exposures on a
plurality of substrates P by repetitively performing the loading operation, which loads the
15  substrate P prior to its exposure, the exposure operation, which exposes the substrate P,
and the unloading operation, which unloads the exposed substrate P.
Thus, in the present embodiment, during the cxposﬁre of the substrate P, the first
liquid LQ contacts the last optical element 19, the liquid immersion member 4, the
substrate stage 1 (the plate member T), and the measurement stage 2.
20 During the exposure of the substrate P, it is possible that a substance (e.g., an
organic substance like a photosensitive material) produced (eluted) from the substrate P
will intermix with the first liquid LQ. It is further possible that the substance that
intermixes with the first liquid LQ will adhere as foreign matter (contaminant) to the

lower surface 21 of the liquid immersion member 4. In addition, it is possible that,

25  along with the substance produced by the substrate P, foreign matter suspended in midair



will intermix with the first liquid LQ It is further possible that
the substance that intermxes with the first liquid LQw I adhere as

forei gn ngid syt am nant) to the | ower surface 21 obci/meodoodisid
i mrersion menber 4. In addition, it is possible that, 25 along with

t he substance produced by the substrati® P, foreign matter suspended
in mdair WO 2009/ 128554PCT/ JP2009/057817 32 will interm x with the
first |iquvill mteymyavitdhefst igud KR qod adiers torthaloaves surgce £, of fhe bigpid

i mersion nenber 4. If the foreign matter (contaminant) is left in a
st at e wher@mersion menberds dthe fereipp watter(gertaminant] isdeft ithsthte gdierpin it

i mmersion nmenber 4, then it is possible that that foreign matter wll
| i kewi se adhaestotthe lover sufast 2 hoethPliguid imyemsionangolsn #ethom itwg pdssible that
contam nate the first liquid LQ supplied via the first supply ports
41. As a ks didreign engpeswilkblikeaiidciadhare cotht dubstreta P duriap amsxpdsae oexdlhpl e,
t he generation of defects in the pattern fornmed on the substrate P.
Accor disnglcyatainihatd e fifst Sgutt IE dpplictvii the fidstGsan pbitet 1. | Qs adkesuliyer Si on
menber 4, the control apparatus 5 supplies, according to a prescribed
timng, tRepsQFOBTurks SoHldlocklr ddeh ¥s, Forll REMPRCME Gerfekdtidn)of Hefetts iffhe SO

that the second liquid LC contacts the | ower surface 21 of the liquid

i mver si on 5mfrd oh MY &RYratd B control apparatus 5 cleans the | ower
surface 2 o%mtﬁe IioqE}?é(’j, I mrersi on menber 4 with the second liquid

LC. As discusse i ind BS=dif B5EHm ARCE e il Bhrsalibn GloEAY N0
liquid is used %géotqﬁl\églgé%g}rl\d&?? quiég (ﬂ%n I'ng an eaﬂ?g I C ela%ﬁr?g
liquid as ,the secgnd | quid L kes..lt. possible to.15 i Qrily
el i nat o ‘o NG ERTE Somet e Swnie D A AP SRR SR Aty S ool Gl
phot ogensi.tive material and the |ike 1hat het o th ower surface
D1 of 1Phe 1t YA F SRS PR Priato it the eoft IRRid LG Sopade g Hover Sutact
enbodi nent_, preventive .apparatus 53 is capable of preventi
contact bel bl ok %‘SI%NEE"gFI 4 tiFeghiy the Sondyd apien slﬁﬂlwt?%awar LC,
furthernore, the 20 1iquid i mersion nenber 4 is cleaned with the
second | i guifere(2d of i ljguid immersian mepber 4 yith thespenpdiliquidds(ey eng digeussed
apparatus 53 to prevent contact between the |ast optical elenment 19
and the saboyedin thepregent embogdipientean alkali ¢lpaningdiawithis sisgshasythgyeaecend lignid | n
the present enbodinent, the preventive apparatiis 53 includes the
first supplG pdningsandadkali dleaning lissislasdhd seqenddiquid Léimiakes itrpgssibde tof or
exanpl e, an alkali cleaning |iquid, )
15  satisfactorily eliminate organic substances (contaminants) produced by the photosensitive
material and the like that adhere to the lower surface 21 of the liquid immersion member
4,
In the present embodiment, a preventive apparatus 53 is capable of preventing
contact between the last optical element 19 and the second liquid L.C; furthermore, the
20  liquid immersion member 4 is cleaned with the second liquid LC, while, at the same time,
using the preventive apparafus 53 to prevent contact between the last optical element 19
and the second liquid LC supplied via the second supply ports 42. In the present
~ embodiment, the preventive apparatis 53 includes the first supply ports 41.
If the second liquid LC, which may be, for example, an alkali cleaning liquid,

25  contacts the last optical element 19, then the state of, for example, the front surface of the



25 contacts the |l ast optical elenment 19, then the state of, for
exanple, the front surface of the WD 2009/128554PCT/JP2009/057817 33
| ast opti cged 2@bereat 19 could change. 1, for exanpl e, pthgploasisrsi7
optical element 19 is forned fromquartz, then, the second liquid LC
and the |last optical elenment 19 to con#into contact, the state of
the front surface of the | ast optical _.elenent 19 coul d change or .the
optical chaftoetieal plemenklowyldrhargen gdl fosexample, thilest optist slemeahid 5, i n
the present enbodiment, the control apparatus 5 supplies the second
li quid LC fprmaed fiem quertm thes.ippegonsbliquid E@ apithedasi optiegl elnmewr e gemg e
apparatus 53 to prevent contact between the second liquid LC and the
| ast opti ciato whtanietie steg: of the front Thdadeaif Kiwiast gpticak tlewsng| 18icneldehange or
exanple of a nmethod of cleaning the |iquid i mersion nmenber 4 and the
| i ke with théeptiatenchcterigiis¢ohld chargbporahelikeg t he schenatic 10 draw ngs
of FIG8 and FIG 9. As shown in FIG 8, in the present
enbodi ment, whelConh@uéntlyiinGhd preEshserbodieitethe dorittol SpRANMRE supplhdsthy
substrate DP is held by the first holding part 15. The dummy
substrat e deboriddiqRid B RRIthd fcsAERBPIFPIREHD u&h@hsiﬁ%th@' Fz&%ﬂﬁ}e abp@ut B8

c

substrate P used for exposure and that has a hig eanl i ness | evel

that tendsy @giveﬁ&oﬁsbﬁ%ehqgﬁe%dﬁ%u[@té Gfid the MRt ga;&ﬂeﬂaﬁeﬁ hgpe of

the dummy s trate DP 1's substanti t he sane at of the

substrate P, ands s |.h9| i . .
substrate DR %E?%gﬁggg%%ro g?é%ﬁ?g%%nﬁgoﬁf)@g%gf%%e %ugst?lg%le
stage 1 or. the.neasurengnt,.stage Qr._bot . hat 1t opposes. t.he
et opt |y SRBREITAN S Ay 0¥ et Bnad ¢ Bbhing RRRR R RlE
prese enbodi nen t he ol apparatus 5 disposes the substrate
stage T or ﬁwngﬁ%g%gﬁ?cg%é stage 2, or both, so that it opposes
the second supply ports in the state erein the upper. surface 13
of the substrat é*ssgﬁ%‘@%mﬁ 1{1%115?3‘56%?3@\3’9%&%“6‘?3th FRERRLEPR ment
stage 2 are brought into proxi m'tg or_contact wth one another. FIG 8
shows an Rembrd inplesnsd p dusemy pihstratg i beld by therfirstholdingpart b ¢ Theage
1 (the plate

( P dummy substrate DP is a member (a clean member) that is distinct from the substrate P

used for exposure and that has a high cleanliness level that tends not to release foreign
15 matter. The extemnal shape of the dummy substrate DP is substantially the same as that
of ;the substrate P, and the first holding part 15 can hold the dummy substrate DP.
The control apparatus 5 disposes the substrate stage 1 or the measurement stage
2, or both, so that it opposes the last optical element 19 and the liquid immersion member
4. In the present embodiment, the control apparatus 5 disposes the substrate stage 1 or
20  the measurement stage 2, or both, so that it opposes the second supply ports 42 in the
state wherein the upper surface 13 of the substrate stage 1 and the upper surface 14 of the -
. measurement stage 2 are brought into proximity or contact with one another. FIG. 8
shows an example wherein the upper surface 13 of the substrate stage 1 (the plate
member T) is disposed so that it opposes the second supply ports 42. Furthermore,

25  during the cleaning operation, the upper surface 13 of the substrate stage 1 and the upper



menber T) is disposed so that it opposes the second supply ports 42.
Furthernore, 25 during the cleaning operation, the upper surface 13

of the sulgdbmbessisage 1 and the upper WO PCT/IP2009/057817
2009/ 128554PCT/ JP2009/ 057817 34 surface 14 of the neasurenent stage 2
do not have to be proximate or in cont¥®t w th one another. To

clean the liquid i mersion nenber 4, the control apparatus 5 starts
the suppl ysusies Heofdhemprpuremsnt siage da nethavs @ de FFR¥IRAR AT 1 coBtaptowitlpone
The control apparatus 5 5 controls the passageway sw tchi ng nmechani sm
61 so as t@otheed the second liquid LC fromthe second supply :
apparatus 46 to the passageways 45 so that the first liquid LQ does
not flow from t fe ciean gte liquigliminesippmgmbpiyh ithet apstrallapparatys Histarts the
passageways 45. The second liquid LCthat is fed fromthe second
suppl y appapplyws thtGeend lifjhideC viatieusgbordnappa podgivaykhe4bntrsl appepaths £d
to the second supply ports 42. The second supply ports 42 10 supply
t he segonctohirélyititt fassagendystitching @ahating 61 Bead to fedddhd seadidsliquid DENber
4. In the present enbodinent, the control apparatus 5 starts the

supply of #dig ueacand shpfly bhatdusdcro iSRG ONA sHSRB khat BRMrs 1d2idn | e
continuing to supply the first liquid LQvia the first supply ports

41. The SegRAfbdHidhn ke ASQHdpPBLARIARYAR info AR HhSalAudyS45.UPDLd €

to the | ower side space 28 I quid I nme nber 4 1

and t he S%Qé({r{(}gfq?idsﬁ@%%t% 5%% ﬂ?@dﬁfs&%ﬂﬁ@@kﬁa@aﬁaﬁ&é RR3idhah the

enbodi nen ontro e supply operatron,

whi ch supplies the .second.liqud LC via.the seco suppl r{s. 42,
whi te uer goERahalR a3 B ARRuAE Meherona Bl MRS RE D ke SRR KB s

even € appar at us 'St
FGERLAEE TR L IS e e R TR
PT e\'/e_'nt e appalir?h‘xlé ?Jreggnt%%%ggig}eit, mecogggloaggaams 5 starts the supply of the
second liquid LC via the second supply ﬁorts 42 while continuing to supply the first
liquid LQ via the first supply ports 41. The second liquid LC from the second supply
ports 42 is supplied to the lower side space 28 between the liquid immersion member 4
15  and the substrate stage 1 (the plate member T).

In the present embodiment, the control apparatus 5 performs the supply
operation, which supplies the second liquid LC via the second supply ports 42, while
using the preventive apparatus 53, which includes the first supply ports 41, to prevent
contact between the second liquid LC and the last optical element 19.

20 In the present embodiment, the preventive apparatus 53 prevents the second
liquid LC, which is supplied to the lower side space 28 via the second supply ports 42,
from flowing into the upper side space 26 via the opening 24. Thereby, contact between
the second liquid LC and the last optical element 19, which is disposed in the upper side

space 26, is prevented.

25 In the present embodiment, the preventive apparatus 53 prevents the second



liquid LC, which is supplied to the |l ower side space 28 via the
second supply ports 42, fromflowing into the upper side space 26 via

t he openi Rgp 2e/12k8Qr eby, contact between the second | i gorgpdebs/angt he
| ast optical elenment 19, which is disposed in the upper side space

26, is prevented. 25In the present enm@sdi nent, the preventive
apparatus 53 prevents the second 35 liquid LCfromflowng into the
upper - si ddigishbe fom fowing fto hsawpergidespang 26upmibp opening1ét by supplyingghe d
LQ to the upper side space 26 via the first supply ports 41. Nanely,
in the prdsrliquihbQde theppensids spanet26 via the frst suppdy Borfsedlf or s t he
operation of supplying the second |iquid LC using the second supply
ports 42 i-n par Naoely, & the pres¢rit embpdimant] tha codtred apprrgtiuing pedien ithes t
liquid LQusing the first supply ports 41. In addition, the control
appar.at us dpepioh of spplylreg thp sscaid hquidLCheing Ve setghdt sapplly ipgtis 42 ingiatdtlel -
the first liquid LQ or the second liquid LC, or both) using the

l'i qui d 51 ecoivieth¥ op@atiorficf Shﬂplﬁiﬁg @el forbt ligutd L@ RSing BRI Ak ppl9podsPR| Yh Ng
the first- liquid LQusing the first supply ports 41 and the operation

of suppl yid@itfoRShe 8GRAY ax%_dla%%s% peHodfd 1hE bR SPGB vEHRPIRY liHQigt(cﬁﬂéﬁ -

10 Thereby, as shown in G 8, the immersion space is fornmed wt

the i qui %@ﬁ%%ﬁ&ﬁd lj'_,@aor ﬁ@s%&cggqg?gﬁf%ﬂr%gglgmiﬁg ﬂéqﬂu}J}chJe%o 47 in

i mrer si on nmenber “4 on one si _ e substrate stage 1o e ot her
o1 de,  Tne HLASEvld Bl S UPRLAGH 8, ARUNRPED IToRFRR0 ke e
e o S S RO Pl B AR e b Bl b
e e A P o
present enbodi nent, by supplying the first liquid LQvia the first
suppl y- pories ontical glgmens;18\Aad te iguidipupestios msmbeh L ybopes daand decyhtirate
l'iquid LCs{arggran%(:hec((})tgéraS(i:(}ei- ng the |l ast optical elenent 19. _
- The first liquid LQ-supplied to the upper side space 26 via the first supply ports
41 ﬂo‘;vs-through' the upper side space 26 and into the lower side space 28 via the
15 opening 24. The flow of the ﬁrst.liquid LQ prevents the second liquid LC, which is
.supplied to the lower side space 28 via the second supply ports 42, from flowing into the
"upper side space 26 via the opening 24.
. Thus, in the present embodiment, by supplying the first liquid LQ via the first
supply ports 41, the preventive apparatus 53 prevents the second liquid LC from |
20  contacting the last optical element 19,
The second supply ports 42 are disposed outward from the flat surface 31 with
respect to the opening 24, and the second liquid LC supplied via the second supply ports
42 to the lower side space 28 is recovered together with:the first liquid 1.Q via the liquid

-recovery surface 33. -

25. . - .. The second liquid LC contacts the lower surface (the liquid recovery surface 33)



The second supply ports 42 are disposed outward fromthe flat surface
31 with respect to the opening 24, and the second liquid LC supplied

via the seaonmdysigpal y ports 42 to the | ower side spacep28ipm0v/057817
recovered together with the first liquid LQvia the liquid recovery

surface 33. 25The second liquid LC comécts the | ower surface (the
liquid recovery surface 33) WD 2009/ 128554PCT/ JP2009/ 057817 36 .of
the por ousdfiisiossussnemben 27 e hlhergbyethe secand ligyig LCrlqans thedewer sturfece of ey -
surface of the porous nmenber 27. In addition, the second liquid LC -
flows i nt ordvs meathsagbuay addition.dhe seeonddianid b€ flowe injo thspessaewayr48xia
fl ows through the passageway 48, and is recovered by the liquid
recovery .dhpholes afsheygorovsouembtir @@J fjows theugn thepassagdvayels, ofd is rreohrrbds
of the 5 porous nenber 27, the upper surface of the porous nenber 27,

and t he i riuyahe Bauid scevery appgaeatyatts agevardingBy, theénrek burficesofahke lnjed dfehe
second liquid LC In the present enbodi ment, the size (within

t he XY35pl gidegusefentboe2?, J@bﬂﬁuﬁ@@@i&hé PorERImh bédt 2Uhﬁ1dfﬂxd fher suffadechfl Q
and the second liquid LC during cleaning is larger than the size

(Wi thin tRge pa¥sREREIS Ak allRRaITRIBE QRofPRARI for Med Wi th the first
liquid 10 L Idgneébev\hen the substrate P |§(ﬁgxposed Accordingly, a

ot L S gl b i KT U0 R ¢
L cOn Sy AR, e g LB RIS PO S Y
one L'ezﬂmléﬁ%e'n%@et. CRIBE el F T8 WO
e odl:  dehalony iitube iR P e Asppinell  britreea ke l%%te'agns
?EZ?Zbi,S e aqerﬁt"%g'l?ﬁ ool Babrhdipeie oo boaad b
cleaned thereby.
In addition, the control apparatus 5, while supplying the second liquid LC via
the second ‘supply ports 42, can move the substrate stage 1 with respect to the liquid
15 immersion member 4 in the X and Y directions under prescribed movement conditions.
By moving the substrate stage 1 with respect to the liquid immersion member 4 in thé X
and Y directions, at least some of the second liquid LC supplied to the lower side space
28 via the second supply ports 42 contacts the flat surface 31. Thereby, the flat surface
3lis clean_ed by the second liquid LC.

20 In addition, the upper surface 13 of the substrate stage 1 is disposed so that it
opposes the second supply ports 42 and contacts the second liquid LC supplied via the
second supply ports 42.  Thereby, the upper surface 13 of the substrate stage 1 (the plate
member T) is cleaned by the second liquid LC.

- In addition, by moving the substrate stage 1 with respect to the liquid immersion

25  member 4 in the X and Y directions while the second liquid L.C is supplied via the second



20l n addition, the upper surface 13 of the substrate stage 1 is

di sposed so that it opposes the second supply ports 42 and contacts

t he secongygd b s44C supplied via the second supply pobEsfdnsos7s17
Ther eby, the upper surface 13 of the substrate stage 1 (the plate
menber T) is cleaned by the second |igid LC I n addition,
by noving the substrate stage 1 with respect to the liquid i mersion
25 nenmber SUPPLY PPRe42( adpraenvares ofdha wnpassupfare B3 effhe stbsisaie speqlithe platei s
supplied via the second 37 supply ports 42, a larger area of the
upper sur fraeraber T) sfcleaned bithsisecond liguidd€™.1 (the plate menber T) is

cl eaned by the second liquid LC : In the present enbodi nent,
because cl eani nin the preseiitembedioredt, bequsccl¢aBingswigetht ecoordiliquid {.ds st at e
wherein the first holding part 15 holds the dunmy substrate DP, 5
cont act beievemied ih ¢hessetontlereinghi¢ flrsk holding phh @ 5 holds thehiuhayngibpedid DBS i S
prevented. Furthernore, by supplying the second liquid LC via the
second 5s upphMctitRivween 4k seborld1Rusd BC ndvhe fRét Molditey pikni3Ms preb&isat e DP is
di sposed at a position at which it opposes the second supply ports

42, the | quehestdrd, 35 Supplyifg tHehBcdnl G LEVR R RBoIRNBRY phriddPRERIBY
be cl eaned. 10l n addition, the control apparatus 5 can Clean the

f f . i . i id LC
by di sposi ot hanld S F At ST ShB0Ra g b AR gl
i ncl ud t f t i i t
1 opposesoymREaLy it AL AR 1 ker AR A i LB TRA ks £0h°

liquid LC via the second supply ports. 15After cleaning wth the
second Iidﬂ?’ygbeLC&?aflEfconpl ete, the control apparatus 5 stops the
operation of the second, supply apparaius 46 d the s t he
cbcondO T qui o L &R i So%in! aRBRaan o lerle veret wRlbh L aldbe. or i or
to the exposure of the substrate P, the control apparatus 5 perforns
a process WeFaTemeRtHage 2 athythe seeapd ligrig L& hyfispesipg ieupRer sprfagsi 1¢ of the
i mrer si on nmenber 4. 20ln the present enbodi nent, the process that
el i mi nat egneanaremens siage Ri Whickiinclodes eupprs surfeses of thermsrsiiag instubents 4,
i ncludes a flushing process that supplies the first liquid LQ
As shown isn theit & opposehthe serond siprdppertsat2psd By iswprlying theacwndilignidili vine
supply of the second liquid LC is stopped and the substrate stage 1,
on whi ch tthesedondsppplyipsits.at e 25DP is held by the first holding part
15, is disposed so that it opposes the | ast optical

15 After cleaning with the second liquid LC is complete, the control apparatus 5

stops the operation of the second supply apparatus 46 and the supply of the second liquid
LC using the second .supply ports 42. Furthermore, prior to the exposure of the
substrate P, the control apparatus 5 performs a process that eliminates the second liquid
LC from the liquid immersion member 4. |
20 In the present embodiment, the process that eliminates the second liquid LC

from the liquid immersion member 4 includes a flushing procéss that supplies the first
liquid LQ.

As shown in FIG 9, the contro! apparatus 5—in the state wherein the supply of
the second liquid LC is stopped and the substrate stage 1, on which the dummy substrate

25  DPis held by the first holding part 15, is disposed so that it opposes the last optical



WO 2009/ 128554PCT/ JP2009/ 057817 38 el enment 19 and the liquid

i mrersi on nmenber 4-perforns the recovery operation, which recovers
the first vwégdbaesd using the liquid recovery port 47, peagpasdalskal
with the supply operation, which supplies the first liquid LQ using
the first supply ports 41. Thereby, th¥8 second liquid LC that remains
on, for exanple, the |ower surface 21 of the liquid 5 inmersion .
menber 4 %rn%rﬁé%atﬂ thedianidripaersion, mefRperidm perorme the e o¥ Ty oReratie: Sty
passageway 48 is washed away. In addition, -in the present enbodi nent,
t he cont r oeceyspdhefitssligid éﬂtusmgsﬂlﬁt Jiguid teﬁgterxg@;pﬁ? i pratid twith thesupplye
second supply apparatus 46, and the passageway sw tching nmechani sm 61
SO as to sepspitipngwikch pupplics thefistiliquil EQowsinghle fiist supplypopk ¢1.apPeerettyus
44 to the 10 second supply ports 42 via the passageways 45 in the.

st at e wherthe secohdliguip RC\thafrerhdins @ faredamplgthe ldwer urfare ©h ef the diqnid
supply apparatus 46 to the passageways 45 is stopped. By supplying
the firsst ikintHision nenber 4 i thessrosh Herfdr 27 0kdt, fiPexdinpld, R reseggevay s
45, the control apparatus 5 can wash away the second liquid LC that
remai ns |rpasgaggwml\@sheutmapassagemys 45 and the second supply
ports 42 with the first liquid LQ 15l n addition, the control
apparatus >-by RehidfidN, Ergmle Px%sén?&%@cﬁ%eﬁpﬁk%h@dl apﬂ!?étﬁ:bs E&ﬁ&l’s%é ﬁ}sE

Ilhres"tsulplpfq;l d LQ U;II ng t oclqlalF§H rlecol;/ery fé(');}ti %% I geﬁgg
e Sy .5°‘i§j§f it
2 el A Lo e
1 i rrer R PRI RBEY S8 7 ReSreArRay (e SSOHEPRp G sGPIoot i

remai ns on the upp urface 13 of the substrat st age | | at e
menber T) SRFANN 1 i 16 e 7 FGPR ueply apparatus 46 fhe Bessgecuays H}'ég’ 8P ol
apparatus 5-by perform ng t he recovery operatl whi ch recovers the
first ||qd$3fjsqp yipg they fieshBawid &Qite ﬂree%éeﬁpérsypmibpf’rtm%Z vip thenassaeeveys @b+ h

the 25supply operation, which supplies the first liquid LQ using the
first supphgcqnsiol appamiusricean weshaway the sweudliqyid bEUbe/rosaigs in, for example,

the passageways 45 and the second supply ports 42 with the first liquid LQ. -

15 In addition, the control apparatus 5—by performing the recovery operation,
which recovers the first liquid LQ using the liquid recovery port 47, in parallel with the
supply operation, which supplies the first liquid LQ using the first supply ports 41 and
the ‘second supply ports 42, in the state wherein the supply of the second liquid LC is
stopped aﬁd the upper surface 13 of the substl;ate stage 1 (the plate member T) is

20  disposed so that it opposes the last optical element 19 and the liquid immersion member
4—can wash away the second liquid LC that remains on the upper surface 13 of the
substrate stage 1 (the plate member T) with the first liquid LQ.

In additio-n, the control apparatus S—b_y performiné the recovery operation,
which recovers the first liquid LQ using the liquid recovery port 47, in parallel with the

25  supply operation, which supplies the first liquid LQ using the first supply ports 41 and



39 the second supply ports 42, in the state wherein the supply of the
second liquid LCis stopped and the upper surface 14 of the

nmeasur emeryo sfos@ss=: 1S di sposed so that it opposes thepbagioepishaal

el enent 19 and the liquid i mersion nenber 4-can wash away the second
liquid LC that remai ns on the upper su¥% ace 14 of the neasurenent
stage 2 5 with the fjrst liquid LQ Thus, after the liqujid inmersion
menber 4 athﬁschécp JUPRY Rorts 4¢) 18 dhecHtale whergin the swpplidhe seqepddiqued Le Ae
first liquid LQis used to elimnate the second |iquid LC thereby
prevent i ngstermed st e wpRar surfese 1¢ 198 ths aecgnremeny siage B & difrosed socthatiit st
liquid LQthat fills the optical path of the exposure |ight EL during
subsequentoppaisse therlagt opfical hlemsutoldtand the liuidlionmidrsion meberd-eaar wesh away
process using the second liquid LC and the flushing process using the
first |iquhelsdcGrdliquid bOh&tremaihdien thelbpter atréack 14 of the neaposmentistagb 2l d
by the first holding part 15 and t-he exposing process is perfornmed on
t hat -substwisti the Brst Rgaiddy@.bed processes, such as the devel opi ng
process, are then performed on the exposed substrate P. According to

the present enmbquidiantr 88 1igMKA HBMBAMBNINGNRr 41ahd 1h8 1RO 5% (Mafed Bsiddthe
efficiently and satisfactorily clean the liquid inrersion nenber 4

and the | ikenaRufier iR AXPARIHA BQAPBRAT Uinfaic Wi RoddIRniPLENlokebyll d

LC. -Accordingly, it i's possible to prevent the occurre exposure

failures %&cﬁ%ﬁg t{ﬂh éﬁgﬁt@g oPhed€05G iihﬂ‘lﬁ %@tﬁﬁg r%&?ﬁgﬂ] tht{ lél'f.apﬁlls the

cont am nat’l on I mrersi on’ne
According to t preesent e i . tact betwee e Seco
liquid Lo B! DR %ggsu%%ﬁ@g;ﬁndteupgﬁg%s@q@nﬁ °§‘P§S$“éé\}é’tr§tl{"é°d?“g§9r?ﬁ?°g%, in
turn, kes it ssjpble to prevent. any changes.jn.th f.ar mance of
the | a0t opt i caPler Rsients ProRESPE R eomtiiatid 13 and e fupng prosesn:
exposure Tajlures fro curring. I dition,, rding to
the preserfing iiiid Efyare compléts %%%@ﬁm%geﬁg%@@os s B Bidhs gui d
LCto efficiently and satisfactorily _clean surfaces_ (liquid contact
sur f aces) hoiligg past bxand; theexnesing erosess ipperiopnedien thataubstrates?. | Breserbed o
during the exposure of the 40 substrate P, for exanple, the upper
surface 1Prefesseheuchassthe developinggeocessy Aw thaneperfopaed eruihe gerosadisubftrate B
measurenment stage 2. Accordingly, it is possible to prevent the
occurrence of expowding 16 thelpogsent empddintest pyexdlapted ebowsf it dkefossibleve
devi ces caused by the contam nation of these prescribed nenbers. 5In
addi tildn, efficiértly apd satisfitctoritp cldamtha tiquidivemersionanémiger tHaed thiedikednside the
i mer si on

exposure apparatus EX using the second liquid LC.  Accordingly, it is possible to

prevent the occurrence of exposure failures and the production of defective devices
caused by the contamination o.f the liquid immersion member 4 and the like.

According to the present embodiment, contact between the second liquid LC and

20  the last ;optical element 19 is prevented, which, in turn, makes it possible to prevent any

changeg in the performance of the last optical element 19. Accordingly, it is possible to
prevent exposure failures from occurring.

In addition, according to the present embodiment, it is also possible to use the
second liquid LC to efficiently and satisfactorily clean surfaces (liquid contact surfaces)

25  of prescribed members that contact the first liquid LQ during the exposure of the



menber 4 and the like using the second liquid LC, contact between the
second liquid LC and the |ast optical elenent 19 may be prevented by
suppl yi ng wid suob/@sds rst supply ports 41 a liquid, othebcihpioddiesiz
first liquid LQ that does not affect the last optical elenment 19. In
addition, in the present enbodi ment, od4ther |iquid supply ports may be
10 prOV|ded inthe vicinity of the flrst supply ports 41 and cont act
bet ween t hbsEoh dor xample %euam svﬁmﬂéﬁ%g@%ﬁ e staze rend theaipRery be
prevented by su ing liquid (e.g., the first liquid LQ to the
upper si desusfp@nzgﬁzfy Bhemeasuteowat sage. e vesondingly, itdgpassiblepp prievewrthe
<Second Enbodi mrent> The foll ow ng explains a second enbodi nent. In

t he expl anaciumench ef oypsutSfaglores hind theproduatitrsoftdefectiver devicde cavisobby the

equi valent to those in the enbodi nent di scussed above are assi gned

i dentical @ytbdhsionaftheid@esexiptdmambans t hereof are therefore
abbreviated or omtted. The follow ng text explains an

exenpl-ary case Wgideidh, ictBe prebesiit EbedifleAd hdn ¢16aniigStROHGEd @hmersion
position at which it opposes the liquid imersion nmenber 4 when

cl eani ng 2fesdraginl B 1K@ oMM the et 1qu1d BC %hfaarae%entﬂl%y&{d,uq%i di¢ar
to the enbodi nent di scussed above, it is also possible to dispose the

the Teasor SHaT“4CE g%“‘%ﬁﬂwﬁ SofR bt qiRaty by iy St AR bl e
shovs one ARk offer fa ‘fﬁE’ttlg%\Fd EORRE P 1B ARRIL g@car gteus ond

enbodi nent rese reventive a B
conprises a 25

opt T cal ¢l emen ‘fw%&h% PREE pffens PpbodimeR g#*a@éq“fd Sup Ry P o Haﬁ | S e
53B
P beor A0, aEoe e %ﬁ@ﬁ%ﬁﬁ}%&vﬁﬁg 1500 Bontars Ao e spagnd Higiid

present enbodi nent, the Idln? apparatuses_71 are_provided to a
liquid i rmiefr 89tk [astapsical ggment T9 may IbFleeh'%“tﬁ# @é-‘é’lﬁ’i’lyéflﬁ}bﬂiqw@r&a the first
cover nenber 70 is dlsposed so-that it closes the opening 24. The

hol di ng apisaidk@bteshenipprotide e 2ovia thase mpplenegtaryligidaiplicastsose t he

openlng 24 therew th.
<Second Embodiment>

The following explains a second embodiment. In the explanation below,

15  constituent parts that are identical or equivalent to those in the embodiment discussed
above are assigned identical symbols, and the explanations thereof are therefore -
abbreviated or omitted.

The following text explains an exemplary case wherein the substrate stage 1 is
disposed at a position at which it opposes the liquid immersion member 4 when cleaning

20  using the second liquid LC is performed; however, similar to the embodiment discussed
above, it is also po;sible to dispose the dummy substrate DP, which is held_ by the first
holding part 15, or the measurement stage 2, or both, at this position.

FIG 10 shows one example of a preventive apparatus 53B according to a second
embodiment. In the present embodiment, the preventive apparatus 53B comprises a |

25  cover member 70, which is disposed between the last optical clement 19 and the



The cover nenber 70 is plate shaped. The cover nmenber 70 has an upper
surface 72, which is capable of opposing the flat surface 31. The

ext ernal sh@pme@issidhe 10 cover nmenber 70 within the XYpprar®odidsrsi7
| arger than that of the opening 24 and smaller than that of the flat

surface 31. At |east part of each of t4ie hol ding apparatuses 71 is

di sposed in_a circunferential edge area of the flat surface 31. In
the presentubgrodrgecht In addition inihe grosem smbpdisest, the nseysative apparatys 53B
so-called electrostatic chuck nechanism The hol di ng 15 appar at uses
71, whi ch eompsiseshalding apparatuses 1o sthihi releasablyiholdon gewes memban70.  In the

rel easably hold the cover nenber 70. When the |iquid imrersion
menber 4 gprdsehhembddimeerdythe halding appasained 71 ateprirdtietl tog lappdmaterses 71
hol d the cover nenber 70 so that the cover menber 70 cl oses the
openi ng 24memBergiBown in FI G 10. The control apparatus 5 supplies the
second liquid LC. 20 via the second supply ports 42 in the state

wher ei 15 t he opeit @ p2ésehtentbo@iaet, e doRer renBdr 708Ndisfosddso thitat cles fiel
apparatus 5 perforns the recovery operation, which recovers the

second | i -CyyeflinkGal S"[‘Heghcth!ﬁﬁ% hppatHathes PCRYG e R méiberi7 iPGaY th @los¥teh
t he supply operation, which supplies the second |iquid LC using the

second sURPeXinPOhsrédditn. | N the present enbodi ment, when the second
liquid LCB#% sEppF%g% 3}a t he second supply ports 2542, the supply of

Lo ot Bl 0 AR, NG b,
202Dl b TR b S o0 Mgt e
EP}‘g OL{i { n? 5chrgém§4r%68vvqanjnlt%e ?(q{dplgxnaels a?gce? Iglganltilﬂ%ifglelb%éni;g 9 | zrm% smaller
than that of the flat surface 31.
At least part of each of the holding apparatuses 71 is disposed in a
circumferential edge area of the flat surface 31. In the present embodiment, the holding
apparatuses 71 constitute a so-called electrostatic chuck mechanism. The holding
15  apparatuses 71, which constitute the electrostatic chuck mechanism, can releasably hold
the cover member 70.
When the liquid immersion member 4 and the like are being cleaned, the
holding apparatuses 71 hold the cover member 70 so that the cover member 70 closes the
opening 24, as shown in FIG. 10. The control apparatus 5 supplies the second liquid LC
20  viathe second supply ports 42 m the state wherein the opening é4 is closed by the cover
member 70. The control apparatus 5 performs the recovery operation, which recovers
the second liquid LC using the liquid recovery port 47, in parallel with the supply
operation, which supplies the second liquid L.C using the second supply ports 42, In the
present embodiment, when the second liquid LC is supplied via the second supply ports

25. 42, the supply of the first liquid LQ via the first 'suppl‘y ports 41 is stopped.



5The followi ng text explains a third enbodinent. In the explanation
bel ow, constituent parts that are identical or equivalent to those in
t he enbodwmenyi@ssgcussed above are assigned identi cal pgyi#absss7and

t he expl anations thereof are therefore abbreviated or omtted. FIG 11
i ncludes views that show one exanple of2 a preventive apparatus 53C 10
according to the third enbodinent. In_the present enbodi nent, _the
preventive appafththgpresset Wﬂﬂ%@"a“s&hﬂﬂsﬁ&e tonsleam fhedignisdmmgrsion
conpri ses shutter nenbers 73A, 73B that are di sposed between the | ast
optical elmembar 429d theubsieatessiagstlrwhile, aftthgywame tine; preventyrgepataet between
enbodi nent, the shutter nmechanism 74 is provided to a liquid

i mer si on thelssteyptidal elebieinh 19 el the swemt ligndb€i nent, the shutter :
mechani sm 74 conprises: recessed parts 75A, . 75B, which are fornmed in
t he i nner <sthidddmstsodirfiertthe second plate part 23 that define the
openi ng 24; the shutter nenbers 73A, 73B, which are capable of being
di sposed in t he The €ihsel R dxplatiA, thifbEnbddeaaRct itk ¥xplaatombélbwt or S
76A, 76B, which are capable of noving the shutter nmenbers 73A, 73B.°

The recess@dsRanmt pdcBAhhtrd REARE drkqhiRflett Yo Bod@indfle ERPSTimSHE HRGE QA
t he second plate part 23 that defines the opening 24, and the

recessed bl 8Bl MR biindIe and'td eCBabdiBR! 3ib! &€ rebdrotehe

second pl ate part I nes e opening 24. The shutter nenbers
73A, 73B . The shutter nenbers 73A, 73B can be noved
inthe Y %’i(:?g?ia%}d?;g? |o&%gI by the operation of the actuators 76A, 76B.

The shutter ne 73A., 73B are, capabl e of entering and exiti 25
t he recessed pg?f%i}éﬁmdfgﬁww tghog‘b%nrea o] E&#atpﬁee AEFRPEPYS %CA
76B, respectively. . 43 . _For | e, . when.the substrate P is
bei ng WxpaSeRidingyhe i epbodimeiy o BHanPres L DRI BE B P Eh e
recessed parts 75A. 75B, respectively, as sho in FIGI IA The
control appERAYSS3G cempriies & shyticg mephabiomy {4 &ih&\gfceﬂ\vrlaeﬁsmﬁme& Py
ports 41 in.order to formthe inmersion space LS. 5In order to close

t he openi ngB2hatigre dispased betweendhe lestaptical element Fimdthe subgtratpstags badnng

of the liquid imersion nenber 4C and the like, the control apparatus
5 oper at eshe preseatembedimentyda shutgpmeehanism 4 ig proyisied te f Hqwid immefsion
menbers 73A, 73B in the opening 24, as shown in FIG 11B. Thereby, the
openi ng 24mémbecMOsed. The control apparatus 5 supplies the second
liquid LC via the second supply ports 42 in the state
15 ) In the present embodiment, the shutter mechanism 74 comprises: recessed parts
75A, 75B, which are formed in the inner surfaces of the second plate part 23 that define
the opening 24; the shutter members 73A, 73B, which are capable of being disposed in
the recessed parts 75A, 75B, respectively; and actuators 76A, 76B, which are capable of
moving the shutter members 73A, 73B. The recessed part 75A is formed in the +Y side
20  inner surface of the second plate part 23 that defines the opening 24, and the recessed
part 75B is formed in the —Y side inner surface of the second plate part 23 that defines
the opening 24.  The shutter members 73A, 73B are plate shaped. The shutter
members 73A, 73B can be moved in the Y axial directions by the operation of the

actuators 76A, 76B. The shutter members 73 A, 73B are capable of entering and exiting

25  the recessed parts 75A, 75B by the operation of the actuators 76 A, 76B, respectively.



10 wherein the shutter nenbers 73A, 73B have cl osed the opening 24.
When the second liquid LCis supplied via the second supply ports 42,

t he suppl yw@®hoobAssEd rst liquid LQ vi at he first suppl y.P@Q[Jpﬁ,pﬁ@S-,éls,.
st opped. In the present enbodi ment, too, the liquid i mrersion

menber 4C and the like can be cleaned #hile the |ast optical elenent
19 and the second liquid LC are prevented 15 from contacting one

anot her-. . Fopexammlaravhen theﬁugsi@tqﬁ isdeing euprsed ithreshtterembeiny 3 der
menbers 73A, 73B are disposed in the opening 24 so as to close the
openi ng 2473Brayewdispesed iththe sdvasst@ parteetfide 75B,i8shectn3 ), anshobm inl FEpd$Ad

bel ow the flat surface 31 or above the upper surface 25. <Fourth
Enbodi mentThe20ntna apphrkiosd ngppliex thediegt|lmuidd @ viache filet smpblygiontedt in érdert he
expl anation bel ow, constituent parts that are identical or equival ent

to those ito férhethe ifameisiohntpscedisscussed above are assigned identical
synbol s, and the explanations thereof are therefore abbreviated or

omtted In ordeFto@loké tHeSopenik QWwhthdke HRAWSHARRIEXAIILE dRifind the

preventive apparatus 53D 25 according to the fourth enbodi nent. I n

the presenge QBRI ihigerfbE MRMbEVAT afihe like, the control a[pBargtuSS _
2009/ 128554PCT/"JP20097 05/817 44 apparat us 53D forms a ffurd curtain

171 e BT P95 RRR 0% s s A BB REESAN, o
e 72, e it RSB 2ot I ABE AY BB8, S B
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preventive, apparatus 53D perforns a suction operation, which suctions
t he gas udigy kG is supplied via the second supply ports 42, the supply of the first liquid LQ via

the first supply ports 41 is stopped.
In the present embodiment, too, the liquid immersion member 4C and the like
can be cleaned while the last optical element 19 and the second liquid LC are prevented
15 - from contacting one another.
Furthermore, in the present embodiment, the shutter members 73A, 73B are
disposed in the opening 24 so as to close the opening 24; however, the shutter members
73A, 73B may be disposed below the flat surface 31 or above the upper surface 25.
<§‘ourth Embodiment>
20 The following' text explains a fourth embodiment, In the explanation below,
constituent parts that are identical or equivalent to those in the embodiments discussed
above are assigned identical symbols, and the explanations thereof are therefore
abbreviated or omitted.
FIG 127is a view that shows one example of a preventive apparatus 53D

25  according to the fourth embodiment. ' In the present embodiment, the preventive



fluid suction port 79, in parallel with a supply operation, which
supplies the gas using the 10 fluid supply port 78, as shown in FIG
12. Ther elyge 2@ofidseyy of gas is generated fromthe +Y sidergbobdis17
openi ng 24, where the fluid supply port 78 is disposed in the inner
surface of the second plate part 23, tgmard the -Y side, thus form ng
the fluid curtain_77. .. The control apparatus 5_sugglies t he
second | i appgraues§Pdommsan Bud swtrin bl the pisiity ofithejopening24t at e wherein
the fluid curtain 77 is formed. Wen the second liquid LC 15is

suppl i ed vi a t hdn thepmscntsmbpiiynept theprevzntivehappeapis| Sy Dabomptisesfai frusd
liquid LQ via the first supply ports 41 is stopped. In the .
present endopplyperit78, winich & didpesddi cpuheH Y isite isieo surfaeerbfthe 4dooadplatetpart|2i3k e
are being cleaned, the preventive apparatus 53D forns the fluid
curtain 7#hatrefie thpepening 23 4ardrd1did suctiby pprt 89,a4tiich isldespbskdion i -+ sille

el ement 19 and the second liquid LC from 20 contacting one anot her.

Fur t hersnDrignerisirfida ®f He@S@NH pRIEPSEH 1AL dekings the bpehinpW4l ALMthé presént
formed with the gas, but it nmay be formed with a Iiquid. By supplying

a l'iquid (ghsddimdy ke MGHY 2 %ésh?%@ﬁxﬁd'sﬁﬁ;ﬁ} Sore 74 Gpipli@tné F& | ast

optical elenment 19 via the Tluid supply port 78 and sucTioning that

Liauid Vi h . o L S e . Tber 41
iquid via the B%Qﬁ%‘éﬁe{ﬂg@% gSQ\'kEwﬁ%nng?od thétbét 4 i 9Q fHETer 41)

and the |like can e preventing the Tast optical

el ement 19 _and..t he liguid LC from . . .

2006/ 1285 PIREH FRRERS S T8 P e U Mher i vtich pystions the ges using the
Furt hernore,. ., each of e fir t.hr ou fourt.h e di ment s di scussed
Cbove. expi i SREHR Pt Ehn Erp so8 A HER g oReplieh. SRS LPEES he g iTiaR En e
second suppl, ofts 42 are dis h rectangular rin ape,
but t H gr@%%@f)l’?g?'%?%%@%m&‘??@gﬂ%v ﬁ“r‘i@’-‘"sa g‘ﬂ‘é(ﬁ ,gasrléﬁerlﬁiag‘?ﬁ;&%‘gﬂ?
plurality of grooves 29A, 29B, 29C  .291) may be forned around the
flat surfad SISqO%fhﬁowgo% Phere dhecdind suppbppart Hhisdispased ig the e surkiss ed

in each of the grooves 29A-29D, as in a liquid inmersion nenber 4E
shown i n mfthe segond plate part 23, toward the —Y side, thus forming the fluid curtain 77.

The control apparatus 5 supplies the second liquid LC via the second supply

ports 42 in the state wherein the fluid curtain 77 is formed. When the second liquid LC
15  is supplied via the second supply ports 42, the supply of the first liguid LQ via the first
supply ports 41 is stopped.

In the present embodiment, while the liquid immersion member 4D and the like
are being cleaned, the preventive apparatus 53D forms the fluid curtain 77 in the opening
24 and thereby prevents the last optical element 19 and the second liquid LC from

20  contacting one another.

Furthermore, in the present embodiment, the fluid curtain 77 is formed with the
gas, but it may be formed with aliquid. By supplying a liquid (e.g., pure water) that has
little effect on the last optical element 19 via the fluid supply port 78 and suctioning that
liquid via the fluid suction port 79, the liquid immersion member 4D and the like can be

25  cleaned while preventing the last optical element 19 and the second liquid LC from



In addition, as in a liquid inmersion nenber 4F shown in FIG 14, the
groove 29 may be omitted and a plurality of second supply ports 42F
may be di saps@meiaseund 10 the flat surface 31. | n addi pehp0aH0s5419Wn
in FIG 14, the second supply ports 42F may be circul ar. In
addition, in the first through fourth 4nbodi nents di scussed above,

t he second supply ports 42 are provided to-the flat surface 31 of the
|i quid i niePEreRe orsrmseed, that is, they are provided close to the
opening 24. By providing the second supply ports 42 15 to the flat
surface 31, the Fudbhonmerd, pephiod thedirshthronglefourthembaditreots distussathalivaye
easily brought into contact with one another w thout noving any
menber t haxplapedse sxérdadyasse vdptéio dle gedeve@B inbhich the secohd supgtli farts A2
in the first through fourth enbodi nents di scussed above, the second
suppl y pordrsdidposed) haoh rdvamgulhiarinpeshppe) butdRélglodvd IEmhpwere asdivciiaceng 1 of
the liquid 20 i nrersion nenber 4. For exanple, the second supply
ports 42 e BorRikaMpId afpltR1if bfighivees A @9BLUII@0eDGhay hefoifs el at e
part 23 tﬁgﬁjdefinesptﬁﬂpopeﬁ?%g 24, and the second Pfquid LC may be
suppl i ed tpuasduifi@ ARl oAt oARE SecBhd hipplyeReay 'ix?aylﬂeglg%ao_@d-in each of tHe"

addi tion, each of the enbodinents di scussed abové explai ned an

antch condirags QAR Mok LR e WL RRNG 1ol Tt e
2000/ 12856apcr) TAMIEOR BeH R AR AebBrtriitul mtlc 4t tegonitun
L L 15 5 P8 e o S 3 e
cur 1 ack) St 312" it B POURI Five L oplbniong oD Rogk SRATAY o
320, 5 whiich_ is disposed around the first area 31G and has the groove

29; |iqui PercEeddery surfaces 33G which are disposed outward fromthe
first and second areas 310, 32G with respect to the opening 24; and

i nclined surfacbsakign, inthe firshthsoughdpseamtondimentadisqussedtaheve; thesecoad d

second areas 31G 32G with respect to the opening 24. The second
supply supply ports 42 are provided to the flat surface 31 of the liquid immersion member 4, that

ié, they are provided close to the opening 24. By providing the second supply ports 42

15  to the flat surface 31, the second liguid LC and the flat surface 31 can be easily brought
into contact with one another without moving any member that opposes the last optical
element 19.

In addition, in the first through fourth embodimepts discussed above, the second
supply ports 42 do not have to be provided to the lower surface 21 of the liquid .

20 immersion member4. For example, the second supply ports 42 may be provided to an
inner side surface of the second plate part 23 that defines the opening 24, and the second
liquid LC may be supplied toward the optical path of the exposure light EL.

In addition, each of the embodiments discussed above explained an exemplary
- case of cleaning the liquid immersion member-4 (4B-4F), which comprises the liquid

25  recovery surface 33 disposed around the flat surface 31, but it is also possible to clean a



ports 42 are disposed in the groove 29. One of the liquid recovery
surfaces 33Gis 10 provided in one of the X axial directions (the +X

side) andydenwohiizess | iquid recovery surface 33G is proprggphobdhstdie
other X axial direction (the -X side) with respect to the first and

second areas 316; 32G One of the incli#gd surfaces 34Gis provided in
one of the Y axial directions (the +Y side) and the other inclined

surface 34@uid immeEigameanber He asshesyn in HEG B §l6-détis anolligne view ofithie)
with respect to the first and second areas 31G 32G 15The inclined
sur f aces - igBidingneraipa rembef 4Golicvedgrann theflowertsidei(thei-d sid®).net ween

t hensel ves and the front surface of the substrate P during the
exposur e of thelstliEtifat lewer suffaee 2 1@ bf the digsidrifaeeston3dénberd Glias pdistd
at positions at which they are further fromthe front surface of the

substr at e dred (flansurface)fI1Gshizh 6 digpeateraiiiabe Sp@ing34(a sdcond 418€32G,
inclined surfaces 34G are inclined in the Y axial directions so that

t hey bexonghigh Adiposed 28hrINREHG: ABASLG hidKBs iRErb6 R0, Byl a&8vay t he
substrate P in the directions (the radial d| rections) that |ead away

fromthe opthGalsealRicRireldis o?é&%%@ﬂjﬁ rst Lﬁ qwégeoﬂd%éas@@éﬁémes

34G are not capable of recovering the

Surtace 218 BT PR Reanp g Hadigh el %&*ﬁg# spe e from
hat. tyLQgséE%ﬁ%%fd?S&ﬁ?naf HbdiGrrth ‘%‘esﬁ%‘c °”?nen§%c%p' 583k Sdonty
n FI'G 15 s Areciueesd e #gtveanthe o%ﬁ%b@&ac@%&fﬁ%éﬁﬁigﬁ i on
i scus éh"p&g@@@é%g??xf%eafé{at Eﬁé%ﬁttye%%gyéi i GPer ol ot

i mrer si on nenber has .t he upper surface 25, at |east part of which

opposes t Hurfassed3 Gbﬁﬂ’f@eﬁeﬂd% thenthes X il dirgadionfibe -&Kcided Mathappeatdo the

however, a_liquid inmrersion menber 411, from which the upper surf ace
25 has beeﬂrstcmﬁts'z@ad avean3 Ka 320e afaelofithe inclined syefaces 346 igproyidedinene of
shown in, for exanple, FIG 16. For exanple, simlar to the second
enbodi ne ntthe Miasiabéiimgom (EwveY siderdnd memrbuﬂm:mfahe%@ﬁpmvided in the
other Y axial direction (the —Y side) with respect to the first and second areas 31G, 32G.
15 The inclined surfaces 34G are capable of holding the first liquid LQ between
themselves and the front .surface of the substrate P during the exposure of the substrate P.
" The inclined surfaces 34G are disposed at positions at which they are further from the
_ front surface of the substrate P than the first and second areas 31G, 32G are. The
inclined surfaces 34G are inclined in the Y axial directions so that they become gradually
20  spaced apart from the front surface of the substrate P in the directions (the radial
directions) that lead away from the optical path of the exposure light EL.  The inclined
surfaces 34G are not capable of recovering the first liquid LQ.
| In the liquid immersion member 4G shown in FIG. 15, too, the lower surface

21G of the liquid immersion member 4G can be cleaned by supplying the second liquid

- 25 - LC via the second supply ports 42 so that the second liquid LC contacts the lower surface



10 optical elenment 19 and the substrate stage 1 nakes it possible to
prevent the second liquid LC and the |last optical element 19 from
cont act i ngy@@nRy/adzedsher . In addition, in the |iqupdrirsimnsran
menber 4H wherein the upper surface 25 is omtted, the first liquid
LQmay flow via the first supply ports441 as in the first enbodi nent
di scussed above, the shutter nmenber nmay be di sposed bel ow the | ast
opti cal 152 enent 19 as in the third enbodi ment di scussed above, or
the fluid curtain 77 nay be provided bel ow the |ast optical elenent
19 as in the foditherawis dicrstrils af e liquid dmaiseien member 4G apishewn & G ar
to each of the enbodi nents di scussed above, providing a barrier bel ow
the | ast olftdredisclesedrimfor ekamplen Eprogeamtatanh A ppleationiPibligatich N¢C 1865542he
| ast optical element 19 from contacting one another in the present
enbodi nent, t oo FuiRermbid, tdvhofidecdnbedinents discussed ABoveakplaited gn &xeniplary
explains a fifth enbodiment. In the explanation bel ow, constituent
parts tshatcasd whéreiaihd lqid Dimesich e 4 has the ofifer i fdcb 25 efastiparvf s

di scussed above are assigned identical synbols, and the expl anations

thereof arghitRepREQ e ARGEEH SAERL 201f 114t BfticalSEAEH 197 hdwifer, a liquid

enbodi ments di scussed above expl ai ned an exenplary case wherein 48

t he secon i i o TNTIe e [Si

rombor 4 Fonnge) mehe et SRl Fakh BAGHH el BB R

enbodi ment r i Is C u s 42J
LRIV B SR EEbSoi. Rl BT 18R LeBg

are provid’ 0 a prescrib ose a position

at which it oses the | r surface 21 of a |iqu.d .imers menber
2. 571 & efERE RN BBt Ushid e Aapbd BRI o U
EX according to. the fifth emhodinent. In FI.G 17 a nmeasuyrenent, stage
23 condr s@gcalﬁéenge@%ﬂldsthw g ipes kes pasfible 8 PERVEBAREHTH t he
upper surface 14 of - the neasurenent stage 2J. The second supply ports
42J are cdisal écami%b@&?ﬂ&%@n%mﬁmw&e@@anw%% li quid’

i mmer si on nmenber 4J. The second supply ports 42J are connected to a
10 second suppl Y2 adsitignainthe hguid inmersiopanenabes dHywhesein theReper seeagseindsy
45J conprises a supply passageway, which is formed inside the

measur emerfmiged dle st LoublQ mypwdtrayeiadhe firgksupply iperts 4} arcld therfrsh a suppl y
pi pe that connects the supply passageway and the second supply

appar at us efthddiment discussed above, the shutter member may be disposed below the last optical

15 elément 19 as in the third embodiment discussed above, or the fluid curtain 77 may be
provided l?elow the last optical element 19 as in the fourth embodiment discussed above.
Thus, similar to each of the embodiments discussed above, providing a barrier
below the last optical element 19 can prevent the second liquid LC and the last optical
element 19 from contacting one another in thg present embodiment, too.
20  <Fifth Embodiment>
The following text explains a fifth embodiment. In the explanation below,
constituent parts that are identical or equivalent to those in the embodiments discussed
above are assigned identical symbols, and the explanations thereof are therefore
abbreviated or omitted. |

25 Each of the embodiments discussed above explained an exemplary case wherein



In the present enbodi ment, a preventive apparatus 53J conprises the
cover 15 menber 70, which is for closing the opening 24, and the
hol di ng appabc@buses: 71, which rel easably hol d the covepciBHIesus787 as
expl ained in the second enbodi nent di scussed above. Furthernore, in
the present enbodi nent, too, the first48iquid LQ may flow via the
first supply ports 41 as in the first enbodi nment di scussed above, the
shutt er nehBEFCORAFURRY RArSJ8 eesrisposestindhraliquid immersiop emberfidiotveyy, the
in the third enbodi nent discussed 20 -above, and the fluid curtain 77
may be pr oshathsterisies e differentiatas thpfiftlc embedimantfrom the gther pmbeimpris kst that
enbodi ment di scussed above. The control apparatus 5-by

per f or m ngsectnsl supply\perty 4Dpee providad tospreseribed member, whizh sedisprded atqui d
LC using a liquid recovery port 47J disposed in the liquid i mrersion
menber 4J, pasitiopat evhichlit appbddes dhedonogr! syrfaqeed 1adfiadignidirinedisisumpimbastyt he
second liquid LC 25 using the second supply ports 42J, in the state
wher ei 15 t he | oWEIGSMI it a¥RwlthatGhow§ieénd dxgmiipld of Woexposure apparatus EX

2009/ 128554PCT/ JP2009/ 057817 49 i mmersi on nenber 4J opposes the

second sUPRLyrdRRth shedtth chisdRsesl 118 HIGEI AR Hfé%s&éiﬁéxﬁ@ﬁgelﬁ @38 the

measur enent stage 2J-can clean the | ower surface 21 of the l'iquid

i mrer si on . : .
2J, and tﬁ%g I g?ﬁéﬁ?# g?ggﬁg?aﬁﬁgﬁgﬁggéﬁ?gﬁﬁ%oﬁlnen?Hggg?g%ﬁ§£ ant
exenpl ary wh i i d.dn
t he’ measur’e %?’s?%§%£§§ﬂ58@F$§ﬁ§&§é§%%§£§&§gF@ﬁﬁééﬁgﬁﬁﬁﬁ ugﬂﬁﬁgﬂg;ed
in the substr.at.e.stage 1. rf.Qrm.ng .t he.recover,y _operatiaqn, which
recovers t %L 'élgon ¢ fodlulfle %&Qﬁsiﬁlﬁ t %(gldlsfl%ﬁ}? Ho%e‘gig\?reer(g?nﬁ%cﬁdg? %in
| ith th I i whi ch | i h i qui
G tsi Tl ieondnbnl SBiRsiieg R & PsiaatpRE St aitie RRSPRaNRY ORLOTIER S
surface 21 of the liquid | si on er .opposes the_ 10 second
suppl y por%ugplymseﬁevaaryewwgme%di ipsidibe mepae %ﬂiﬁf&&f‘eﬂisn& PaspRgeway,
substrate stage 1, it is possible to clean the | ower surface 21 of
the i qui dwhlﬁgrtsrféﬂ’éﬁil frsnrB sypply pie thapeannegsis thg sepplepassageray auhibe pesord

stage 1, and the |ike. In addition, in the present enbodi nent,
t he secondsupplyppyarpivs #6).t hat supply the second liquid LC may be al so
provi ded in advance to the liquid i mersion nmenber 4J, 15 and the
second supply pdnths ppésentrembodignent] aiprevenivecapparetu 68J coinprisys thecaeed i n
parallel with the second supply ports 42J of the prescribed nenber
(t he n¥asuneanbat70swvhigk isXontlosinigdthe opdring 24)and theibslditgspparathset 7 1awhich
position at which it opposes the |lower surface 21 of the liquid
| MTEr st on eRARGIy ibld the cover member 70, as explained in the second embodiment discussed
above. Furthermore, in the present embodiment, too, the first liquid LQ may flow via
the first supply ports 41 as in the first embodiment discussed above, the shutter member
may be disposed below the last optical element 19 as in the third embodiment discussed
-20 above, and the fluid curtain 77 may be provided below the last optical element 19 as in
the fourth embodiment discussed above.
The control apparatus 5—by performing the recovery operation, which recovers
- the second liquid LC using a liquid recovery port 47J disposed in the liquid immersion

member 4], in parallel with a supply operation, which supplies the second liquid LC

25  using the second supply ports 42], in the state wherein the 10wér surface 21 of the liquid



Furthernore, in the first through fifth enbodi nents di scussed above,
the first 20 liquid LQ or the second liquid LC, or both, may be
recover ed wigbgagy1®sdg qui d recovery part di sposed at a pesrhirRi@ts:7
which it opposes the | ower surface of the liquid inmersion nenber,
either with or without using the liqui4P recovery port 47 (the liquid
recovery surface 33), The liquid recqovery part disposed at a position
at whi ch imSERIRBEMPEH apReses thsroea S@ﬂp¥xmﬁ|42ad1sa°%e the uBpeT SRS
can be provided to, for exanple, the 25 substrate stage 1 or the
measur enentt o thgjacasuregenbyags. 21—nan oloaothe kewn sutre 2bef 0s/ g kgmmagon
Furthernore, each of the first through fifth enbodi nents di scussed
above explmémized 4hrthevpnepbufage thobtheisasirgment gagsdl piskidie lkevber (e. g.,
the substrate stage 1, the nmeasurenent stage 2, or the dumy )
substrate DP) i Fudhamosse thegtresantnshotiingnt explaididcin eixemplaposes whéreinl thme r
surface 21 of the liquid i mersion nmenber 4, the second liquid LC 5

I's suppl i egdednd stifysly pPBc42]zed dEeRed ifehd MY Grefishf A 23, 1bud thet saconidisqppll
i mrer si on nmenber 4 and the prescribed nenber, and the inmersion space

I's t her ebypobt hid® e HispBseti g the@aBdtel stagblit 0 BEperfeinBNEihe r@tdvéty Spetas&t

above, if the I1quid recovery part is disposed at a positign at which

It 0ppOSesyHiflfreb MRS ths YcbAG Ball LT Ridg i Miglid FoIBYes) PoSTRIREAlle] (B e he

second liquid LC may be sprayed frombelow the liquid i mersion

For. exanpl S0y FRUaton NB bR AR IELETC Lind B8 bt Sl S

for exanpl €] openi n

addition, @5 3hERtehle TR Surthde 2108 te 1 QAR E QY PI¥mBE dppbsts the

10 second supply ports, which are disposed in the upper surface 13 of the substrate stage 1,
it is possible to clean the Iower surface 21 of the liquid immersion member, the upper
surface 13 of the substrate stage 1, and the like.

In addition, in the present embodiment, the second supply ports that supply the
second liquid LC may be also provided in advance to the liquid immersion member 47,

15 and the second supply ports of the liquid immersion member 4] may be used in parallel
with the second supply ports 427 of the prescribed member (the measurement stage 2 and
the like), which is disposed at a position at which it opposes the IOWG.:I surface 21 of the
liquid immersion member 4J.

Furthermore, in the first through fifth embodiments discussed above, the first

20l liquid LQ or the second liquid LC, or both, may be recovered using a liquid recovery part
disposed at a position at which it opposes the lower surface of the liquid immersion-
member,I either with or without using the liquid recovery port 47 (the liquid recovery
surface 33). The liquid recovery part disposed at a position at which it opposes the
lower surface of the liquid immersion member can be provided to, for example, the

25  substrate stage 1 or the measurement stage 2, or both.



di sposed at a position at which it opposes the | ower surface of the
i quid i mersion nmenber, then the second liquid LC may be suppli ed,
for exanplyp 200bzskfye |1 quid recovery port 47 of the |i guvGpdoidrRegikoN
menber. 15 <Si xth Enbodi nent > The foll owi ng explains a sixth
enbodi ment. In the explanation bel ow, $®nstituent parts that are

i dentical or equivalent to those_in the enbodinent di scussed above
are assi gned i ddmthermors gaahfsbe fisithraweh &fth embadimsnis dissessedaboye e

t herefore abbreviated or omtted. 20As shown in FIG 18, in the
present entroliinednan exénoplaiyregseapiraciarpsessrilit maniter ke.g othe sulistrate stage 1,

el ectrostati c chuck mechanism are disposed in parts of the flat '
sur face 3lthe Tivesumphaik stggesl) rof dhealuoimesubbtraié DPhiz dispbetidraga ppgidonedt sdidch 71
is disposed within the same plane as (flush with) the flat surface
31. The hoit dpprgesahpmat sisse Z1 of tk tigsidinyneRidndnémnbed 8] B6 kecordd ligid IO St
supply ports 41 are connected to a first supply apparatus 144 via WO

2009/ 128554 ReppidPRONO LS Bdikeilthp a5hR ey 21 $Bthe THBidiinkrieksiGLiRBnYer 4
apparatus 144 is capable of feeding the first liquid LQ which is

pure and tSARRY FEierBeAbMBLCshd (RehnASRA PRV h4sbF FRED JAR 1R sstthal ¥
passageway, which is formed inside the liquid i mersion nenber 4, and
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liquid L . & ' 1 i S . i

T
41 . ' I qui . L ne . fi
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ports 1%2 alE)\.everCson aceec eel.‘acsjotI ig tt?e ssta?tg \?v?lgreisnl;j Porr)'leXalgﬁg,atﬁg gﬁje%iné 9& iél ::Igsed by the .

cover member 70, In addition, as discussed above, if the liquid recovery part is

disposed at a position at which it opposes the lower surface of the liquid immersion
member, then the second liquid LC may be supplied, for example, via the liquid recovery
port 47 of the liquid immersion member.

15  <Sixth Embodiment>

The following explains a sixth embodiment. In the explanation below,

constituent parts that are identical or equivalent to those in the embodiment discussed
aboye are assigned identical symbols, and the explanations thereof are therefore
abbreviated or omitted.

20 As shown.in FIG. 18, in the present elﬁbodiment, holding apparatuses 71, which
constitute an electros-tatic chuck mechanism, are disposed in parts of ;Lhe flat surface 31.
The holding surface of each of the holding apparatuses 71 is disposed within the same
plane as (flush with}) the flat surface 31. The holding apparatuses 71 releasably hold an
object.

25 The first supply ports 41 are connected to a first supply apparatus 144 via



10 passageways 45. The second supply apparatus 146 is capabl e of
feeding the second |iquid LC. Each passageway 45 conprises a supply

passagewayo WoyeRRsdss fornmed inside the |iquid i mersi opciyspdenysds17and
a passageway, which is fornmed froma supply pipe that connects the

supply passageway and the second suppl3jl apparatus 146. The second

liquid LC fed fromthe_second supply apparatus 146 is _supplied to_the
second supRPSREE%RYSERt STE‘Z%{SF]?‘@HQWPP%“BA% &g@ﬁﬁ)}rsofz{s@mﬁ@e Set bawd LQ,

supply ports 42 are capable of supplying the second Iiquid LC from

t he secondvkighis purepddempuaturesadivseda E wetwryet? comprisesviesupBlir f ace
21 of the liquid.imrersion nenber 4 and the front surface of the

pr escri bedpassagbary, which infopwstsidn dhellmwet inguprfiar medber 47T hwd & pasageway,

bet ween the | ower surface 21 of the liquid i mersion nenber 4 and the
front sur fwitieh sffotnird fpone s supphepip® thatenmhects thaclppde gastdpewhypavel the fieke
space 28. In addition, the liquid i mersion nmenber 4 has a

|i qui d 5r ecypplywppeaths 444, Ve Gist liguid apted dropd the €ieq aply\ghphiabisi1d4 isThe
| iquid recovery port 47 recovers the liquid on the prescribed nenber

that oppos@pplidao RVt sapgﬂg 8618 Althfugh BR fabdigéways MBI PhOfsTRPEB pofts
The liquid recovery port 47 is disposed at a prescribed position in

the Iiqui i Sl ]ﬂpgg i gggﬁgq : ce
of the suggﬁgg.ﬁﬁﬁgﬁﬁﬁﬁﬁli qu?@nﬂ%éﬁg%gg%%%éj54PCT?§S%%%8 %%@ ?@ngé

recovery : i sposed outward fromthe flat surface 31 and the
second su%%%émﬁ%¥$§E%?(the second area 32) with respect to the

optical path of Tth gec%ﬁt? g@?!ﬁpé)l}'t;s/ QE tareEclbﬂl}e-lt_:rt]eeﬂth %rsgc%%d glgpn?}fe %3@%:%8#5%,{4% via

di sposed in the TTqui ( port e I"ower r e e
RN Mt )L RN RTINS, 51 N TS MR
RTINS R MR TNl
D 1 il Rgie Moimersion mecnier 4, and 3 passegewin, which s fomcel oM a Sopply pipe.
that connects the s_upplsr passageway and the second supply apparatus 146. The second
liquid LC fed from the second supplsr apparatus 146 is supplied to the second supply
15 ports 42 through the passageways 45. The second supply ports 42 are capable of
supplying the second liquid LC from the second supply apparatus 146 to a space between
the lower surface 21 of the liquid immersion member 4 and the front surface of the
prescribed member that opposes the lower surface 21.  The space between the lower
surface 21 of the liquid immersion member 4 and the front surface of the prescribed
20  member includes the lower side space 28.
In 'addition, the liquid immersion member 4 has a liquid recovery port 47, which
is capable of recovering liquid. The liquid recovery port 47 recovers the liquid on the
prescribed member that opposes the lower surface 21 of the liquid immersion member 4.

The liquid recovery port 47 is disposed at a prescribed position in the liquid

25 immersion member 4 so that it opposes the front surface of the substrate P. The liquid



suctioni ng. The passageway 48 conprises a recovery passageway, which
is formed 10 inside the liquid imersion nenber 4, and a passageway,
whi ch is fyab aRelidssm a recovery pipe that connects thepgeGPessis17
passageway and the first |liquid recovery apparatus 149. The liquid
recovered via the liquid recovery ports27 (the liquid recovery
surface 33) is recovered by the first IiHuid recovery apparatus 149
t hrough t HECyEEsRATENRI disgosedmufvasd fpmithmilatispariages 1 and Shafecandisupplyrpents
the liquid i mersion nenber 4 has openi ngs 50, which are disposed in
t he vi ci ni43/thefsecdnd angapl)) vaibdespsgide thedbtical pathiof therexpesure kgl 58i nEhe |,

t he openings 50 are provided on opposite sides (one on each side) of
t he opti caporgumtrhenotier LA és disypoadinehd liqyid reEdvernpdrh47. X Bheilawerdiurfeataf dres .
The openings 50 are connected to a second |iquid recovery apparatus
180 vi a pagssagenayisr 31 dispbed 20ths ¢iqoid dedovepyi pdrtr4gdoihe Niyuidapevatylsarfddd0
conprises a vacuum system and i s capable of recovering the liquid by
suct i oy ng33. Each of the passageways 51 conprises an interna
passageway, which is formed inside the liquid i mrersion nenber 4, and

a passageway, WingMNiqhid b QVER Dol 1ia{1iaffeéok}%g 'sﬁﬁﬂ&ejsg% dofifectdatig nal

passageway and the second Iiquid recovery apparatus 180. The liquid
recover ed yid; 'aﬁﬁr [ qggg t ' L.qui d
recovery a%jps)g} ?ﬁrg%l%g‘} |aat e14[§)g§sas geﬁa/ggga)g 8 Ir;lglr§= %ﬁgﬁﬁgfraggcoivhﬂ 53
vacuum sys f nd_Liquid. r r us. .1 0 not
nave to ) repais 1 S fRRRD R SRR R ckpPBE BLRrAE Hhe HB5RIAE
enbodi nent, a passageway sw t chi ng nechani sm 81, which conprises, for
oxanpl o el rath ERteesay I sPOpRERA o Gy AR, WERP LT Yy o
51. In the present enbodi nent, en the liquid recgvery operation
Uhat (des HEe Beland mmseien membirdr siapsiateyes. M s fiet Berry
performed, the cgontrol apparatus 5 fornms an openigg in part of each
of the padeeRyEw:RRe that qounectyiie FcPYsRyPasrrEcEaY prdkibe Aast Aguiddexemnay

swi tchi ng nechani sns 81. The openi ngs of the passageways 51 are

di sposed iampaatugxtdr nkie ligyidiscqvaradiveathe Havid renenersioprivigthe digridaenesiery 10
the liquid i mersion nenber 4 (the i mrersion space LS). Nanely, in

t he preserwriecesiddismeenveredibarthe fiest liquiditedoves apparajusold@rtbroighntbe hat  uses
the second liquid recovery apparatus 180 is not being performed, the

passagewaypassag¢wedyi48g nmechani sns 81 are controlled so that the
openi ngs 50, which are disposed in the vicinity of the upper side

space 136, and t lveadiditéon, (Othe pesénd empéadimagieie Yiguidimnwidiehmamberdi imposed
in the external :
openings 50, which are disposed in the vicinity of the upper side space 26. In the
present embodiment, the openings .50 are provided on opposite sides (one on each side)
of the optical path of the exposure liéht EL in the X axial directions. The openings 50
are connected to a second liquid recovery apparatus 180 via passageways 51. The
20  second liquid recovery apparatus ISO comprises a vacuum system and is capable of
recovering the liquid by suctioning. Each of the passageways 51 comprises an internal
passageway, which is formed inside the liquid immersion member 4, and a passageway,
which is formed from a pipe that connects the internal passageway and the second liquid

recovery apparatus 180. The liquid recovered via the openings 50 is recovered by the

25  second liquid recovery apparatus 180 via the passageways 51. Furthermore, the



15 space, are in conmunication with one another. In the present
enbodi nent, the external space includes the atnospheric space.
Accor di nghyo 200bverksisdhe |iquid recovery operation that usesgblieseaond
|l iquid recovery apparatus 180 is not being performed, the upper side
space 26 and the external space (atnosjyheric space) are in

communi cation and the upper side space 26 is open to the atnosphere
via the paeeugesigiem ofithe seand enidirecpyrsy apnseatusl@0 siogroncs havedo 18l yisds
not have to be brought into communication with the external space
(at nospheniacuwppea). when the |iquid recovery operation that uses the
second liquid recovery apparatus 180 is not being perforned, and, in
this case, the pasbageindliGslf, ircthe peesers embhndiswst, 8 passageviag switthinged.
One exanpl e of an operation that forns the i mmersion space LS with
the first m&hhdishiiBl, WiQchidrhprizeyy firexamplepa vttt mdchahiomisidisposadrir esch@f
space LS, the control WD 2009/ 128554PCT/JP2009/ 057817 54 appar at us
5 uses 5t hgnd fsa{s%geﬁas&mly BPthe preddnt lembsdiRRhY whbe1lelligaid rbddtytbpefatib® t he
optical path of the exposure light EL. Wien the first liquid LQis
bei ng supRhdtGtss thd\@cGRINIquR] reBRRAF E}%ﬂﬁt& 19D $PRR BSink PEFRARAGHE B&firol

menber at a position at Wwhich it” opposes both the energent surface 20
S i mor s; apPamu & Ry ofRE g B AOCLAR R BURLAE3 1 B Bt 1]
Chrough | RETBRS IR faapletyRY SOkt heubfimsel R BHLLRAF Y
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energent surface 20 of the |ast optical, elenent 19 and _the front
surface ofembrdimsabaden Bisdionishmseqverysoreration thafpges thegecond ligpid reeayey LQ
In addition, in the present enbodinent, the control apparatus 5

per f or ns teppargipet &} is oat keing peclowasd. thy nebsagewayswilchiggimechaisms &Hopre he
liquid recovery port 47 in parallel with the operation of supplying
the first contplled st Gatithicogenings 50, which argabisppsgointlee vdinity\of the upper side

space 26, and the openings of the passagcways 51, which are disposed in the external
15 space, are in communication with one another. In the present embodiment, the external
space includes the atmospheric space. Accordingly, when the liquid recovery operation
that uses the second liquid recovery apparatus 180 is not being performed, the upper side
space 26 and the external space (atmospheric space) are in communication and the upper
side space 26 is open to the atmosphere via the passageways 51. That said, the upper
20  side space 26 does not have to be brought into communication with the external space
(atmospheric space) when the liquid recovery operation that uses the second liquid
recovery apparatus 180 is not being performed, and, in this case; the passageway
switching mechanisms 81 may be omitted.
One exémple of an operation that forms the immersion space LS with the first

25  liquid LQ will now be explained. To form the immersion space LS, the control



15 |l east sone of the first liquid LQ on the prescribed nenber
contacts the liquid contact surface 33 (the | ower surface of the
por ous nmerp@koed/(ss@nd i s recovered thereby. The first bprgypRodsadihat
is recovered by the Iiquid recovery surface 33 is then recovered by
the first liquid recovery apparatus 189 through the passageway 48.
By perform ng the operation of recovering the first |iquid LQ using
the |i qui dapperafusSoises e Fait supply partsid i synply the dirst dimeid 38xto4he emical path
supplying the first liquid LQusing the first supply ports 41, the
cont rol- appithetxposse bight Blor iWhenethe first lighid h.Qsis eing sepplied, ithe ¢atrbl r st
liquid LQ between the |ast optical elenent 19 and the liquid

i mer sian appataals S4isposasnie pesteibedahetober g4 a ssitiobacvinegnib epposes Holtethet her
si de. In the present enbodiment, the control apparatus
Scan . sync hemergeiss byt 2020 of the 1dbopticatsdléraért 19 aAd the lovididuifite IR IRERNT
stage 2 in the X and Y directions with respect to 55 the | ast

opti cals el piRatiod fheitibet £, Bie firkQiqSRNEQ HAB fed BHKIROGLNR ﬁl%? Alus 144
surface 20 of the last optical elenent 19 to oppose eltRer e upper

surface 13isghnleiHP Bk Sl ASRd91 Iudhigt 8 pHRRRASYEL 20 HiyShodihe

measur enent stage 2, or both, In.the state wherelih one I hear

d f t f s 1 ) h
oo 5 s RESp e Bhiabia 120 1d s Bt Shfte 56 2Pl n BRI EQHowle®
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liquid can_nove fromthe upper surface 13 of the substrate stage 1 to
the upper ©¢prsgibed megroer [dilled with st liadkQ- 2, or from the upper
surface 14 of the neasurenent stage 2 to the upper surface 13 of the
substrate stage Inaddifep, insthe present gmbodiment, thewqRiae) @pparatvh & perfeymis hec an
be prevented. In the present enbodi nent, when the substrate P is

bei ng expospsthtion pfugcovesing thedirstlguid Igfd using GediquidrecovarymeatsAirie peratlel s
being performed with the neasuring instruments C using the first

| i qui d LQ withhthe opgplion affsupplging dedivet liquitlii.Q ukitg Wheefirstsapse ponod s uppl y
ports 42 is stopped. In addition, when the substrate Pis to
be expissedeass songe dfhiRe fitst Bduid LQUintthé fesdribell Bfeniben@atidtseRElinid onitAt be
performed with one of the measuring instrunents C using 20 the first

liquid LQ sutfage 3800 lowbRriersieh?forbss MARRR D7) andiib RcalIRERERFE ViTR
t he passageways 51. The exposed substrate P is then unloaded fromthe

substrat e gtagRidEQ it & d&dvered by the liquid recovery surface 33 is then recovered by the

first liquid recovery apparatus 149 through the passageway 48.
By performing the operation of recovering the first liquid LQ using the liquid
20  recovery port 47 in parallel with the operation of supplying the first liquid LQ using the
first supply ports 41, the control apparatus 5 can form the immersion space LS with the
first liquid LQ between the last optical elemeﬂt 19 and tile liquid immersion member 4
on one side and the prescribed member on the other side.
In the present embodiment, the control apparatus 5-can synchronously move the

-25 - substrate stage 1 and the measurement stage 2 in the X and Y directions with respect to



to unload the substrate P fromthe substrate stage 1 after the
exposure, the control apparatus 5 noves the substrate stage 1 to the
subst r at e vax eagiges40si tion. Wien the 25 substrate stagerdpiogisosibe
noved to the substrate exchange position, the control apparatus 56 5
noves the measurenment stage 2 to the eXposure position and forms the
i mersion space LS with the first liquid LQ between the | ast tical
el enent 19hejsst antigaliclemang 19 whide. 8 e sarac e, causing B emsragat salﬁ%lcqf{ho
measur ement stage 2 on the other side. The control apparatus 5 uses
t he transgbe lastspsiedplament 1Y appedseitbibe uppes silsface 43 of e subsiratelstag6 1
substrate stage 1, which is disposed at the substrate exchange
position. orthe uppefl'sueface;)lﬁ oithe mppareatensstégesd, oc bathj indhoystge mhemeimone of

i mer sion exposures on a plurality of substrates P by repetitively
per f or m nghé ligealr edi@s nfithe pppea kiudare 19/hf the shisade stdpe 1mb ohe of the RngaF i or
to its exposure, the exposure operation, which exposes the substrate

P, and st he:dgé¥ Fakll WipePfefadd l@difth&%bé‘dﬂrdﬂiﬁnﬁﬁd@e 1 6 beotpRsia ;ﬁrbbbﬁﬁt? ate

P. 10Thus, I n the present enbodi ment, during the exposure of th
subst r at € Rrtabf\gitll drfeStnothiefidd #atlaQ %%ﬁﬂéoftﬂb‘fdlbélﬁk 118Bid teleeR hﬁrr%%t
19, the |IC]UId i mrer si on nmenber E the substrate stage 1 (the plate

menber T),, e?[ﬂ@rr]:}'l ék’ﬁgﬁ of
t he substre?te e?%tn I's possl bl e that gﬁgﬁggugmaﬂe&gﬁ%@%@ggﬁ@gs
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suspended ip mdair will intermix with the first liquid L and adher e
to the | owsbstetstaged to fhegippe P?%ﬁ%ﬂ?%ﬁm%ﬂaa%ﬁém 9 4PPPhe
foreign matter (contaminant) is left in a state wherein it adheres to
the | ower sytfpqeddeofshe measpigment taged tp theaippriomriresdsieof the subpleaie stage Is
possible that that foreign matter will |ikew se adhere to the
subst r at e apd.chf tiersgma timex e of the ligiid|cag bepegmented.e the first liquid
LQ supplied via the first supply ports 41. As a result, exposure
failures coul d &cthapresentiembsdinfeot, whriathplsebstriated” ig bring akpased wdfingithé ict S
in the

15  liquid LQ or when a measurement is being performed with the measuring instruments C

using the first liquid LQ, the supply of the éecond liquid LC via the second supply ports
42 is stopped.

In addition, when the substrate P is to be exposed using the first liquid LQ or
when a measurement is to be performed with one of the measuring instruments C using

20 - the first liguid LQ, the upper side space 26 is opened to the atmosphere via the

passageways 51.

The exposed substrate P is then unloadeﬂ from the substrate stage 1. In order
to unload the substrate P from the substrate stage 1 after the exposure, the control
apparatus 5 moves the substrate stage 1 to the substrate exchange position. Wheh the

25  substrate stage 1 is to be moved to the substrate exchange position, the control apparatus



25 pattern forned on the substrate P. WD 2009/ 128554PCTOP2009/ 057817
57 In addition, it is also possible that the energent surface
20 of thewW@sfwepsical element 19 wll be contam nat edpci‘/f]pjub'lﬁ)q7317
energent surface 20 of the last optical .elenent 19 is left in a
contam nated state, then exposure failifres could occur. Accordingly,
in the present enbodi nent, the control apparatus 5 cleans the |ast 5
optical elxmayRs thomesyremeat staged ta thesrpesrappsiionsad forms daimmes wHoro a
prescribed tim ng. Next, one exanple of a method of cl eaning
the | ast opededa] wish thedrst Imgldaldab@menﬂrqdﬁsdommhd@nmlﬂénd)én liquigi | | be
expl ai'ned, referencing FIG 22 and FI G 23. As shown in FIG 22,
when t he diwmﬁimgmpmbcte‘b@l dre sbleiangd theendasumment stagd @ romthsothetsidst eTDP i's
held by the first holding part 15. The dummy substrate DP is a nenber
10 (a cl eaontislmpparytul Hakesithe tarsporngisteht torintdaé tisdxpbded sebshateTeftorh die
exposure and that has a high cleanliness level that tends not to

rel ease - f gubitaRk stdetiowhichhedispdsal ftahe Sbapge Ofchidye pyiy, substrate DP
is substantially the same as that of the substrate P, and the first

hol di ng part 15T6@Bod#)l SpPalfusHiiRVesSVAS DERESs DRmERGorCQPbERes sppar at us
5 di sposes the substrate stage 1 or the neasurenent stage 15 2, or

both, so tﬂ\ﬂ-rﬁ%ﬂgtof&mﬁﬂ wﬁe ﬁé&elfﬁ% Jn@@l@(ﬂh%agﬂ&m hhéAAY
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liquid LQ contacts the last optical element 19, the liquid immersion member 4, the

substrate stage 1 (the plate member T), and the measurement stage 2.
During.the exposure of the substrate P, it is possible that a substance (e.g., an
organic substance like a photosensitiye material) produced (eluted) from the substrate P
15 will intermix with the first liquid LQ. It is further possible that the substance that
intermixes with the first liquid LQ will adhere as foreign matter (contaminant) to the
~lower surface 21 of the liquid immersion member 4. In addition, it is possible that,
along with the substance produced by the substrate P, foreign matter suspended in midair
will intermix with the first liquid LQ and adhere to the lower surface 21 of the liquid
20  immersion member 4. If the foreign matter (contaminant) is left in a state wherein it
adheres to the lower surface 21 of the liquid immersion member 4, then it is possible that
that foreign matter will likewise adhere to the substrate P during an exposure or will
contaminate the first liquid LQ supplied via the first supply ports 41. As a result,
exposure failures could occur such as, for example, the generation of defects in the

25  pattern formed on the substrate P.



menber T) is disposed so that it opposes the second supply ports 42.
Furthernore, during the cleaning operation, the upper surface 13 of
t he subst nad sia8a 1 and the upper surface 14 of the ppaSPHIRIRRS17
stage 2 do not have to be proximate or in contact with one another.
25As shown in FIG 22, in the present egsbodi nent, when the liquid

i mersion WO 2009/ 128554PCT/ JP2009/ 057817 58 nmenber 4 and the |ike
are bei ng cl eand@iadditiaipitds alprepassibletbatitke emergrns s fdcn 20 nbthe fast eplicabat h
of the exposure |ight EL between the substrate stage 1 and the

enmer gent salethent ¢9 2all bé cantraminated. dfthecalergntsefate 2Wof thit astoapliez] etepmdner
70 is held by the hol ding apparatuses 71, which are disposed in the
fl at surf aldds Bft in Azontesiasslathtq ienexpodne: faiblirds exgldboppar at uses 71
constitute an electrostatic chuck nechani smand can rel easably hold
the cover nenbecddidinglyeincy presdi BiBGdifENY, the bR BPFdrfak § Eleddi€he last
hol di ng apparatuses 71 by a transport apparatus (not shown). The

hol di ng appatateltnft lafachéllighie ifR¥BIonTRHARE 4 GboPding RA prefBibOPBRINRY

24 is closed thereby. The cover nmenber 70 is plate shaped. The cover

nenber 70 has ameYpBRs ex]aglg)%ﬁff aa}ﬁflhtgfof éi\g.irf?@tdfl]eslaﬁ%ﬁ@l CleRlenORAAI I

the flat surface 31. The erna ape o e cover nenber 70 Wthin
t he XY pl « - : j ld.er than
that of ¢ natjd S liBFnelrbalh bifbe ikl RREAI H6 WAL, ha
it closes the openjing 2 a f.irst space 91 between the |ast

opt 1 cal el enent 2t ghah TG EE Sn el diap P3G et s BEREERIprindS o Blmy
bet ween the, co r 70.angd the s traté,stage .1, The [first
opace 61 CORPRI-RR SRty she At otk patd S, 6 ThenhiR Sudtg fh i p sintes
conprises the | owe i_de. space 28. The control apparatus 5 supplies
the fil0st Qe Hleﬁl&frs oot ﬁégﬁﬂi‘*P‘s‘%"YE Hiecubmie ] used exposwemdéleatiga-m| y
ports 41 and supplies the second liquid LC to the second space 92 via
the 20 sedvgitcleanipesy lqyel that tands nphtorrelsass fpspigagnatise  fibe sktemagehage pidhe o

the first space 91 in_the state wherein the
dummy substrate DP is substantially the same as that of the substrate P, and the first

holding part 15 can hold the dummy substrate DP.
The control apparatus 5 disposes the substrate stage 1 or the measurement stage
15 2, or both, so that it opposes the last optical element 19 and the liquid immersion member
4. In the present embodiment, the control apparatus 5 disposes the substrate stage 1 or
the measurement stage 2, or both, so that it opposes the second S‘tlppl}.’ ports 42 in the
state wherein the upper surface 13 of the substrate stage 1 and the upper surface 14 of the
measurement stage 2 are brought into proximity or contact with one another. FIG. 22
20  shows an example wherein the uppe;r surface_ 13 of the substrate stage 1 (ﬂle plate
member T) is disposed so that it opposes the second supply ports 42. Furthermore,
during the cleaning operation, the upper surface 13 of the substrate stage 1 and the upper
surface 14 of the measurement stage 2 do not have to be proximate or in contact with one
another.

25 As shown in FIG. 22, in the present embodiment, when the liquid immersion



cover nmenber 70 is disposed in the optical path of the exposure |ight
EL, the control apparatus 5 controls the passageway sw tching

mechani smsv@ivvenzkssdhe second |iquid recovery apparat us pt80rmogos7817
perfornms the liquid recovery operation using the openings 50. 25 The
first supply ports 41 supply the first38iquid LQto the first space
91 so that the fjrst. MWD 2009/ 128554PCT/ JP2009/ Q57817 59..liquid LQ
contact s t'ﬁgmgﬂe‘#ﬂ@r{‘?e Weary “éngzée%ﬂ t%‘é)v?%@?mggti (or:) IS@SEWE Rficalry e
first liquid LQin the first space 91 is recovered_ via the openings
50. Patly of the exposE %L%Wﬁwg? sybstate siaes bpndiihe srgtegat syrface
performs the recovery operation, which recovers the first liquid LQ
usi ng t he efibnlasippticy elemenptl: alThe covirmembge 76 ishglihyihe beldingiapprratages ch
supplies the first liquid LQusing the first supply ports 41. As
shown i n Fligwhixd are diepdsed intthe flajisindade@ s u pysidiseussedaliove, the haldingpace 91
via the first supply ports 41 flows through the first space 91 while
mai nt aidni nappaantsec?! sunstitute lae clentessiitchsekrherhenian and carhelehsbly lmibd ihe al
el enent 19, after which it is recovered via the openings 50. Thereby,
the-last opivec@bmbdréeNThd &vetmembareds binspbed totlsd hdldifg hspatd@ised Bl n
addi tion, when the first space 91 is filled with the first liquid LQ

the contr oy aﬂﬁﬁﬁfi@ﬁ h@aﬁnmhét%h&xh@. eXPe hbldfhgl dppthtubds 71 MHeM thé BoveR St
optical elenment 19. The control apparatus radi ates the exposure

light EL iRefb&lefn sbohapHRlopehifaM {shfostdBEagpt surface 20 of the [ast
optical elenment 19. The exposure light EL is ultraviolet |ight and

the emergent surfagg, g}eﬁ{b.e; ’ﬂ?ls:pi’aﬁ]sehgggei Fhe %Bgéf?ﬂ%bjeg 'é(?_ﬁas an upper

phot ocl eaned by the radiation o posur I ght

Fur t hefyror .t ad [ jUS Lk th iJ, | iauid.LQ
o tha i raprebd T I I0eRRER o bieb el SRt "B blhatshil' s
exposure light EL tq.the.e t surface 20. after the fiLrst, space 91
s been 14 Faromper Ot B & limg i bergtoan tnd or e cpeine of 1 She
clean the |liquidJ r si Qn nber 4, the control apparatus 5 supplies
t he secono‘L?‘féﬂT‘btjtﬂe(T;E is %‘E"ﬁg‘?second supply ports 42. The second
supply ports 20 _42 supply the second liquid LC to the second space 92
so that the secdHePosingdficrores egpeadP so thakit clogesithe PE’%“JHW]@@? 4.

The liquid recovery port 47 recovers the second liquid LCin the
second spadacedl between the last optical element 19 and the cover member 70 and a second

15 space 92 between the cover member 70 and the substrate stage 1. The first space 91
- comprises the upper side space 26, and the second space 92 comprises the lower side
space 28.
The control apparatus 5 supplies the first liquid LQ to the first space 91 via the
first supply ports 41 and supplies the second liquid LC to the second space 92 via the
20  second supply ports 42.
| When supplying the first liquid LQ to the first space 91 in the state wherein the
cover member 70 is disposed in the optical path of the exposure light EL, the control
apparatus 5 controls the passageway switching mechanisms 81 and the second liquid
recovery apparatus 180 and performs the liquid recovéry operation using the openings 50.

25  The first supply ports 41 supply the first liquid LQ to the first space 91 so that the first



In the present enbodi ment, the control apparatus 5 perfornms the
operation of recovering the second liquid LC using the liquid
recovery s boodizskty parallel wth the 25 operation of suppeiiongrdihe
second liquid LC using the second supply ports 42. Thereby, WO
2009/ 128554PCT/ JP2009/ 057817 60 as shossn in FIG 8, the inmersion

space is formed with the second liquid LC between the liquid
i mrer si on liavithle@ cantaeis heemerggat wrdce Heofdhwlastroptieal sleangat 19. onfhetiestot her
si de. The second liquid LC contacts the | ower surface (the

li qui d r ediowil YQsuthedirs sBRE 9bfis tebeveppdrviarbe operidegs 587. Thereby, the
second liquid LC cleans the porous nmenber 27. 5 In addition, the
second |iquid LG fHeprsentrinbotinen)) desagroiayppatBiuy b petfrensihd esowty t he
porous nenber 27, flows through the passageway 48, and is recovered -
by the fi roperatibfluiidc ey tie ARPHGET UE) Ukt thO\Gseninds 5Q) M pafallél Wwithde
surfaces of the holes of the porous nenber 27, the upper surface of
t he porsousy Erafich, whith supslick RETrstIguiB0R ughg iRGIRAS way448 gy e
all cl eanedﬁlggia?he second I?lgui d LC iflOI n the %resent Iziﬂnggdi ment, the
si ze (wi thhfwh BErRQY2P) RO Rluid DO shifTRES B0 FRA3FRIDVIPle ird .
qu?‘gﬁLC ﬁr?’ng.@?s csnul Qs tfﬁ bt © ﬁﬁpyt he

second |i ( -cleaning i s™ ar ger an the size (W
LA M S
ciond T GHAET D AR A Tl
the sscondipinl RS Hnbie RO 9 o L Bl o
subst rift e st age?IELallo %@?WS‘! @e%éﬁﬁ@f“%n‘/ﬁ’ @%I@%Ef‘bﬂ'}ﬂﬂﬁai& ntrol

liquid LC. In addition, by m)vi_n% the substrate stage 1 with respect
to the |i dBPHaiupsmits e exposure light EL from the last optical element 19.  The control

apparatus 5 radiates the exposure light EL in order to photoclean the emergent surface 20
“of the last optical element 19. The exposure light EL is uliraviolet light and the |
emergent surface 20 of the last optical element 19 is photocleaned by the radiation of the
15  exposure light EL. Furthermore, it is also possible to just supply the first liquid LQ to
the first space 91 without the additional step of radiating the exposure light EL to the
emergent surface 20 after the first space 91 has been filled with the first liquid LQ.
In addition, to clean the liquid immersion membef 4, the control apparatus 5
supplies the second liquid LC via the second supply ports 42. The second supply ports
20 42 supply the second liquid LC to the second space 92 so that the second liquid LC
contacts the liquid immersion member 4. The liquid recovery port 47 recovers the
second liquid LC in the second space 92. |
In the present embodiment, the control apparatus 5 performs the operation of
recovering the second liquid LC using the liquid recovery port 47 in parallel with the

25  operation of supplying the second liquid LC using the second supply ports 42. Thereby,



20 menber 4 in the X and Y directions while the second liquid LCis
supplied via the second supply ports 42, a | arger area of the upper
surface 1l3vobobhmssubstrate stage 1 (the plate nenber Ppyrrisgoedeasnied
by the second liquid LC. In the present enbodi nent, because cl eaning
with the second liquid LCis 6performed in the state wherein
the first holding part 15, holds the dummy substrate DP, 25 contact
bet ween t & SE@%H'QFDIQ iheimreersinn spase isrformagd widh ée sepopd Hguidd.G ketween
prevented.. I'n WO 2009/ 128554PCT/ JP2009/ 057817 61 addition, by

suppl yi ng thplquié samersiangugnaber ¢ opjoae side ardbibe sebstatp plage pon the ofixerisidet-he
state wherein the dumry substrate DP is disposed at a position at

whi ch it opposedht keosdbguid L& gopiagtsplor pwed@irfacdghd loguad resoneinmuefa2d 33)f
the liquid i mersion nenber 4 alone may be cleaned. 5In addition, the
cont r ol apyfalieagcicusoneralier Ve aThdrétsy, thp petond tghid € clehne thetdoeoustmsibeedENL
stage 2 with the second liquid LC by disposing the upper surface 14

of the sTednuddiBH theded@l 1dquidDC Fows fiktb UibgRsdabevaiPEolia idhbRe esthef the
measuring instruments C, so that it opposes the second supply ports

42 and by spRRlnEmiEr DN S10vRARaHaH 1he Phdladdvay 48, dldGs REGRAM HURP Fst DQIiE S
42. 10Thus, in the present enbodi ment, thé process -of cléaning the
rescri be I gQudd- s S +

p %g%g@g@garﬁﬁ@%é. W rdifBTE ﬂ%eg@%% ogmth? h@ltﬁﬁéf'&lé %{3)1% §

stage 1, th rement stage 2,  an t_ e se

liquid LC j 'QB? | wi h cess
of cleani nﬂdaf‘%gb?’g[é?ﬁ%}ﬁ% Ica ng%‘% ngiewto?%ﬁ?%&ed @??ris“[ep%qr%ﬁiéﬁﬂ&%
After cleani ngev\v/\,it at:h IC%C%H% Id'bqsui d{#lC ids[é(gorrpl ete, the control
appar at us RESSE szfyops e o?)Iér vitSh 61 ¥ Sevond supply apparatus 146
and t supply of .the second.liquid LC usjng,t econd. supply. ports
220 FB hor ot o8 B PSR pAginth i % (b 85, TeLp B bR
control apparatus 5 perforns process, that elimnates the second
liquid LC SPW%W@ Wlﬁh@F aeqomlr@ﬂwé& ‘ﬁﬂﬁlﬁé!aeawpg is larger than thg sizg §vishia Shent
enbodi nent_, _the process that elimnates the second |iquid LC 20 from
the |iqui &XY mifee)afdhe imeweseen space frmeéwith the firstiqwisl bR eloae svhen the
supplies the first liquid LQ As shown in FIG 24, after the
cover nenisubstra® R is expasedict Aetofdingly;taerze pre obithe poyvdn swifacei?d of sthedisuide
light EL, the control apparatus 5-in the state wherein the supply of
t he secondmmegri¢rdmer@bérst cntpiselk swochd liymidL® siod mtckastdayerely. on whi ch

t he dunmy substrate
15 In addition, the upper surface 13 of the substrate stage 1 is disposed so that it

opposes the second supply ports 42 and contacts the second liquid LC supplied via the
second supply ports 42, .Ther.eby, the upper surface 13 of the substrate stage 1 (the plate
member T) is cleaned by the second liquid L.C. |

In addition, by moving the substrate stage 1 with respect to the liquid immersion

20 member 4 in the X and Y directions while the second liquid LC is supplied via the second

supply ports 42, a larger area of the upper surface 13 of the substrate stage 1 (the plate
member T) is cleaned by the second 1iqu1;d LC.

In the present embodiment, because cleaniﬁg with the second liquid LC is
performed in the state wherein the first holding part 15 holds the dummy substrate DP,

25  contact between the second liquid LC and the first holding part 15 is prevented. In



25DP is held by the first holding part 15, is disposed so that it
opposes the | ast optical WD 2009/ 128554PCT/ JP2009/ 057817 62 el enment
19 and t hgyd bsiyhthsigqmrer si on nmenber 4-perforns the recoyep)pRRedsadiyon
whi ch recovers the first liquid LQusing the liquid recovery port 47,
in parallel with the supply operation ghi ch supplies the first
liquid LQusing the first supply ports 41. Thereby, the second liquid
LC t hat r eaddition, bisupplyingdhesepomd liquik L yiethe sesondigrpplyiposts 42 lietheistate d 5
i mrersi on menber 4 and the porous nenber 27, and in, for exanple, the
recovery pakseiydhednmigy substreis PEds disgosed at a positioh at wbidh itiopposedthe second
supplying the first liquid LQfromthe first supply apparatus 144 to
t he passagepplypodsa2, tthdosecaniicd 2 ef the liguid hAahersimiantber 4 alohe may be
exanpl e, the passageway's 45 and the second supply ports 42 can be
washed awayeaned.h the first liquid 10 LQ In addition, the
control apparatus 5-by performng the recovery operation, which
recoverss the fi nsbidikdiiie cbirsl Shtiatd!s chi Abining BSRY BLthop® bedd, i1

parallel wth the supply operation, which supplies the first I|qU|d

LQ using th eilzu'g:fn%ﬁtt s%s}egealvxt Ebo %1@9@1@5 cﬁgjggpgm%%%p&ys Ll o”f%h

the state supp of the sec stoppe

and the UBRSL,SHELAGR. 33 chmﬁudayelgnlgs%r 1895t Icafnt Sl %E%EH{O?

T) is dlspose opposes

that  r ot REPBH Srevws P areon syaril P B T butafns R 30amy jit

pl at e nenbgr T% th the f rst liquid LQ 1In addltlon t he contro
appar at us ﬁ%ﬁ B@ﬁpﬁ ‘he recovery operation, 20 whi ch recovers
t he flrst I|qU|d LQ.using the |iquid recovery rt. 47, in parallel
with tfe supply 1opeinte BWSEI\RFIW@H‘? th}}eélgo‘teﬁsé’fﬁ Iﬂ?ecfﬁFS&“E@ usi ng
the first supply ports 41 and the second supply ports 42, in the
stat e wherBembarhhasliguid immgrsion segdenhdhe supsirale steeq b the meAse¥mEnistaged.,
upper surface 14 of the measurenent stage 2 is disposed so that it
opposes t radtkeslikeppyith ghel seednd hignid IO isqpecformhesl in ipepallel withnas essiopartrd iwe r
4-can wash away

process of cleaning the last optical element 19 with the first liquid LQ.

After cleaning with the second liquid I.C is complete, the control apparatus 5
15  stops the operation of the second supply apparatus 146 and the supply’ of the second
liquid L'C using the second supply ports 42. Furthermore, prior to the exposure of the
substrate P, the control apparatus 5 performs a process that eliminates the second liquid
LC from thé liquid immersion member 4. |
In the present embodiment, the process that eliminates the second liQuid LC
20 from the liquid immersion member 4 includes a flushing process that supplies the first
liquid LQ.
As shown in FIG. 24, after the cover member 70 is retracted from the optical
path of the exposure light EL, the control apparatus 5—in the state wherein the supply of
the second liquid LC is stopped and the substrate stage 1, on which the dummy substrate

25  DPis held by the first holding part 15, is disposed so that it opposes the last optical



25 the second liquid LC that remains on the upper surface 14 of the
measur enent stage 2 WD 2009/ 128554PCTOP2009/ 057817 63 with the first
l'iquid LQwo 2009/12853dhus, after the liquid i mrersion menbggfogiisdihne

| i ke are cleaned using the second liquid LC, the first liquid LQis
used to elimnate the second liquid L&G2 thereby preventing the
interm xing of the second liquid LCwth the first liquid LQ that
fills the erpgtil® and hgdiquidfimmesiendpersbar d—tpeglormithe depovery operpteny tdirh
exposures of the substrate P. After the cleaning process using
t he secondetdvgrsithe fict hqud LReusingukehiiquid rsconces porti47,riy parhkicl fwithshe $upglyi d
LQ are conplete, the substrate P to be exposed is held by the first
hol di ng paiperatibnavtdch hippbogpbs fingligridE@asingshefirst suppiycoes 41 .haThereby,
substrate P. Prescribed processes, such as the devel opi ng process,
are then pké febntlqod LCHRatesasash, Sdtlesimnple thOlowkd Aatee di Btk tiqhide
present enbodi nent as expl ained above, it is possible to efficiently
and satsi sfiagiepsibn Membe@NaddiBe pdsis RAhbe 27, USHEDE exhihpld N rédo%ljtyd

i mrersi on menber 4, and the li1ke. Accordingly, it is possible fo

prevent tha a6ty AeSaedeapsure failures and the production of
defecti ve ‘devices caused by the contam nation of the |ast optical

el ement 19, theyl ] eud | xﬁﬂh A4 q@ﬁf i

di scussed above}ﬁ%ﬁﬂéﬂ%bgggégk eggggﬁﬁgég{fgﬁma é+#§§F%%ﬁ@%am }ﬁhid
is used as_the nd _Li-quid LC .. Usi | kali ¢l eani iquid as

t he secongth U|%%%f%ﬁéégge%FO%%g§$%Pgt@%r§%?$%¥%§¥8%iwggé$ﬁn1nate

or gani ¢ substances ,(contan nants) .tha esult- fro for. |l e, the
o b ena HARpEEYS 45 Al bR TR Raely s 2570 b i avef i SRR i e o
21 of theIkgquid i mer si on menber 4. 20Moreover, if the secand liquid
LC, whiOch ntains the alkali cleaning liquid, contacts the |ast
optical elenent 19, then the state of, for exanple, the front surface
of the last opt ialditionethespntial appamtes b geforming te aerovery operatione | ast
optical element 19 is formed fromquartz and the second liquid LC and
the | ast optslcrecoversethe frst kiguid 54 using thekquid schesry potidi, inpenalledwethihe

the state of the front surface or the optical characteristics of
supply operation, which supplies the first liquid LQ using the first supply ports 41 and

the second supply ports 42, in the state wherein the supply of the second liquid LC is
15  stopped and the upper surface 13 of the sul;')strate stage 1 (the plate member T) is
| disposed so that it opposés the last optical element 19 and the liquid immersion member
4—can wash away the second liquid LC that remains on the upper surface 13 of the
substrate stage 1 (the plate‘ member T) with the first liquid LQ.
In addition, the control apparatus 5—by performing the recovery operation,

20  which recovers the first liquid LQ using the liquid recovery port 47, in parallel with the
supply operation, whicﬁ supplies the first liquid 1.Q using the first supply ports 41 and
the second supply ports 42, in the state wherein the supply of the second liquid LC is
stopped and the upper surface 14 of the measurement stage 2 is disposed so that it
Opposes the last optical element 19 and the liquid immersion member 4—can wash away

25  the second liquid LC that remains on the upper surface 14 of the measurement stage 2



25t he last optical elenent 19 could change. WO
2009/ 128554PCT/ JP2009/ 057817 64 According to the present

enbodi mentyg bhgsRyer nmenber 70 prevents contact betwegprhBRisgsHRd
liquid LC and the | ast optical elenment 19, which makes it possible to

prevent changes in the perfornmance of ghe |ast optical elenent 19. In
addition, it is possible to broaden the selection of liquids that may
be used aswﬁh§w§&&ﬁwﬁdiﬁuid LCto 5 clean the liquid inmrersion
menber 4 and the |ike. In addition, according to the present
enbodi nent, it iBusaladler the dighidlimmteesiorsmernber 4smd dhredilieiagricleaneCusiog the
efficiently and.satisfactorily clean surfaces (liquid contact
surfaces) sdompllgpid LOgte Gesrtiquid DB usalno Heinatd e §dcoid liduid WO thiefdby
during the exposure of the substrate P, for exanple, the upper

surface 13prfentifgtieulSiniiRing of tRgecohdHAGId TS with B firdQiguit Lo @at s e
-the neasurenent stage 2. Accordingly, it is possible to prevent the

OCCUT I &91C EoffcalaBOS ihEexpdiilitl iRt zm&luklg%u&%&a%@éﬁp%nesf ofdRd ﬁ%%ﬂré{@P.

devi ces caused by the contam nation of thesSe préscribed nenbers.

ol i ng. appar at (4as SFCTRIE O YRE T SRR L eRph i SRR alir
the 13t SUIARERAtial8 YRYSE portRelBL SRl v 0% DOLLIG nBARGTA KPS

71, a support” apparatus ppor e cover

e S e H o AR R T o

At ATMORE T AR MR RN

'n S-i d el(} he 20 o %:Igti)rrc]i?ng%[gf 'the<p§§s\égtné£bolcziﬁn2§1ctj iasrrgx%a?ned above, it is possible to
efficiently and satisfactorily clean the last optical element 19, the liquid immersion
member 4, and the like. Accordingly, it is possible to prevent the occurrence of
exposufe failures and the production of defective devices caused by the contamination of
the last optical element 19, the liquid immersion member 4, and the like.

15 As discussed ébove, in the present embodﬁnent, an alkali cleaning liquid is used
as the second liquid LC. Using an élkali cleaning liquid as the second liquid LC makes
it possible to satisfactorily eliminate organic substances (contaminants) that result from,
for example, the photosensitive material and adhere to, for ekample, the lower surface 21
of the liquid immersion member 4.

20 Moreover, if the second liquid LC, which contains the alkali cleaning liquid,
contacts the last optical element 19, then the state of, for example, the front surface of the
last optical element 19 Could change. For example, if the last optical element 19 is
formed from quartz and the second liquid LC and the last optical element 19 contact one

another, then, for example, the state of the front surface or the optical characteristics of

25  the last optical element 19 could chahge.



The follow ng explains a seventh enbodi ment. In the explanation

bel ow, constituent parts that are identical or equivalent to those in
t he enmbodiwentngisstiussed above are assigned identical sgnbelosyosasid

t he expl anations thereof are therefore 25abbreviated or omtted. 65
The follow ng text explains, an exenpl a4 case wherein the substrate
stage 1 is disposed at a position at which it opposes the liquid

i mrer si on nenbeAcgordingto theereserteihegingng e veigmenaber JP pegyents SRS |
simlar to the enbodi nent discussed above, it is also possible to

di spose t Hetekemile soerstlguidLOpnd theilash opticahederderts 9+ wiick ingkes ihpsssiblego
part 515, and the neasurenent stage 2 at this position. FIG 25 -

i ncl udes wirewest ¢Hangesdm the perfernmuosepl the bkt epticaloplanebnt hive rliadditions ibier
104C according to the seventh enbodinment. In the present enbodi nent,
t he |i qui dpossitie tebroadamshdeeiectiOx 6F lquigsrthat asaydesised dsahe seeadbliquidLC4o
whi ch conprises shutter menbers 73A, 73B that are disposed in the
opti cal5 pafldanalie lidied BXAESIHA rehib@h4 add thbtikyeen 10t he | ast opti cal

el enent 19 and the substrate stage 1. In the present

enmbodi ment, t he shdiiticH, ad¥BfdMR oI PréschPERbddBAS:, if RGBSRk d Sse (RA
75B, which are forned in the 1nner surfaces of the second plate part

23 that defidy l{gﬁlﬁi lf@g{ﬂﬂ?&ex% 'a}nﬁﬁﬁs‘fmﬁr}@ Eleﬁ?éﬁ?ﬁ&f%s(ﬁ%}g cgn;tgbé sUfd )

are capable o el ng spose e recessed par
respecti veleyi. ak qﬁ% g%} L89Gt thEBrst M8 1. Sl novi ng
the shutt gAr )f’mrrg%%fls ﬁi}%ﬁf ﬁéﬁe recselg@uég ggdru?inggﬁae?ls) o%?re in the
+Y side inner f-ace_of, the secon l,at art 23 1 hat defines the
opent ng 2uos R Falbe B uRRF B06cR Fof B i By R EGRer 7,
surface of the second plate part 23 that defines th eni ng ,24. The
shut tdd ot Rie mElicehbidee 2’ i e d Spmble S RRHEEAE 7an
73B are capable of _noving Wth respect. to the optical. path of the 20
exposur e |9CGHTenEs OhSKPPFEC Eijurea AR eafodpﬁtéor&gtdﬁ’@%swsd%me capgqd byithe t he
present enbodi nent, the shutter nenbers 73A, 73B are capabl e of
novi ng i n coR@minagion af thgserpsescribdsmenp@s.shut t er menbers 73A, 73B are
capabl e of entering and exiting the recessed parts 75A, 75B by the
operation of th&udbermarepinsthe praseny eBbodimepfeaitl¢asepayt ofeash efithenldingwhen
the substrate P is being exposed, the shutter nmenbers 73A,
apparatuses 71 that hold the cover member 70 is provided to the flat surface 31; however,
15 instead of the hblding apparatuses 71, a support apparatus may be provided that supports
the cover member 70 so that it can be inserted into and retracted from the lower side of
the liquid immersion member 4.
In addition, in the present embodiment, the cover member 70 is disposed on the
lower side of the flat surface 31, but the cover member 70 may be disposed inside the
20  opening 24.
<Seventh Embodiment>
The following explains a seventh embodiment. In the explanation below,
constituent parts that are identical or equivalent to those in the embodiment discussed

above are assigned identical symbols, and the explanations thereof are therefore

25  abbreviated or omitted.



25 73B are disposed in the recessed parts 75A, 75B, respectively, as
shown in FIG 25A. WD 2009/ 128554PCT/ JP2009/ 057817 66 The control

appar at us voo sppiss&s the first liquid LQ via the first pgygployo2edits
41 in order to formthe i mersion space LS. In order to close

the opening 24 with the shutter menbergs 73A, 738 during the cl eaning
of the last optical elenent 19, the liquid innersion nenber 104C, and
the |ike, 5 the Thefellstingispbexatains ab engaplatyesse Weereio theasubstsate/Sage 1716 B
so as to dispose the shutter nenbers 73A, 73B in the opening 24, as
shown i n HispoR&hbat aHositiehyt whitleit opmmestde Hduid immengmdneniee 4fwheathespace
91 is fornmed between.the | ast optical elenent 19 and the shutter

menbers 7 3f¢anit@ProcBdlis pbdorardOihvespnsimildPtol the érabstideelisoRRed 4HRe, it is
shutter nenbers 73A, 738 and the substrate stage 1. 10The contr ol

appar at us disopéiible@s dispése ke duknnhy Sktchtd- QP! WhitNR Heidlﬁlthéﬁ%@ﬁol@ﬂag}ﬁhﬁ
the first supply ports 41 and supplies the second liquid LC to the

second_SSpageagﬁhghéaglpénéﬁg@?gzMglrpgsiga{_ts 42 in the state wherein
the opening 24 is closed by the shutter nenmbers 73A, .73B.

Furthermore, in Pﬁ@%ﬁﬁ%ﬁﬁ(ﬁe{g Lighag iskﬂ%ﬁ&ne eé&ggpi%mftatlﬁ{ﬁd ?sgcgn %§§P3r738

are 15 di sposed insi openi ng an e configure t hey

o 0o L SRR 1o PR B SR i e B,
oo, "t ho. IEToFIT PERPOC] BrEAPPEts e PR PRN AL RGBT THEE { he
substrate stage 4, and the |fke can be cleaned 20 <Eianth o' i coveen

10  the last optical element 19 and the substrate stage 1. _

In the present emiaodiment, the shutter mechanism 74 c;;m_rlprises: recessed parts
75A, 75B, which are formed in the inner surfaces of the second plate part 23 that define
the opening 24; the shutter members 73 A, 73B, which are capable of being disposed in

. the recessed parts 75A, 75B, respectively; and actuators 76A, 76B, which are capable of
15 moving the shutter members 73A, 73B. The recessed part 75A is foxqu.in the +Y side
inner surface of the second plate part 23 that defines the opeﬁing 24, and the recessed
part 75B is formed in the —Y side inner surface of the second plate part 23 that defines
the opening 24. The shutter ﬁlembers 73A, 73B are plate shaped. The shutter
members 73A, 73B are capable of moving with respect to the optical path of the
20  exposure light EL by the operaﬁon of the actuators 76A, 76B. In the present
‘embodiment, the shutter members 73A, 73B are capable of moving in the Y axial
directioﬁs. The shutter members 734, 73B are capable of entering and exiting the
recessed parts 75A, 75B by the operation of the actuators 76A, 76B, respectively.

For example, when the substrate P is being exposed, the shutter members 73A,

25  73B are disposed in the recessed parts 75A, 75B, respectively, as shown in FIG. 25A.



The follow ng text explains an eighth enbodinment. In the explanation
bel ow, constituent parts that are identical or equivalent to those in
t he enmbodiw@piusikscussed above are assigned identical peyiPRbges7and

t he expl anations thereof are therefore abbreviated or omtted. 25Each
of the enbodi nents di scussed above expé@i ned an exenpl ary case
wherein. WO 2009/ 128554PCT/ JP2009/ 057817 67. the _second supply ports
42 are di spssentolappaatus Sgupriics thedhslligyid @ miathefirshamplyaorts thh én order
characteristic that differentiates the ei ghth enbodi ment fromthe

ot her enbddiferanths imersioatspeeedehd supply ports 142J are provided to a
prescri bed menber, which is disposed at a position at which it
opposes t he | owdn oslar foadese Ze apeniag 2# oithdhe shmtiershonbare e 73 B0Uding Bfel G
26 is a view that shows one exanpl e of an exposure apparatus EX

accor di ng deningefeiedhdtioptcd) eldmentk9, theliqghdd@matersien Meabetr IO€Mndshalies,
102J conprises the second supply ports 142J, which are disposed in

the upper heltdntobapbhradis 3 SiRrABARe AR 764 8B sbQiddo difpese BRBRersUppl y
ports.142J are capabl e of opposing the | ower surface 21 of the liquid

I mrer si on wEAhes 730438 if e aﬁﬁﬁg 94 S44RRGW ROFTLS25W 2T HER LR 1Be GRRRRCI4ed

to a second supply apparatus 146J via a passageway 145J7 The

passagevays dfel. C Pk 8%:@9? e PR AAMPMst v?ﬁ?%a% Qlieiérl%?{ i) ;{qu?é nsi de

t he neasurenent stage 1 and a passageway, ormed from a

appar ot us i BB AL b P e P B R e BRSO

t he present _ enbod) 15 conprises a cover nmenber 70, which is for
partiti onimn%m eﬁse%d%?}ig?aﬁngg%ctsﬁl %tfa%?ﬁﬂ eel>'<posure | i ght EL between the

| ast tical el nt 19 and the supstraje sta 1 into the fjrst
space B and ¢ ndbeuihadizes SoibhsebratugtEparth feusters ihten
rel easabl y_ hol d the cover nenber 70. Furthernore, as explained in the
sevent h erfSAPRI PO hukBEP s dhsecond auihhS & b seppd 8975 tihe
shutter nmechanism 74 to partition the optical path of the 20 exposure
li ght EL tfémééhpalheon'sﬁ%f inghg $t@awhaeéh@ﬁppqmsaﬁds tlesedsybe plantter st age
1 into the first space 91 and the second space 92. The control
appar at us BembpshliAd3Bhe first liquid LQto the first space 91 via
the first supply ports 41 and supplies the second liquid LCto the
second space 92Fuitherinbee, setbe petseni ppbydiment, the4Rutten ntehnberst7dAg 73 ereei n
the second supply ports 142J, which are 25 di sposed in the upper
surfacles 14isposddiesideths opaiinn?4 sidagecddizdred a0 that they tioyethe sperfine®t; 21

however, the shutter members 73A, 738 may be disposed below the flat surface 31 or
above the upper surface 25 of the liquid immersion member 104C.

In the present embodiment, too, the last optical element 19,.the liquid immersion
member 4C, the substrate stage 1, and the like can be cleaned.

éO <Eighth Embodiment>

The following text explains an eighth embodiment. In the explanation below,
constituent parts that are identical or equivalent to those in the embodiments discussed
above are é.ssig;ned identical symbols, and the explanations thereof are therefore
abbreviated or omitted.

25 Each of the embodiments discussed above explained an exemplary case wherein



68 of the liquid inmersion nenber 104J are caused to oppose one

anot her and the cover nenber 70 is disposed in the optical path of

t he exposwy@2dob/giaks4EL bet ween the | ast optical el enent pd&9aedich/dshar
substrate stage 1. The control apparatus 5 can clean, for exanple,
the energent surface 20 of the 5 last @ptical elenent 19 by
perform ng, the recovery operatj.on, ich recovers the first liquid LQ
usi ng t he BHEFPR glPBEY HWﬁﬁrﬂéﬂ %:losvmﬁhft Fid imyperyiop Fismber %A{owmﬁrctﬂe
supplies the first liquid LQusing the first supply ports 41. )

I n addi t i oheracisasticohatdsiferaniisias dhe eishh spbedipresi fFem fierater embediments is
operation, which recovers the second liquid LC using a liquid
recovery pbatsedondFuphily perseldt2y aretpmevidel thiaguésaribedreenstenrwinenis dispad at

in parallel with a supply operation, which supplies the second liquid
LC usi ng téaposgtmoahdhish ppipposss thedowdaXiirfaca? lodfadmutdieshepsien msmbéakdd].2 1
of the liquid imrersion nenber 104J, the upper surface 14 of the
measur esrent st ag¥G.18dd a viencthithRows s extrmpled anoxmswk AppdisteSEXL

enbodi ment expl ai ned an exenplary case wherein the 15 second supply
ports 1421ac8s@ingdité Beefthit dnbdiememas i FIGRDYS, aShdagi@erhbid diagh Ut21dmpsiggond
supply ports may be disposed in the substrate stage 1. By performng

the recovehysRBRl Akhbortdhiieh vhRAANESSdsBrintRERM: hirfibd th 4Gnusi ng the

| i quid recovery por in parallel with the supply operation, which

supp s UBECSERRRLL 00K 158 sty SRS SURBbRC el S
opPoses {15y SEGPEL ORI ARE ine MOy 164525 bl LG NRRE

| ower surface 21 of. the |iquid inmersi menber and t upper surface
1301 The B Frupofrod Spmabiboly SR By ERSelliy (Bon Rorts oy
be provided to a npvable penber that is distinct fromthe substrate
stage 1 arﬂi’siaﬁ‘éw%ngﬁz%rﬁ%‘?ﬁes%ﬁ‘ﬁﬁ’ PASSAEEYVRAY 15 fprmed fpsidgdhe, - o ent
enbodi ment, the supply ports_ that supply .the secqnd .

- measurement stage 102J, and a passageway, which is formed from a supply pipe that

connects the supply passageway and the second supply apparatus 146J.
As explained in the sixth embodiment discussed above, the present embodiment
15 comprises a cover member 70, which is for partitioning the optical path of the exposure
-light EL between the last optical element 19 and the substrate stage 1 into the first épace
91 and the second space 92, and holding apparatuses 71, which releasably hold the cover
member 70. Furthermore, as explained in the seventh embodiment discuésed above, it
is aléo possible to use the shutter mechanism 74 to partition the optical path of the
20" exposure light EL between the last optical element 19 and the substrate stage 1 into the
first space 91 and the second space 92.
The control aﬁparatus 5 supplies the first liquid LQ to the first space 91 via the
first supply ports 41 and supplies the second liquid LC to the second space 92 via the
second supply ports 42 in the state wherein the second supply ports 142], which are

25  disposed in the upper surface 14 of the measurement stage 102J, and the lower surface 21



WO 2009/ 128554PCT/ JP2009/ 057817 69 liquid LC may be al so provided to
the liquid inmersion nenber 104J, and the second supply ports of the

i qui d | myas sdorinsenber 104J may be used in parall el wethjpieseaond
supply ports 142J of the prescribed nenber (the nmeasurenent stage 2

and the like), which is disposed at a gRsition at which it opposes
the |l ower surface 21 of the 5 liquid imersion nmenber 104J.

Fur t her nora the hquit Enmpszion membhst it aragenspddappensaent anofies aykibegowbove,
the first liquid LQ or the second liquid LC, or both, nay be

r ecover ed menbey 74 i$ digedsad ingbomicyl patr of the exposwd light BL hatweeni thelast
which it opposes the |ower surface of the liquid inmersion nenber,
ei t her w tdptioal eldrhdnd 19 andsthagutishige btagil.d recovery port 47 (the liquid
recovery 10 surface 33). The liquid recovery part disposed at a

position at whi heicbntef) ppFesud el a8 fos etangsle; tinf enhdigenk kdfticel20 of the
i mrersi on nmenber can be provided to, for exanple, the substrate stage

1 or the ﬂﬁﬂ%ﬂﬁ@lﬁﬁheﬁﬁmﬁfﬁxfoﬁﬂin .ﬂ{e}}ecoveg opefadioh NEKiAPicBaveABR fiftk t he
si xth through ei ghth enbodinents di scussed above expl ai ned an

exenpl ary ﬁg@pl [ i BERE S ge
1, 15 the1 asu?gﬁg Fﬂgﬁgg%§§$f%' tﬁe dunﬁ?ggﬂgg??%?Emtg?ﬁ?éa%ﬁgi%ged

oL 2 BT a thgle SBRIBSS phigel ovr surface 21 of the |1 quid
or oscr bed menbds S ERsSadlaptie atbeEHRRE LY Rhr il 1 e
S e S L
i B RETE RSyl i e M
surface thereof in the state wherein, for exanple, the opening 24 is
cl osed by seeraddisyid Lausiag thepecond sunpippartsod2)mganyslean the logvep gsfage 2] pf
the liquid recovery part is disposed at a 25 position at which it
opposes. t Hbe lioub imbanioaceersier ¥4, 1 qnpe sirfvrer dicd thaTasrermentige LAY,
70 and the like.
Furthermore, the present embodiment explained an exemplary case wherein the
15  second supply ports 142] are disposed in the measurement stage 102J, but the second
supply ports may be disi)osed in the substrate stage 1. By berforming the recovery
‘operation, which fecovers the second liquid L.C using the liquid recovery ports, in
parallel with the supply operation, which supplies the second liquid LC using the second
supply ports, in the state wherein the lower surface 21 of the liquid immersion member ;
20  opposes the second supply ports, which are disposed in the upper surface 13 of the
substrat.e stage 1, it is possible to clean the lower surface 21 of the liquid immersion
member and the upper surface 13 of the substrate stage 1. In addition, the second
supply ports may be provided to a movable member that is distinct from the substrate

stage 1 and the measurement stage 2.

25 In addition, in the present embodiment, the supply ports that supply the second



second liquid LC may be supplied, for exanple, via the liquid
recovery port 47 of the liquid i mrersion nmenber. Furt her nore,
each of t weo sdowtifsstshr ough ei ght h enbodi nents di scussed pebQrBu9/w57817
expl ai ned an exenplary case wherein the first liquid LQis supplied
to the first space 91 5via the first séfply ports 41 in order to

clean the | as tical,elenent 19: however, .a cl eani liquid that is
i st not TG et SISO RN 1P B R yiEh SEBBF a0 Lheserisy
space 91 via the first supply ports 41. For exanple, it is possible
to supply SHPRIY @8Fis ﬁ%tﬁ? Haid gmpgesfonamember 84) mayr beusgd gy earalled wath e

hydr ogen peroxide. In so doing, it is possible to clean the energent
surface 20eemdisHeply perts b iof He nagserieadimenabes fhe Bamremgnt gtage Hand the
addition, in each of the sixth through eighth enbodi ments di scussed
above, addike),ovhadh ik digppsgd stip pdsitiquat whichatoripeses tedpwerduyfaps 2lofdhel i n
the vicinity of the first supply ports 41, and the liquid (e.g., the
first I5 quigidi@nosrsian oleadbar Il i quid that is-distinct fromthe first
liquid) may be supplied to the upper side space 26 via those

addi ti onal | i quiFdrthetmpley irpthe bikth thfough bightbaabodinfedtssdigenbsyed ab®eathe Gifst
may be performed in parallel with 15 the operation of supplying the
first I'iquicl b thelsB@nt 1igaid ISC!RR bithPRsY Be rédoveldd isBR aTRfuf rebdveBApdtt
of the enbéf(ijiild_n%ts di scussgd above, the );econd l'i qui Egcont ai ns

ammoni‘a, Qidsotduent pefasH ati L@ bPPbsbSthE Rwek a8 8f B &b 61dQmuleRion

exanpl e, the second liquid LC may contain choline, sodium hydroxide

Na ’ ith | 1 i . 0 vES
Some. Corbi maTy Gty aopt Wi it Pl RTR VY B (AL o
di q I . . . . ; :

Curt r aonis SR PR feeRsniPlr Bopol &4 rolBOh bl Bpb e e
ith the gb i,ng. pr - Furth h i cal th
on the emaPGETIEdY B4 TGO by G BT koot PP Ceivent
19 of the oj ection optical system PL according to each of the
25embodi néﬁ@%llaﬁﬁ%‘”tgﬁgé’é eafﬂsﬂ?afe%ﬁn?%‘?ﬂe oLfalh the first |iquid LQ

however, it is al so ) . . .
Furthermore, each of the sixth through eighth embodiments discussed above

explained an exemplary case wherein a prescribed member (e.g., the substrate stage 1,
15  the measurement stage 2, or the dummy substrate DP) is disposed at a position at which
it opposes the lower surface 21 of the liquid immersion member 4, the second liquid LC
is supplied to the sp.ace between the lower surface 21 of the liquid immersion member 4
and the prescribed member, and the immersion space is thereby formed with the second
liquid LC; however, as discussed above, if the liquid recovery part is disposed at a
20  position at which it opposes the lower surface of the liquid immersion member, then the
second litjuid LC may be sprayed from below the liquid immersion member 4 toward the
lower surfaée thereof in the state wherein, for example, the opening 24 is closed by the
cover member 70.
In addition, as discussed above, if the liquid recovery part is disposed at a

25  position at which it opposes the lower surface of the liquid immersion member, then the



WO 2009/ 128554PCT/ JP2009/ 057817 71 possi ble to adopt, as the
projection optical systemPL, a projection optical systemwherein the
optical payd@1ishe i nci dent side (object plane side) efrhPed@sdiy
optical element 19 is also filled with liquid as disclosed in, for
exanpl e,” PCT International PublicatiomgM2004/019128. 5Furt hernore,

al though the first liquid LQin each of the enbodi nents di scussed
above is vigeand liguid Ifagnapde suppligdifer example, vinahe liguidtecovenr paskdihefithe | t
is al so possible to use hydro-fluoro-ether (LIFE), perfluorinated
pol yet her ligaldHEmerfiomisleinberni |, or the like as the first liquid LQ In
addition, it is also possible to use various fluids, for exanple, a
supercritical f[Fuithermaee, tdeh of thesixth thantigh eigBth dfibadirhérgy disduesedtabeve
substrate P in each of the enbodi ments di scussed above is not limted
to a sem cRpEifel ah cx@iiry o Whrkiih 8RtiradiqERINC andpslieato R \firgepace!vut
can al so be adapted to, for exanple, a glass substrate for display

devices, &igsHe®mdtSuphly Fdrts'Arin bitlePtof didMRPERItiCal BRAMSL 199 hoWi\Rr, 2
original plate of a nask or a reticle (synthéetic quartz or a silicon

waf er) thalieah @ﬁgﬂtﬂﬁi@&lsﬁﬁpﬂ "the fi‘x@f)ﬁiﬁ 2153 LEeSUPARMLE the first

apparatus EX cdan ‘al so be adapted to a step-and-'scan type scanni ng

pai ¢ v or RS tiEy® B SR Ak SRR b S RRSHERS PR hel”
substrate

P.. |l ' - - i i on. .
Subet ot P ol e RUER B bR °
Lo o it TR g B el AT, 1 the

Furthernore, when perform ng an exposure wth a, step-and-repeat
systen® the pro 1HoR. BisesE th%vﬁémop&h pighth epgodigiepts dirgpsspd ghove,
reduced irrag_e_ of a first pattern onto the substrate Pin a state
wher ei n t dditippal {iqpidisppply perfiomednlee ssparetelyRrevipedhinghasyipisity af the firsy
stationary, after which the projection optical system PL may be used
t o perf or suppl2Bota4 1, aid de daeid fogwuthe fost lighid IR bsa eleaningHiquivhéatis distinct
reduced i nage of a second pattern 72

from the first liquid) may be supplied to the upper side space 26 via those additional

liquid supply ports. In this case, the supply operation may be performed in parallel with

15 the operation of supplying the first liquid LQ via the first supply ports 41.

Furthermore, in each of the embodiments discussed above, the second liquid L.C
contains ammonia, but the present invention is not limited thereto; for example, the
second liquid LC may contain choline, sodium hydroxide (NaOH), potassium hydroxide
(KOH), tetramethylammonium hydroxide, or some combination thereof.

20 In addition, in each of the efnbodimcnts discussed above, ultrasonic cleaning,
which imparts vibrations (ultrasonic waves} to the second liquid LC, may be used in
parallel with the above cleaning process.

Furthermore, the optical path on the emergent side (image plane side) of the last
optical element 19 of the projection optical system PL according to each of the

25  embodiments discussed above is filled with the first liquid LQ; however, it is also



partially superposes the transferred first pattern in a state wherein
the second pattern and the substrate P are substantially stationary

(as in a sihb@hhngsd ype full-field exposure apparat us) petiipRcicistdon,
the stitching type exposure apparatus can al so be adapted to a

step-and-stitch type exposure apparatupl that successively steps the
substrate P and 5 transfers at least two patterns onto the substrate
P so that Reasgihlede adqphras theinrgieciippappen syptern RLaaiproiecton ontical systement
invention can al so be adapted to, for exanple, an exposure apparatus
t hat conbi wesgein thesopsiodd pathatnehe neidpattsider(njectiplanasidensithe labiraptichl a

proj ection optical system and doubl e exposes, substantially

si mul t aneotlathgnt 19 issdlsegliledsdicit liquddjasatisobosed he fekahplal RCTiktargatianali ngl e
scanni ng -exposure, as disclosed in, for exanple, 10U.S. Patent No.

6, 611, 316. Pdulicaiddi wOmp4/019¢28r esent i nvention can al so be adapted to,
for exanple, a proximty type exposure apparatus and a mrror

proj ects on al i gF@fthermore, althdgR e firkQftuid NG iPERA @Pihe lcMbEMildeR dfRksed SO
be adapted to a twin stage type exposure apparatus, which conprises a

plurality : i d &43,
Pat ent Moo e g g bo R g9l 1R WASE) Koot RERbossIcto

exposure L X ool | i.M i u . i :
Fabri cat i ane tydsdfiokdobss () JelihbftlEpty AR ERREL EREUERE of Bedie
pattern of sem.conduct oy devi ce, . but can, al so_he .w del. dapted to
xposur e 50 e LGOR FRar e e T FaBPR S Bt B SRRble
liquid crystal .deyj,ces q i spla and to exposure apparatuses that
are used fSE)‘PerF%tb‘iai/ﬁ‘&"gi "?‘?d‘[“’t ﬁWSﬁﬁﬁ‘Pﬁngnet i c heads, image capturing 20
devi ces, (CCDs), _m cronmachi nes, MEMS devices, A chips, or, reticles
and madks. Fughrmaes, fgsebstrais RiRCAoRAT tbwn%mtﬁ@ﬁwse&iaéewg agt
above, the_ positions, of the mask stage 1 and the substrate stage 2
are measurlipiteddp g germisonducior pafes frtfehricsting somieqrdticterdnyices dyt qansle be
interferoneters, but the present invention is not limted thereto;
for exanpladaptechtoefie gtampleaglesmsuhspratedondisplayt deyicesl @tceramic wafor for ¢hin
(diffraction grating)

film magnetic heads, or the original plate of a mask or a reticle (synthetic quartz or a

silicon wafer) that is used by an.exposure apparatus.

15 The exposure apparatus EX can also be adapted to a step-and-scan type scanning
exposure apparatus (a.scanning stepper) that scans and exposes the pattern of the mask M
by synchronously moving the mask M and the substrate P, as well as to a step-and-repeat
type projection exposure apparatus (a stepper) that successively steps the substrate P and
performs a full field exposure of the pattern of the mask M with the mask M and the

20  substrate P in a stationary state.

Furthermore, when performing an exposure with a step-and-repeat system, the
projection optical system PL is used to transfer a reduced image of a first pattern onto the
substrate P in a state wherein the first pattern and the substrate P are substantially

stationary, after which the projection optical system PL may be used to perform a

25  full-field exposure of the substrate P, wherein a reduced image of a second pattern



25 provided to each of the stages 1, 2. In this case, a hybrid system
that conprises both the 73 interferoneter system and the encoder
syst em mayw@bsmwoiizessadopt ed. I n addition, in eachcefipdolhgosrsi7
enbodi ments di scussed above, an ArF excinmer |aser may be used as a

| i ght source apparatus that generates A F exciner |aser light, which
serves as the exposure Il%_t EL; however, as disclaosed in, for

exanpl e, (patiallysupaiposgpthe fransferrashisst patteraring siate Waesein the sseondmatieand
may be used that outputs pulsed light with a wavel en%th of 193 nm and
t hat conprthegbstran Pape substantiallyistatiprary (rain 2 stitbhinhtype fulkficldlekpposyreat e

| aser |ight source (such as a DFB sem conductor |aser or a fiber

| aser), a dppaetus). adphddifiar, theatitthingdyd drposuamnapparatue\ceh elagbbadaptedao &1 ng
part. Moreover, in the abovenentioned enbodi nents, both the

i |1 um nat i seap-andgiticoh topecexpbsroipprmisition sieegisbelyasteds 1k substtadnPandar , but
they may be some ot her shape, for exanple, arcuate.

Fur t hesnorgansfert # &ak t@b phiteneoihe e Febkngtedt RAHATRY APptRallyddipeipbdedal | Y
transm ssive mask is used wherein a prescribed shielding pattern (or

phase pattern ol gidiad) theRRdst R ifNentidn ée@ﬁdi%d:e%ﬂaﬁéﬂ RPidr eRdrthMe, an.
transm ssive substrate, however, instead of such a nask, a variable

pat tern f Qg ac %u{smem?ﬁﬁlb Mb%a?@&%%gﬁé}n%on% Ko a 15

mask, or an |nag gener at or ereln a transm ssive pattern,

%Ffe ) ltegg ] zg; BRI bydlerh BADUouBD b0 BRLLEES Liuh BAE y,baas?x?g‘fe St
| SCI OSse I n

pattorn T ston bt EE?E??I%L%F i angieeging GW%Z?? gfsgfosea%{z @ﬁa%ﬁy?ﬁ% ©
Csparilh RE§htsrsater 56H3TS ) TR adiition ie Fromm ePBGn o asp SFapiiet . fo

pattern form ng mask, provided with a non en ssi ve tyPe i.mage displ ay
devi ce, a ‘F&EDP fﬁpﬁoﬁ’r’ﬁfyﬂép%ﬁﬁ?ﬁ?‘ﬁ? E@af%anééﬁ?}FPEE@Je& 1QpienETni nous
type i mage di splay device may be provided. Exanples of a self

| uni nous type i Fngfditinns e gyescridnyeation %laés@é’ead@a@dm@éwavagw (CRT),
an inorganic el ectrolum nescence dis an ‘organic

el ectrol umknm@aﬂisswhiaycqmmapﬁlg@w of subgtate Hages.tas Wipclpswiia) for an
LED 25 display, an LD display, a field-em ssion display (FED), and a
pl asma di sghmple( PSPPatemNgsl §3406H, 62080 Hhandb,p62,796.

15 . The type of exposure apparatus EX is not limited to a semiconductor device
fabrication exposure apparatus that exposes the substrate P with the pattern of a
scmicbnductor device, but ;:an also be widely adapted to exposure apparatuses that are
used for fabricating, for example, liquid crystal devices or displays, and to exposure
apparatuses that are used for fabricating thin film magnetic heads, image capturing

20  devices (CCDs), micromachines, MEMS devices, DNA chips, or reticles and masks.

Furthermore, in each of the embodiments discussed above, the positions of the
mask stage 1 and the substrate stage 2 are measured using an interferometer system that
comprises laser interferometers, but the present invention is not limited thereto; for
example, an encoder system may be used that detects a scale (diffraction grating)

25  provided to each of the stages 1, 2. In this case, a hybrid system that comprises both the



Each of the enbodi nents di scussed above expl ained an exenpl ary case
of an exposure apparatus that is provided with the projection optical
syst em PLwdHudoohfyesqpr esent i nventi on can be adapt ed t opasexpasysie
apparatus and an exposing nmethod that do not 5 use the projection
optical system PL. Thus, even if the pfPjection optical systemPL is
not used, the exposure |light can be radiated to the substrate through
optical newsefwmelsyskster ang Higacodshzysism MahErshoHlorSdce can be for med
in a prescribed space between the substrate and those opti cal :
menbers. | n addile péhtiopyn ¢ash of thg embpdinfepisdiscussed amyeangyFeneimer laser
substrate P as disclosed in, 10 for exanple, PCT International

Publ i cat i omay20ed AD8B8l8Spurch epparabschat gemarates Adiexcimer dssnlighe, veldelpt ed
to an exposure apparatus (a |ithographic system) that exposes the
subst r at e- derwek tiditha ekpaserediptit Bpdwavepat dsatistlosed in, for eRampledE.8i Preeht MNaove,
t he exposure apparatus EX of the present enbodi ment is manufactured
by assesrbl 7,008,618 & BatfodledtyShRdPappaatudldy bais@PEA cugihd fulsee igheligent -
15 recited in the clains of the present application, so that
prescri bedyfREABRIEAD3 n@l 24 thdt 6ethprisd8Gn Qptitat AnpBE& PaRACGNESh Rds solid
mai nt ai ned. To ensure these various accuracies, adjustnents are

performed Hal &ell%ﬁfjso%fée?guch%ﬁD@%Hﬂ?&o\ﬁdu&&Bb&FBﬁgﬁﬁé}‘ l&@),ﬁﬁﬂ@?m to

achi eve optica curacy for the various optical systens,

adj ust nment . i C, i . th i chani cal
syst ens, aarllitloé:t laftigﬁa jglgtlfgg’n ﬁ{& o&%gﬁlﬁ%t\&g{)%r{g&{agél Rda?\é%?ggf/ﬂl or 20 the
vari ous el gel Ll GRbn Y S s el ol AT S0l ARSRILA NG L HEEXROSHT e
appar at us Trom tHe vari ous su%systems PHETTAES Y TeRRpTER thHe™
mechanj cal intercqnnection.of the various subsystens, the wiring-and
connectd orfegfm%’iaé’g’ﬁ ﬁ@&lmaé'i]%eéﬂl?’f:gfheh%p‘f’ﬁ%r eﬁ?‘ﬁ\é%garﬁ‘f?ae'connecti on of

t he at nospheric _pressure. circujt. turally, prior, to performng the
process of assefBIRHFHOrRE @fbatﬁpégga B Gisorehitone <8 oialE s
subsystens, there are 25 al so the processes of assenbling each

i ndi vi dual ra9emBisyive Bsk \wesd whraeip apEessabedrshicidingpatierp{pr phpse pasteEX@osur e
apparatus fromthe various subsystens is conplete, a conprehensive
adj ust nentdimmingpatigmyisoformedorsany apticdlly tpmsinissive adhstratachosevers instgad of
exposure apparatus as a whole. Furthernore, it is preferable to

manuf act ursech hmasgk posuatde patsar fkminginmsh (al$cecatied awetesthoaicanask, dnoactive
exanple, the tenperature and the cleanl.iness | evel 5are controll ed.
As sholMin imask| 5 af Image ganeratr) evhierzin a sashisive patan] xeflebtivt pattethe\or ae,

is manufactured by: a step 201 that designs the functions and

per f or managhoémitiig patteinds Gaitc@ Basea off bRPr@i2dith af the plttereRilRexgosdASK (a
reticle) based on this designing step; a step 203 that fabricates a

subst r at e, m¥heoled s difioRaSE rerkanpR] USS Phtba NiL¥i7e25R StSkfiatle
- pattem'formingl mask comprises a digital micromirror device (DMD), which is one kind
of a non-emissive type image display device (spatial light modulator). In addition,
.20 instead of a variable pattem forming mask provided with a non-emissive type image
. display device, a pattern forming apparatus that comprises a self luminous type image
display device may be provided. Examples of a self luminous type image display
device include a cathode ray tube (CRT), an inorganic electroluminescence display, an -
: organic electroluminescence display (OLED: organic light emitting diode), an LED

25  display, an LD display, a field emission display (FED), and a plasma display (PDP:



10 processing step 204 that conprises a substrate process (exposure
process) that includes, in accordance with the enbodi nents di scussed
above, ex L substrate with the exposure |ight i . sk
pattern aﬁ§§he9é %ﬁing t he exposed substrate; a deviceyggggwgpﬁﬁgg
step 205 (which includes fabrication pypcesses such as dicing,

bondi ng, and packagi ng processes); an inspecting step 206; and the

| i ke. 15Fuplesmerdisplay,paptlp f eat ures of each of the embodi ments

di scussed above can be appropriately conbi ned. There are al so cases
wher ei n sonme of Eatleoftbeiahbddimerits disewsesnt aboas expladtedunedemplaryfase éfani S
permtted, the disclosures in all of the Patent docunents such as
Japanese Rabpésike dppbiatusalidt &y pravidedvith tHeqireibitionrdptiédd Systdnk BL Chit 6% présehthe
above respective enbodi nents and nodified exanpl es, are incorporated

herein by jhedn@ibe &Ebe adBpted B dale’bdire dppafdfusBND &S B siAR RAEHRIIYBat B Abt

exposes a substrate with exposure |ight that passes through an

exposurse |dsg¥ﬂeg3roj8%ﬂr0%3ﬁéﬂ9§stem PLANTRRY E@eililﬁlﬂtﬁggpwfgéctiof{"ﬂf) BRRnARL i

18
energent surface wherefromthe exposure l1g rges, the substrate

bei ng posit.i i . i t he
substr ot o; oA AR e O b B s Ry ETR e MR AP Ol THRGE Hifiplly o
aliquid i rsion negber havi ng_an opgnjn hrough .whj ch t.h

exposure ITOHE PRSI TLe Emar o r2d sPRRE et AR rRe! Sheieendsg
di sposed be ﬁ¥’thﬁ ener gen su%face and the exposure |iquid being
suppl i ed FPBHHARdARGSE PPUEHLBFPOHSr t to an upper side space on the
upper side of the opening; . .a second supply, port, which supplies a
cl eaning i qui d® @d&lqnogaé@%n@ﬁs@ec%ﬁ?nswm theRHbsiste B apdisglpged in,
opening so as to contact the liquid_ innmersion nenber; and, ~a

pr everli veongxample BST nipmationst Bylication WO20PHERT 188, the prgsant inveriom e ng
to the upper side space fromthe | ower side space t.hrough the

openi ng, mrt@iadam@;ffpr@g cxprsucsapperatue (alithographic sstenattat exposes the
exposure liquid supplied fromthe first supply port to the upper side
space f| owsbstrated wiilea linevend-spadepatfeace t hr ough t he openi ng such that
the exposure liquid covers a portion of a surface of the substrate,
and As described above, the exposure apparatus EX of the present embodiment is

manufactured by assembling various subsystems, as well as each constituent element -
15  recited in the claims of the present application, so that prescribed mechanical, electrical,
and optical accuracies are maintained. To ensure these various accuracies, adjustments
are performed before and after this assembly, including an adjustment to achieve optical
accuracy for the various optical systems, an adjustment to achieve mechanical accuracy
for the various mechanical systems, and an adjustment to achieve electrical accuracy for
20  the various electrical systems. The process of assembling the exposure apparatus from
the various subsystems includes, for example, the mechanical interconnection of the
various subsystems, the wiring and connection of electrical circuits, and the piping and -
connection of the atmospheric pressure circuit. Naturally, prior to performing the
process of assembling the exposure apparatus from these various subsystems, there are

25  also the processes of assembling each individual subsystem. When the process of



a liquid i mersion space of the exposure liquid is formed so that an
optical path of the exposure light between the energent surface of
the optic nd the surface of the substrate is

t he exposﬁ*%gﬁan|d@ 2. An exposure apparatus accordlng hhﬁﬁ/Mh£q
wherein the preventive apparatus incluges a cover nenber for cIOS|ng
the opening. 3. An exposure apparatus according to claim2, wherein
77 t heaspamehimgtthe/expappeappacssustesen the lvaticlisrsgbsypiems at emnptlétata

rel easably holds the cover nenber. 4. An exposure apparatus according
to cl ai m Jompreleasine adjudteenttis padoimed toteheurb ediarigusqepaneib st théexposure
provided to the liquid i mersion nmenber. 5. An exposure apparatus
accor di ng dpparhtus\ehiefixdible. t FertinayR i iMfeRRBRY 13 s ufeffetha edosid
curtain in the vicinity of the opening. 6. An exposure apparatus
accor di ng dppaah@ii SleaR BN Rerein, fot éaﬁmfpwmé t@rH;Sérﬁ’thfé and tﬁeoaeﬁﬂnégy level
flowing the fluid fromone side to the ofher side of the opening. 7.
An expg@surg. alpaies us according to claims or claim®6, wherein the
fluid includes a gas. 8. -‘An exposure apparatus according to claim1,

Bherein et e ARYSAL HE: PRARLUR RESALNE: L ato Bl i ROr s and

prevents the cl éaning FOM f 1 oW f N sEac
b I

a}épi‘#pﬁ. éﬁ%wiag | B At egégé@m&e%ég;%ﬁe&m‘ ra%%%cf%ﬁ?ﬁﬁ?%%@ o 5,
i <poxe dpeimP e sher Pk e b Rl i i

| oner side of the qpening;
step 203 that fabricates'a substrate which is the base material of the device; a substrate

10 processing step 204 that comprises a substrate process {exposure process) that includes,
in accordance with the embodiments discussed above, exposing the substrate with the
exposure light using ttxe mask pattern and developing the exposed substrate; a device
assemblitlg step 205 (which includes fabrication processes such as dicing, bonding, and
packaging processes); an inspecting step 206; and the like.

15 Furthermore, the features of each of the embodiments discussed above can be
appropriately combined.. There are also cases wherein some of the constituent elements
are notused. As farasis permitted,‘ the disclosures in all of the Patent documents such
as Japanese Patent Publication and U.S. Patent and the like cited in the above respective
embodiments and modified examples, are incorporated herein by reference.

20



the second supply port is disposed outward fromthe flat surface with
respect to the opening. 10. An exposur e;appar at us according to claim
8 or 9, wherein the preventive apparatus prevents the cleaning
liquid fromcontacting the optical nenber by supplying the exposure
liquid via the first supply port. 11. An exposure apparatus according
to any one of clains 1 through 10, Wh&HdEn the first supply port is
di sposed closer to the optical nenber than the second supply port is.
12. An exposure apparatus according to any one of clainms 1 through
11, wherein the first supply port is disposed above the second supply
port. 78 13\n ¢xpoewpepparaiuafiphextosss asbeirade mothteapanye b thdt pessas ns 2

through 2y e EglRuiNRuEd, 88RpREng quid is supplied to a gap between
the liquid rnmer.sion mber. and a prescri bed nenber. 14. An exposure
hﬁf

appar at us acBOPHFH AP WaiRh has apfdpcrpent surfageehese HPPEHEP bl
suppl i ecntengea, hapulisatiteteing fuaitioned iaddr tivessgicalnmembdreturiap thesexposure of
prescriQ&QmﬁEﬁQ@r. 15. An exposure apparatus according to claim 14,
wherein the preventive apparatus prevents the cleaning liquid and
the optical afBHoEPPiyIoRh vhithaeppliy thsnexpanse Hgvidpy provi ding a barri er
bet ween t he adffuiCiadméreivhetensted hiigg pfi ep&findeeoushriddeh thbexpdvarelgasur e

. ohcnil g i GRS UTRIIGC (hAGxpiAmre
cover - minpoe itk bl ThTbhs: wEDRLTn brine olPelPelsbihe MAGHAAET

prescri sedaceeand dhe exppsurakiquiddwing wippiisairemdke Gt omRNRPTt © 281 Wb sids
wher ei n space on the upper side of the opening;

a second supply port, which supplies a cleaning liquid to a lower side space on the
lower side of the opening so as to contact the liquid immersion member; and

a preventive apparatus, which prevents the cleaning liquid from flowing to the upper
side space from the lower side space through the opening,

wherein during the exposure of the substrate,

the exposure liquid supplied from the first supply port to the upper side space flows
into the lower side space through the opening such that the exposure liquid covers a
portion of a surface of the substrate, and

a liquid immersion space of the exposure liquid is formed so that an optical path of
the exposure light between the emergent surface of the optical member and the surface of
the substrate is filled with the exposure liquid.

2.  An exposure apparatus according to claim 1, wherein
the preventive apparatus includes a cover member for closing the opening.

3. An exposure apparatus according to claim 2, wherein



the preventive apparatus has a hol ding apparatus, which rel easably

hol ds the cover nenber. 18. An exposur e-appar at us according to claim
17, wherein at |east part of the holding apparatus is provided to the
liquid imersion nmenber. 19. An exposure apparatus according to claim
18, wherein the barrier includes a fluid curtain. 20. An exgosure
appar at us adBopigreiveapeitaiumhana hojdmeappanatis that iglepspilyholilsshecayss 21.
An exposhémbappar atus according to any one of clains 13 through 20,
wherein the prescribed nmenber is novable with respect to the liquid

i mer si on nmenber. 22. An exposure apparatus according to claim 21,

f urt her 4onpii ipegurcapparaige aceandiofp ta dampyapheseini t h respect to the

liquid i mergsiqg paﬁ%mﬂihg%gér B is $ri@idRd RSEE LIREIR iAREE6n member.
constitutes part of the stagé. 23. An exposure apparatus according to

claim 22, wherein the stage includes a substrate stage, which hol ds
t he subst r at/m exdbsurAnappacpios ac@rdipg ar htwisraocordi ng to claim 22 or

claim 23, Whgl &lePentive abPitatdt ths! il 96%aiR i BRI GITESE the bf&fing Wher eon
n 25. ure

at | east one neasuring Instrument is nounted. n expo
apparatus according to any one of clains 22 through 24, wherein the
stage has t e agosurd appgeptuy ag@kding to claim 5, wherein

the fluid curtain is formed by flowing the fluid from one side to the other side of the

opening.

7. An exposure apparatus according to claim 5 or claim 6, wherein
the fluid includes a gas.

8.  An exposure apparatus according to claim 1, wherein

the preventive apparatus has the first supply port and prevents the cleaning liquid
from flowing into the upper side space by supplying the exposure liquid via the first
supply port to the upper side space.

9.  An exposure apparatus according to claim 8, wherein

the liquid immersion member has a flat surface that is disposed around the opening
and faces the lower side space on the lower side of the opening; and

the second supply port is disposed outward from the flat surface with respect to the
opening,

10. An exposure apparatus according to claim 8 or 9, wherein
the preventive apparatus prevents the cleaning liquid from contacting the optical
member by supplying the exposure liquid via the first supply port.

11.  An exposure apparatus according to any one of claims 1 through 10, wherein
the first supply port is disposed closer to the optical member than the second supply
port is.

12.  An exposure apparatus according to any one of claims 1 through 11, wherein
the first supply port is disposed above the second supply port.



26. An exposure apparatus according to any one of clains 13 through
25, wherein the prescribed nenber is clzﬁned by the cleaning |iquid.
27. An exposure apparatus according to y one of clains 13 through
26, wherein the liquid i mersion nmenber has the second supply port;
and the prescribed nenber is disposed so as to ogpose the second
supply pért ARSpospieaRpUsyE acepPas i 4y aeed cliimeg 2 tiyongly 1 bvéherdincl ai ms

1 through 26ue Wegifs Nqdiles dupplikditol AFBIBetwEtnTRIDEGNd Ridfheli6h $8688%nd a
suppl y port"b%aﬂlﬁﬁ exposur e’ apparatus according to any one of clains
1 t hr oudh®o8 *WEFEFh the 1iquid i mersion member is cleaned by the
cleaning liquid. 30. An exposure apparatus according to any one of

clai ms Ij4t hropghodde WREES Bedofing tdlhicth | 'WRI-Shon nmember has the

first supply rt.. 31. An expQsureé apparatus, accarding to any one of
claims 1 t hrt%fgéﬁalé@g, ﬁqlgé g @ Plschiorngn eEEEeRARe POy IEMCHn Medbenpnd a
al kal i neréscijbedinemBe.. An exposure apparatus according to any one of
clainms 1 through 31, further conprising: a liquid recovery port
for recovering at |east one of the exposure liquid and the cleaning
li qui d. 1933 ADReXpesyre aPPRBS aeording Fetlaiayl 4 3MsFeIR ng: exposi ng a
substrat e ushéygrePehti®¥ APSAHIRS PiRRatta thescl @ai@tiuidatdrha B)ti i thedfbe fiahns
1 thr Ou%gnt%gtinga(g}% another by providing a barrier between the optical member and the

prescribed member.

16. An exposure apparatus according to claim 15, wherein
the barrier includes a cover member, which is disposed between the optical member
and the prescribed member.

17. An exposure apparatus according to claim 16, wherein
the preventive apparatus has a holding apparatus, which releasably holds the cover

member.

18. An exposure apparatus according to claim 17, wherein
at least part of the holding apparatus is provided to the liquid immersion member.

19. An exposure apparatus according to claim 18, wherein
the barrier includes a fluid curtain.

20. An exposure apparatus according to claim 19, wherein
the fluid includes a gas.

21.  An exposure apparatus according to any one of claims 13 through 20, wherein
the prescribed member is movable with respect to the liquid immersion member.

22.  An exposure apparatus according to claim 21, further comprising:
a stage, which is movable with respect to the liquid immersion



devel opi ng the exposed substrate. 34. A nethod of cleaning an
exposure apparatus in which a substrate7gfsitioned bel ow an ener gent
surface of an optical nenber is exposed Wth exposure light, the
exposure light fromthe optical nenber passes through an exposure

|l iquid and an openi ng di sposed bel ow t he energent surface, the

subst r atmeember; exposure liquid is supplied to an upper side space on
t he upper siggrgh. t he opening, and the exposure liquid supplied to

t he upper siﬁe space [flo into.a | ower, side space on the | ower side
of the openi hEPERTIFGAIHRE SHRMIHES BULH BRSAEE he exposure | i qui d
covers a portion of a surface of the substrate, the nethod

conpri SIF9. Anp ex sﬁ@%@bﬂﬁtu@.a@éo?&iﬁg't@agiﬂf RPfer§R as to oppose a
liquid inmersion nenp aving t openlng@: an supplying a

cl eani ng | i die agoinciydes papetrate gogepxleh beldathesubsieats- i qui d i mer si on
menber and the prescribed nenber, while the cleaning liquid is

pr event fr ] I - | oner side
space tEﬁbudﬁpkhggﬁkggpﬁgm%H%ﬁM@ﬁgﬁ)@h@ﬁgﬁggﬁgﬁéiﬁﬂgkggnand t he

opti cal nentbe stageingludeehmeesurenaent s@ae.achareny A Aeastonstheasurigsinsgument
cl eani ngs meiuheed. according to claim 34, wherein the prescribed nmenber
is novable with respect to the liquid i mersion nenber. 36. A

cl eaning met hod according to claim 35, wherein t he exposure
appar at . hasn exposixstapparatub etairdigg pasty, onghrif chime L2 #gangh 24 sthdeein he
substrate; aRdstaglhas the §3EnPEDHPE pped menber includes a dummy
substrate, which’is held by the substrate holding part. 37. A

cl eaning met hod according to any one of clainms 34 through 36, further
conpri siZég: /st oppswg apparatses peloydiog td drey @leediclangé 13 tirdyghalf] wherein

el i mnating [ J €U ceseribed menber prior to
t he exposuréﬁ%ﬁﬁﬁﬁgégbggg%gggﬂg%%aB%ﬁ%ﬁggﬁﬁﬁgﬁlh?hod according to
claim 37, wherein the elinmnation of the cleaning liquid includes the
supply af7. t ben expjoeseappdratgsbctordiB@to dhydmeiofeldmbi b dadughoRayethbein

conprising: g, liquid immersion member has the second supply port; and
the prescribed member is disposed so as to oppose the second supply port.

28. An exposure apparatus according to any one of claims 1 through 26, wherein
the liquid immersion member has the second supply port.

29.  An exposure apparatus according to any one of claims 1 through 28, wherein
the liquid immersion member is cleaned by the cleaning liquid.

30. An exposure apparatus according to any one of claims 1 through 29, wherein
the liquid immersion member has the first supply port.

31.  An exposure apparatus according to any one of claims 1 through 30,



cl eani ng an exposure apparatus, which exposes a substrate with
exposure |ight that passes through an exgosure liquid, with a

cl eani ng net hod according to any one of clains 34 through 38;
exposi ng the substrate using the exposure apparatus after the

cl eaning js performed; and devel opi ng the exposed substrate. 40. An
exposur eVB§5pEr at us that exposes a substrate with exposure |ight that
passes t hr oubdiclamiex H@sidlisclhded wh dlkdUnd iguian exposure operation,
conpri si ng: an optical menber, which has an energent surface
wherefrom t he exposure |ight energes, the substrate being positioned
under tHe- opﬁli ploswerBRrale pevgding éo et slains 1 erougih3 . rfarter an
openi ng @ihippiemed bel ow the emer gent surface t hrough whi ch the

exposure I| omthe e ent surf pass ni ng
Terber, %ﬂlq% CRRIY aRBBn ey <Te <Ef5es BaF oh e mpeofBREd il e

| i ght umnlrlgﬁmumrgent surface and which is renovabl e fromthe
optical path; a first supply port, which supplies a first cleaning

l'i qui d; 3%pd /\\?ﬂ%ﬁé‘?ﬁga ﬁl%léf\{?tﬁgit whi.ch supplies a second cl eaning

i quid, BRI operation, the partitioning
nmenber is pespésigneshbotratsivsingtahexpmurcaipapatshaccrdmges pag uneof dlajuisd i s
suppl i eq 3%i4,§t space on the upper side of the opening and the
exposure éﬁl d supplied to the first space flows to a second space
on the Iovve e¥¢ Blé‘néfhec%@oﬁﬁiegﬁpﬁ&t%uch that the exposure |iquid covers
a portion of a surface of the substrate, and 82 wherein during a

opt 1 cal daf £t AR, of%{%%eﬂ%%' agb&“#%%P%%q%gﬁh? Sl P Rl liShdioian o,
space anff SHISEECHEEY e@ﬁa@@pﬂq mefbesis %P@S&ﬁ“ﬁ@l gxpggHre lighfpieicagosurom

the fir Sighﬁﬁ*@dﬁ: thle g@ﬁdal ﬁﬁnﬂ)eﬁpefssds&hmagm@ exlﬁﬂdretmﬁl@ﬁ@oﬁpbpéhﬁg%spgsed
L e t tao the,s

| d
a1 oS el SR g SR OB b aRR it o hURR T fiburter S
partit i ¢paasgpnrtberbener sislewd theelxineningt 4ndrthe prmosutediquitesuppliedwl the aper side

space flows into a lower side space on the lower side of the opening through the opening
such that the exposure liquid covers a portion of a surface of the substrate, the method
comprising:

disposing a prescribed member so0 as to oppose a liquid immersion member having
the opening,; and

supplying a cleaning liquid to the lower side space between the liquid immersion
member and the prescribed member, while the cleaning liquid is prevented from flowing
to the upper side space from the lower side space through the opening such that the
cleaning liquid and the optical member are prevented from contacting one another,

35. A cleaning method according to claim 34, wherein
the prescribed member is movable with respect to the liquid immersion member.

36. A cleaning method according to claim 35, wherein
the exposure apparatus has a substrate holding part, which releasably holds the
substrate; and



42. An exposure apparatus according to claim40 or claim4l, further
conprising: a liquid imersion nmenber, g@ich has t he opening;

wher ei n, the second cleaning liquidis supplied via the second
supply port so as to contact the liquid i mrersion nmenber. 43. An
exposure apparatus_according to claima42, wherein the |liquid

i mer si on neRbBresHIedmenhes spvies g gymynipBibstrata svhiah isdighbByithe substrate
appar at upldifsgestli ng to claim43, wherein the prescribed nmenber is

di sposed so as to oppose the second supply port. 45. An exposure
apparatus according to any one of clains 42 through 44, wherein at

| east pak/t of clesing mpthad dcaerding toanyendel claisisAdghroagh Bg, futtbersecond
cl eani ngolphidind: 46. An exposure apparatus according to any one of
clainms 42 claim45 vvheliei th& par it] (_)nic[;g menber is disposed in
the opti cal S[af’é’lpﬂlg&#etsw Rehbeglea ling&)‘ﬂ{“dsﬁn s to close the opening.
47. An exposlimenagdhatlesniag bouidifrog the pedsatibediemberjiriveto thergpossiragf
a hol di nge appRaL@t us, which rel easably holds the partitioning member
so that the partitioning nenber closes the opening. 83 48. An

exposure apparatus according to claim46 or claim47, wherein at
| east past of clehdngaledicdgcapimgat dhimS7pwhstehed to the [iquid

claim 42 {pough i (Ref KRasHE SRRl e ARBLIL R b A AR,

first supply port. 50. An exposure apparatus according to any one of

clains 40.t by aegle Abricdtingtini@hodemirissigng: a first recovery port,
whi ch recov%{esant he first cleani ”sgwh%c%“éx% in th

first, space. ,51. A
exposur o apisraiadn bt A wblcliBotel aisibotald By RRGG 1t el
conpr i sipagses threeghoancexpesue Hayidpwith a cldahiol metbed/ecerditgtosny ond of claims
cl eani ng4lth@ubsl38:n the second space.

exposing the substrate using the exposure apparatus after the cleaning is performed;
and

developing the exposed substrate.

40. An exposure apparatus that exposes a substrate with exposure light that passes
through an exposure liquid during an exposure operation, comprising;

an optical member, which has an emergent surface wherefrom the exposure light
emerges, the substrate being positioned under the optical member during the exposure of
the substrate;

an opening disposed below the emergent surface, through which the exposure light
from the emergent surface passes;

a partitioning member, which is positionable in the optical path of the exposure light
under the emergent surface and which is removable from the optical path;

a first supply port, which supplies a first cleaning liquid; and

a second supply port, which supplies a second cleaning liquid,

wherein during the exposure operation, the partitioning member is positioned
outside the optical path, the exposure liquid is supplied to a first space on the upper side of
the opening and the exposure liquid supplied to the first space flows to a second space on
the lower side of the opening such that the exposure liquid covers a portion of a surface of
the substrate, and



52. An exposure apparatus according to any one of clains 40 through
51, wherein the first cleaning liquid iggludes the exposure |iquid.
53. An exposure apparatus according to any one of clainms 40 through
52, wherein the exposure liquid includes pure water. 54. An exposure
apparatus according to any one of clains 40 through 51, wherein the
first cleaniWRFrenguringe »Glepnias spagtien tke payHonjpemSBLEsIs Pesitigaed inrfhe

exposur expipflasad, ltl& @@t@tﬁlﬁﬂm SiieinBefil posiAndd beblednthe At biHce Usd tedecond

wh
A expostie TEIRAERAN N MO noROEEES P il 6 fiidghanbme
wher ei n SaGOHdeéeﬁmlqurqubfs Sunlehqdrfecsn thelﬁedondeﬂmbely rost to theseeondspattie

second cleaning liquid. 57. An exposure appar atus according to any
one of cJ.ai 40 t hr ough 56, mh rrescri bed nmenber is

Tovabl o 4t FRi EURRGE OB SR ERIS HAT MRS exposur e 1 oht . 28,
An exposur e thppatbeusg ecodedismgovableckigh raspett td the bhecal pathpr i si ng: a

stage, which is novable with respect to the optical path of the

exposure _|ight; wherein, the prescrihed nenber, includes part, of the

stage. %9: M%%egﬁﬁep%'ﬁaﬁ%&o NG CIrigt Aot Paig Al fmler COmBrEng: ¢ he

stage i ncl uddﬁqu&l suthaticatneersieagehichhacthe bpbmisg;t he substrate. 60. An

exposure apg,ﬁ.[ }s according to claim59, wherein the stage has a
di ng

substrate ho dDart by which the substrate is held, and
the second cleaning liquid is supplied via the second supply port so as to contact the

liquid immersion member.

43.  An exposure apparatus according to claim 42, wherein
the liquid immersion member has the second supply port.

44.  An exposure apparatus according to claim 43, wherein
the prescribed member is disposed so as to oppose the second supply port.

45. An exposure apparatus according to any one of claims 42 through 44, wherein
at least part of the liquid immersion member is cleaned by the second cleaning
liquid.

46. An exposure apparatus according to any one of claims 42 claim 45, wherein
the partitioning member is disposed in the optical path of the exposure light so as to
close the opening.

47. An exposure apparatus according to claim 46, further comprising:
a holding apparatus, which releasably holds the partitioning member so that the
partitioning member closes the opening.



the prescribed nenber includes a dumry substrate held by the
substrate holding part. 61. An exposur egappar at us according to any
one of clains claimb58 through 60, wherein the stage includes a
measur enent stage, whereon a neasuring instrument that is capable of
perform ng an exposure-rel ated nmeasurenent is nounted. 62. An
exposur éfappit exnesugERBaius gceosdiag jo eain a6 oeflaimé7.58haréinough 61,
wherei n the a$1asehdaast thdBolaREARParatP N ProPREd to B3 1igMid ifRSBA iember.
apparatus according to any one of clains 40 through 62, wherein the
energent surface of the optical nenber is cleaned by the first

cl eani ngt% i i ekposure apparetup eseording ppamaenesfatdos A2 tigovgh 4 ywheran of
claims 40 t hpouGhd SAmeIGH BleMber has\Wefst §ipply forf. ¢l eaning 1iquid
supplied to the first space is filled in a gap between the opti cal
menber and the partitioning nmenber, the exposure light is emtted

f rom t heéloptArcatpormeiapparatu8sccobding fo alpvoreeffcktims datlirogghd, fiather
conpri Sid@nrising: €XPOSIi NG a substrate using an exposure apparatus
according to a one of clains 40 t hrough 64;  and deyelo?ing t he
exposed subgtiiatgcovesporh Wt EGowS Fheé%ﬁﬁ Ghegning liguisbin e N Sacst us
t hat exposes a substrate positioned bel ow an optical nenber with
exposur el i i . t t i-cal Vi C
exposur ?1[ i %{lﬁ (gfp%rg qﬁéﬁ%g g@‘"‘é’%ﬁ?ﬁ? %‘3' ot Of%%f%g%gﬁ‘ﬁ‘é“%l “Jb(grc ?@P TR ng
menber in arf spidaarovisht porbfwhigiereeqysss theseqangteicaningdiquidia thpsdcend
menber ; space. supplying a first cleaning liquid to a first space on the
upper side of the partitioning nenber;

52. An exposure apparatus according to any one of claims 40 through 51, wherein
the first cleaning liquid includes the exposure liquid.

53. An exposure apparatus according to any one of claims 40 through 52, wherein
the exposure liquid includes pure water.

54. An exposure apparatus according to any one of claims 40 through 51, wherein
the first cleaning liquid includes aqueous hydrogen peroxide.

55.  An exposure apparatus according to any one of claims 40 through 54, wherein
the second cleaning liquid includes an alkaline liquid.

56. An exposure apparatus according to any one of claims 40 through 55, wherein
at least part of the prescribed member is cleaned by the second cleaning liquid.

57. An exposure apparatus according to any one of claims 40 through 56, wherein



supplying a second cleaning liquid to a second space on the | ower
side of the partitioning member; renovigg the partitioning menber out
of the optical path; and elimnating the second cleaning liquid. 67.
A cl eaning nmethod according to claim66, further conprising:
radiating ultraviolet light in order to photoclean the optical
nmenber.  68.thapgssrited memhar ssmpyiplervith seppeeirip thesaptigal path ofthe gxpasyrean
exposur gigyppar at us, which exposes a substrate with exposure |ight
t hat passes through an exposure liquid, with a cleaning nethod
according to claim66 or claim®67; exposing the substrate using the
exposur e>3appsir expesurgfapparatul eceprdiag ingains S pdnfthervediprisimg: devel opi ng
the exposed ;4! which is movable with respect to the optical path of the exposure light;
wherein,

the prescribed member includes part of the stage.

59. An exposure apparatus according to claim 58, wherein
the stage includes a substrate stage, which holds the substrate.

60. An exposure apparatus according to claim 59, wherein

the stage has a substrate holding part by which the substrate is held, and

the prescribed member includes a dummy substrate held by the substrate holding
patt.

61. An exposure apparatus according to any one of claims claim 58 through 60, wherein
the stage includes a measurement stage, whereon a measuring instrument that is
capable of performing an exposure-related measurement is mounted.

62. An exposure apparatus according to any one of claims 58 through 61, wherein
the stage has the second supply port.

63. An exposure apparatus according to any one of claims 40 through 62, wherein
the emergent surface of the optical mermber is cleaned by the first cleaning liquid.

64. An exposure apparatus according to any one of claims 40 through 63, wherein

when the first cleaning liquid supplied to the first space is filled in a gap between the
optical member and the partitioning member, the exposure light is emitted from the optical
member.



85

65. A device fabricating method comprising:

exposing a substrate using an exposure apparatus according to any one of claims 40
through 64; and

developing the exposed substrate.

66. A method of cleaning an exposure apparatus that exposes a substrate positioned
below an optical member with exposure light, which emerges from the optical member,
via an exposure liquid, the method comprising:

disposing a partitioning member in an optical path of the exposure light under the
optical member;

supplying a first cleaning liquid to a first space on the upper side of the partitioning
member;

supplying a second cleaning liquid to a second space on the lower side of the
partitioning member;

removing the partitioning member out of the optical path; and

eliminating the second cleaning liquid.

67. A cleaning method according to claim 66, further comprising:
radiating ultraviolet light in order to photoclean the optical member.

68. A device fabricating method comprising:

cleaning an exposure apparatus, which exposes a substrate with exposure light that
passes through an exposure liquid, with a cleaning method according to claim 66 or claim
67;

exposing the substrate using the exposure apparatus after the cleaning is performed,;
and

developing the exposed substrate.





