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1 DESCRIPTION EXPOSURE APPARATUS, EXPOSURE METHOQOD,
AND DEVICE MANUFACTURING METHOD 5 TECHNICAL FIELD The
present invention relates to an exposure apparatus, an exposure method,
and a device manufacturing method. Priority is claimed on Japanese
Patent Application No. 2007-325078 filed on 10 December 17, 2007, and
Japanese Patent Application N@EROORIBAGBRS filed on December 28,
2007, the content of which is incorporated herein by reference.
BACKGROUND In a manufacturing procedure of micro devices such as
SemicOmNROR RV eEPAR AN S IECIFaISC ey Ve IH@ne ASNIS®EATCE
exposure apparatus which exposes a substrate to exposure light. The
exposure apparatus is proxisedWtITarRINGNgIIDEY ELUCh as a substrate
stage which holds a substrate and moves. The exposure apparatus
measures positional information of the moving body. The exposure
apparatus exposes the substrate with exposure light while moving the

TRCNMNICbadyesing the measurement 20 information. In the following
Patent Document, an example of a technique is disclosed in which the
positioniad pitsemaiiosntiolh ecevingbedpdsuregguraciisingesaatemethod, and
member. [Patent Document 1] US Patent Application Publication No.

a 28064ar 230 uZD DiBEASURE OF INVENTION 2 PROBLEMS TO BE
SOLVED BY THE INVENTION In a case where the positional information
of the Riingibotynednaakipacsesingnt Application No. 2007-325078 filed on

December 17, 2007, and Japanese Patent Application No. 2007-340875 filed on

December 28, 2007, the content of which is incorporated herein by reference.

BACKGROUND

In a manufacturing procedure of micro devices such as semiconductor devices
and electronic devices, there is used an exposure apparatus which exposes a substrate to
exposure light. The exposure apparatus is provided with a moving body such as a
substrate stage which holds a substrate and moves. The exposure apparatus measures
positional information of the moving body. The exposure apparatus exposes the
substrate with exposure light while moving the moving body using the measurement
information. In the following Patent Document, an example of a technique is disclosed
in which the positional information of the moving body is measured using a scale
member.

[Patent Document 1] US Patent Application Publication No. 2006/0227309

DISCLOSURE OF INVENTION
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the scale member, when a surface state of the scale member is degraded,

for example, foreign matter or the like exists on the surface of the scale

member, measurement error 5 occurs. Therefore, the positional

information of the moving body may nof be accurately measured. In

addition, it may be difficult to favorably carry out positional control on the
PRUBIIMS GYIB WSO VEDPB Y THH TIOWBAITION used. As a result,

exposure error may be generated, or a defective device may be

producgd. Aspuvpeseried sesmasnaciseiibe ROt iIsdORI9vidadaRured using

exposure apparatus 10 and an exposure method in which positional

theaoile érabnowhenaog e herdararablyaleandatbaut aegdredanIdre eimosle,
can be suppressed from occurring. In addition, another purpose of some

foasipacit@ditbe ivekdioriisstonpiRideracerite soaleufrReibengnestresidnt error
which defective devices can be suppressed from being produced. 15

odIEAN F o OthY NG tonid RREBAM Acheidingne wiiyshaspeebefldigirately
invention, there is provided an exposure apparatus which exposes an
mehjeciawitinexqisone itighiyei diffirellide $avorabljirgrbodyt pdliclotidldsnthe on
object and is movable in a predetermined plane, and in which a scale
theneonbies inelyding kb gr dinpois hapasath A onaasiyedment ayistam, wipobure error
measures 20 positional information of the moving body in the
mpyedegensiined! plandetisitigetievscalaayembeinesdetection system which
detects information regarding foreign matter on a surface of the scale
membarpinpotee s ieref de dorefghdiatterti@nt sogieanitghaRRALS apparatus
which is capable of cleaning the scale member. Here, a cleaning
anoparakposispeaiddioddd voin che@ddataaheondel ataondivigddaedgetactofavorably
result of the detection system. 25 According to a second aspect of the
caimisehbiaryridh ex@isypeaide damrbe xpppreadd appasatusivpichlexddsesamother
object with exposure light, including: a moving body which holds the
pwpisetdndris npeatslefitha predeieiisinedrplade a aledite whinlfatscalg method in
member including a grating is disposed; a measurement system which
whnchudigscaivededder systensuppressed from being produced.

MEANS FOR SOLVING THE PROBLEM

According to a first aspect of the invention, there is provided an exposure
apparatus which exposes an object with exposure light which includes: a moving body
which holds the object and is movable in a predetermined plane, and in which a scale
member including a grating is disposed; a measurement system which measures
positional information of the moving body in the predetermined plane using the scale
member; a detection system which detects information regarding foreign matter on a
surface of the scale member and the size of the foreign matter; and a cleaning apparatus
which is capable of cleaning the scale member. Here, a cleaning operation is performed
on the scale member according to a detection result of the detection system.

According to a second aspect of the invention, there is provided an exposure
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having a head being capable of facing the scale member and measures
positional 5 information of the moving body in the predetermined plane; a
detection system which detects foreign matter on a surface of the scale
member; a cleaning apparatus which i% capable of cleaning the scale
member; and a control apparatus which controls the moving body on the

appasitoWIRASERe i fpRvEHan of jbsureensraivraisysienddnd body which
controls the cleaning operation and change of a control mode of the

hon\igobRy ahterentbeab R coathatanpaiaits sandpen@ iR glesdiRgnember
operation and the change of the control mode when the detection system

indeigiais f@ratg: Maligioshich iseaaireaeeptakiernwhe BXpasuee arAaeidingystem
to a third aspect of the invention, there is provided an exposure apparatus
havigh axobes aopajaetonitesasuealightvieeaandptieadungpostional
including: a moving body which holds the object and is movable in a
infredstermndned planiagasud innlhayphicharatatel manbeardanelidingatghatingch
is disposed; a measurement system which includes an encoder system
ddieaneibaachbeing capable: off el sentb ensadiermadasingngpareasurdsch is
positional information of the moving body in the predetermined plane; an
capabierdiormaiier whichbiisban apdiaalopaibl appaeasxposistedigintols the moving
between the optical member and the object with a liquid, and forms an
bddyoargio bspactinzache: aleanintAthapparatiusméaitheaxgangsi¢heand controls
immersion space compared with that at the time of exposing the object
thaiott asifriespetiticla anihghanghefscadatmoe mbés.ohdeoraivintobadeurthiere, the
aspect of the invention, there is provided a device manufacturing method
contidhppakadesc axpasinm ahsubdsinding upingtitie adubsuienagpal diegontrol mode
according to the first to third aspects, and developing the exposed
wheibgiradete2bohcgateinddeasfiithcaapecitef thieidhvie mibo nctbpreis pradadegosure.
an exposure 4 method of exposing an object with exposure light,
includiAgcondiaguninglpabitipaed oo imatioticof therenoying wlbjeh kxposure
predetermined plane by an encoder system which uses a scale member
appheatmowihg hexjyoba! dingtjeet ohijdotx pesuindighe vioamingphicdymamder, including:

a moving body which holds the object and is movable in a predetermined plane, and in
which a scale member including a grating is disposed; a measurement system which
includes an encoder system having a head being capable of facing the scale member and
measures positional information of the moving body in the predetermined plane; an
immersion member which fills an optical path of the exposure light between the optical
member and the object with a liquid, and forms an immersion space; and a cleaning
apparatus which expands the immersion space compared with that at the time of exposing
the object and carries out cleaning on the scale member.

According to a fourth aspect of the invention, there is provided a device
manufacturing method which includes: exposing a substrate using the exposure apparatus
according to the first to third aspects, and developing the exposed substrate.

According to a fifth aspect of the invention, there is provided an exposure
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exposing the object; detecting information regarding foreign matter on a
surface of the 5 scale member and the size of the foreign matter; and
determining whether or not the scale member is cleaned on the basis of
the detection result. According to a sixﬂﬁ aspect of the invention, there is
provided an exposure method of exposing an object with exposure light,
miiEbIdIgx peeasusingpasitianadxidairoation afdheimo virgBieehekRional
predetermined plane by an encoder system which 10 uses a scale
infoambonAfanamant podjbdldingrédetabiestdrpnyinpthe snovirg H3eyn which
and exposing the object; detecting foreign matter on a surface of the
usscalecnembaiband padoipingdnadiaaging objtie, ehange @ thewagtsoly, and
mode when foreign matter which is not acceptable in the exposure is
expoteciatc AbfetdingetaiacseventnmsprheditheftiivntivattheiedSpravidetthe
an exposure 15 method of exposing an object with exposure light via an

scativahibembe thincluditghefifing amopticahpdtrefiliaiexpasunerighiot the scale
between the optical member and the object with a liquid; measuring

mpoddioRaldafeimativn bidkeMmbyingaotigactdsult.predetermined plane by
an encoder system which uses a scale member of a moving body holding

the objectriinyinctiietmaspag bbddie, ianeneopodiog: theeivjelet\ia ¢hposure
liquid; expanding the 20 immersion space compared with that at the time

methibe ot xppssiiey andigieaning thpsoaddighennbrdidgcoreing ig goGighithl
aspect of the invention, there is provided a device manufacturing method

infoiehine bids: rexpiogipgjacs itbstpatdetsimintiieptxrosy e Bietted system which
according to the fifth to seventh aspects; and developing the exposed

usss hsiralie ni2mBacof ding tanth Badin tio kB pe cho bt inveivilmn libarevisig body, and
provided an exposure 5 apparatus which exposes a substrate with

expopnsute lighitcindtetirigy donetwingdiedyon swifich of shale aivemdieber; and
including a grating is disposed, and which holds the substrate and is

penfonable thea letadiegermireathplanef die enaadensykterhewliochi pamatteeadhich is
being capable

not acceptable in the exposure is detected.

According to a seventh aspect of the invention, there is provided an exposure
method of exposing an object with exposure light via an optical member, including:
filling an optical path of the exposure light between the optical member and the object
with a liquid; measuring positional information of the moving object in a predetermined
plane by an encoder system which uses a scale member of a moving body holding the
object, moving the moving body, and exposing the object via the liquid; expanding the
immersion space compared with that at the time of the exposure, and cleaning the scale
member.

According to an eighth aspect of the invention, there is provided a device
manufacturing method which includes: exposing a substrate using the exposure method

according to the fifth to seventh aspects; and developing the exposed substrate.

According to the ninth aspect of the invention, there is provided an exposure
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facing the scale member and measures positional information of the
moving body in the 5 predetermined plane by the head; a drive system
which is capable of driving the moving body on the basis of measurement
information of the encoder system; a dgtection system which detects
information regarding a surface state of the scale member; and a control

appARAtWEMhistp caRtialsdriviegvahtbeptravinghodycnydihe: drive\sistiesdy on
on the basis of detection information of the detection system in the middle

whicBpasiRhibatsiihstiatind @ Actakdingitpadanii Bspadt pbldehrveptianie and
there is provided an exposure apparatus which exposes a substrate with

is expasiealighieinetudingdapmayving drdyan ywbhicvaiseale Masabeing capable
including a grating is disposed, and which holds the substrate and is

fatoy 88 dal @rpeadricind mech flpnrgiAniengoaes syaieMonteidamg beddin the
being capable of facing the scale member and measures positional

prinfenatiead plitebynawngkpdwiives fhepretrieimiapdRlandyitaehe moving
head; a drive system which is capable of driving the moving body on the

bdigsin aidasiswementivfocmatitvhoidoe entedeiceystsykiendeldeti@fion system
system which detects foreign matter on the scale member; and a control

whighalatuss Witiatn dirie meinetng apecificcatas: on thessulbsitatewithndhicbntrol
at least a part of an illumination area of the exposure light is overlapped

apphariforeigh coatieis sldispgsé themmaviaghedswre mediatesy atthemhdrcasis of
Here, the drive system does not use measurement information of the

destieaeinysianvindhehéickitstaten isyvebneintfie: speldikicofiag dsisgane eab sk
exposed. According to an eleventh aspect of the invention, there is
providad@mndexg as e n dpppratus wei divexposabacsishstraiéewith exposure
exposure light, including: a moving body 25 which holds the substrate and

appanaovabledh & poscleianhinedt plathes xpodure Whichiachetile: 6a menipebody on
including a grating is disposed; an encoder system which has a head

whieing scapahdembtfacihgling sgaiemeaembigsand, measties lpdditibralubstrate and
information of the moving body in the predetermined plane; a drive

is systahiewhigiprisicapabte dpriving tresdaviggtem which has a head being capable

of facing the scale member and measures positional information of the moving body in
the predetermined plane by the head; a drive system which is capable of driving the
moving body on the basis of measurement information of the encoder system; a detection
system which detects foreign matter on the scale member; and a control apparatus which
determines a specific area on the substrate with which at least a part of an illumination
area of the exposure light is overlapped when foreign matter is disposed on a
measurement area of the head. Here, the drive system does not use measurement
information of the encoder system in the first state in which the specific area is scanned
and exposed.

According to an eleventh aspect of the invention, there is provided an exposure
apparatus which exposes a substrate with exposure light, including: a moving body

which holds the substrate and is movable in a predetermined plane, and in which a scale
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body on the basis of measurement information of the encoder system; a
detection system 5 which detects information regarding a surface state of
the scale member; and a control apparatus which determines a specific
area on the substrate in which the megsurement information is
substantially unusable in the driving of the moving body, on the basis of
mégiestiaolidiamatianf e deiaction systant Haeai ngEohastwadid being
aspect of the invention, there is provided an exposure 10 apparatus
capAithaE¥posesia Sulistratehpithexpasidiedigitsitiehd tngsren Alioving thedyoving
which holds the substrate and is movable in a predetermined plane; an
bRIGAdRE pysierdrnivhédhpistapatie ofyneasuing posipabr! dffgivatieneahoving
the moving body in the predetermined plane; a drive system which
bBpablacb dilvoTgibis unaveng inashhandhef fasimaidneaswemenétection system
information of the encoder system; and a control apparatus which 15
whivAnizesca saomengain of dhelchdvesaytianinecospeciialamambataps sejvitrol
control of the moving body in the middle of the scanning exposure of a
apphaedtaseshinhldeingninesspgaititi cdaa thwibGaboeasurewleel ihtormeadieanadnt
the encoder system is abnormal on the substrate. According to a
intbittegidihiaspeatafiilie ingabilerinthererisippovided movexpbsdyeoRthe basis of
apparatus which exposes a substrate with exposure light, including: a
deteot tigi oty avbichr faddiz tei sulbgitake. and is movable in a
predetermined plane; a measurement system which has an encoder
systenAactding nierfeveifik tapsystEnhainicintien) theapahjeo il cdesuskpgsure
positional information of the moving body in the predetermined plane; a
apgeivesysteoh wipokesd tivab dhetenoitingk podyrolidhe ihakidiog measvitenbedy
information of 25 the measurement system; and a control apparatus which
whivitdlodds nheasibserntenind iniormatom tophedasechiced anthameaemtbodyem
from one of the encoder system and the interferometer system to the
whitterssysterte, stscositiup pooidimatdsfofthei athe sy shenitg bodyuisediafter
the switching such that output coordinates of the encoder system and the
predetermined plane; a drive system which capable of driving the moving body on the

basis of measurement information of the encoder system; and a control apparatus which
changes a servo gain of the drive system in a specific area or stops servo control of the
moving body in the middle of the scanning exposure of a shot area including the specific
area in which measurement information of the encoder system is abnormal on the
substrate.

According to a thirteenth aspect of the invention, there is provided an exposure
apparatus which exposes a substrate with exposure light, including: a moving body
which holds the substrate and is movable in a predetermined plane; a measurement
system which has an encoder system and an interferometer system which being capable
of mesuring positional information of the moving body in the predetermined plane; a
drive system which drives the moving body on the basis of measurement information of

the measurement system; and a control apparatus which switches measurement
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interferometer system at the time of the switching substantially continue,

and makes the 5 manner of continuing the output coordinates different at

the time of switching from one of the encoder system and the

interferometer system to the other system and at the time of switching

from the other system to the one system. According to a fourteenth aspect
infdringisy en e mstaateds R enddechand ®ee fivansiaciume g noedepsywbitnd the

includes: exposing a substrate using the exposure apparatus 10
inascatdiRg:ta o minhte dhisiegRtbnaspectsipicdeveinping e exRassdiem to

substrate. According to a fifteenth aspect of the invention, there is

bepiissddegeathexpashits sethodiuexnasioglinauh st aie suitbrRxResune and the
light, including: detecting information regarding a surface state of a scale

intedenbeedispasad anige mewog dhody wdniiy Roldsathrlisuwesitiate and ifakes the
movable in a predetermined plane; measuring positional information of 15

mthadnor g tadybphasepeossssysieswiichhasta gaddasing ing:Jeale one
member; scanning and exposing the substrate while driving the moving

ofhbelyrandbeshasis ah duessiceisenidriormaiio ahthatencydensysiemthe time
and controlling the moving body to be driven on the basis of the detected

ofi shakahadio framt ke mickdi eyofdhasdanmieg gxpasure of the substrate. 20
According to a sixteenth aspect of the invention, there is provided an
exposuieconittigad ofexpasitigagpsubstnateiwith tupakere il ghbtvidelldidguice
detecting information regarding foreign matter on a scale member

maispased gnnaethodingibb dycivdish hxglodiibe sibbstiatasansltie mxpaabte ip@ratus
predetermined plane; measuring positional information of the moving

acbodiiyytarhe mimdian systesntivhighe dhasadhkad]tadingtiib e sealednaersidae.
25 scanning and exposing the substrate while driving the moving body on
the basiscof@ngneastifemehtaspfernoditibnio? theendederisysieided an exposure
determining a specific area on the substrate with which at least a part of

mathadLni igisimaresubtiae: exjposkpedighilishouarlagpipeddeteetifgiaignmation
matter is disposed on a measurement area of the head; and

regarding a surface state of a scale member disposed on a moving body which holds the

substrate and is movable in a predetermined plane; measuring positional information of
the moving body by an encoder system which has a head facing the scale member;
scanning and exposing the substrate while driving the moving body on the basis of
measurement information of the encoder system; and controlling the moving body to be
driven on the basis of the detected information in the middle of the scanning exposure of
the substrate.

According to a sixteenth aspect of the invention, there is provided an exposure
method of exposing a substrate with exposure light, including: detecting information
regarding foreign matter on a scale member disposed on a moving body which holds the
substrate and is movable in a predetermined plane; measuring positional information of
the moving body by an encoder system which has a head facing the scale member;

scanning and exposing the substrate while driving the moving body on the basis of
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driving the moving body without using measurement information of the
encoder system 5 in a first state in which the specific area is scanned and
exposed. According to a seventeenth aspect of the invention, there is
provided an exposure method of expoging a substrate with exposure
light, including: detecting information regarding a surface state of a scale
mBASIREAE el sposed i a Mgy g dedy y whichibeigsi fivcsugsicaie ard is the
movable in a predetermined plane; measuring positional 10 information of

sulhigrmoOwing Wad by 1am enpadert sysieimmbithh has ahered ipciigdigigaale
member; scanning and exposing the substrate while driving the moving

oweoeyd thechasisi @f matsusamepotdafornationabihenencaddrby sk, and
and determining a specific area on the substrate in which the

dringastkemevih nhodpatiohois svistantiallyetiams abierinathen dfitiagmbiee system
moving body, on the basis of the detected information. 15 According to an

ineigiteentb aspatitofthepiviatien, iheramisprorddegdand exposure method
of exposing a substrate with exposure light, including: measuring
positionatdndonmatio reoé eennii agpbady, thdiakdnolols, thersubpttatidanthis
movable in a predetermined plane, by an encoder system; scanning and
expoposimgethedsohstpatanyhilaibdtivis gvifte axyodng higHy, trelidlasisaliing
measurement information of the encoder system; 20 and changing a
inf@tviat@aineghalahidvesayiiamdiivifig thelenavinbebdibyidciherspacifitngreedy
or stopping servo control of the moving body in the middle of the scanning
whkixpdsilde dkaubboh@raalinchiovabléha spesiiccareacihpiiiehntbesuring positional
measurement information of the encoder system is abnormal on the
infoinsitate oAdeonting gcbadyihstes Bilt@kpeags ehihehichaniiondhé fadimg the scale
provided an exposure 25 method of exposing a substrate with exposure
mbgterincluding maasyposigpdsittabsteinioitmatiom@fle moving badlyon the basis
which holds the substrate and is movable in a predetermined plane, by a
ofmeasuramanigysteipscHithingastt exposinc thiedstdostiaitey wipledidtvang: on
the moving body on the basis of measurement information of the
the substrate in which the measurement information is substantially unusable in the

driving of the moving body, on the basis of the detected information.

According to an eighteenth aspect of the invention, there is provided an
exposure method of exposing a substrate with exposure light, including: measuring
positional information of a moving body, which holds the substrate and is movable in a
predetermined plane, by an encoder system; scanning and exposing the substrate while
driving the moving body on the basis of measurement information of the encoder system;
and changing a servo gain of a drive system driving the moving body in the specific area
or stopping servo control of the moving body in the middle of the scanning exposure of a
shot area including the specific area in which the measurement information of the
encoder system is abnormal on the substrate.

According to a nineteenth aspect of the invention, there is provided an exposure

method of exposing a substrate with exposure light, including: measuring positional
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measurement system; and switching measurement information to be used
for driving the 5 moving body from one of an encoder system and an
interferometer system of the measurement system to the other system,
and setting output coordinates of the oéher system to be used after the
switching such that the output coordinates of the encoder system and the
infotetfeiametensysiemalyheHioheofdheswitehing shbsiandady cantinue.
Here, the manner of continuing the output coordinates is different at the

priRecahiR spiiabing oneLue ke Braadesysiennand $osing the substrate
interferometer system to the other system and at the time of switching

whitsnithenthiey sysiambedihenche Bystem méncosdivg: iafariwaniett aspect
of the invention, there is provided a device manufacturing method which
mbaslieesnexpasingaadRYIAE: UsHaguiae expiasoia aethoheasearindi®ing the
the fifteenth to nineteenth aspects; and developing the exposed substrate.

mabiAIDSANT G Bn© b1 Tl EnNYE NN Avecarding terdheiaventian; of the
exposure error can be suppressed from occurring, and device error can

mESStRRSSS o the eilitingy it Ein D&EHG R RTJQANCO-ihtEs of the other
DRAWINGS 20 FIG 1 is a diagram schematically illustrating a

sysamiigo tatine Oh&er exasmptehih san @xpastie apparativsdaaesdin thtoeadiiddr
embodiment. FIG 2 is a diagram illustrating an example of a control
sysystem it mexfiosuiacapparaius theconding tie W titsh e subodimiait: Eddinue.
3 is a cross-sectional view illustrating the vicinity of a final optical element,
Hé%,ahel maeksiof costinbarg dndoatpubsti@isiistieges dlfdréat 4tiha thlanofiew
illustrating the substrate stage and a measurement stage according to the
sWitsh iy hodines e Miodeplateimantubtraiingfdhendeinitseharo the other
alignment system, a detection system, and an encoder system according
sykoetinenfidsiteheliadino€ntyitching from the other system to the one system.
According to a twentieth aspect of the invention, there is provided a device
manufacturing method which includes: exposing a substrate using the exposure method
according to the fifteenth to nineteenth aspects; and developing the exposed substrate.
ADVANTAGE OF THE INVENTION

According to the invention, exposure error can be suppressed from occurring,

and device error can be suppressed from occurring.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram schematically illustrating a configuration of an example of
an exposure apparatus according to a first embodiment.

FIG. 2 is a diagram illustrating an example of a control system of the exposure
apparatus according to the first embodiment.

FIG. 3 is a cross-sectional view illustrating the vicinity of a final optical element,

an immersion member, and a substrate stage.
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5 FIG 6 is a diagram illustrating an example of a head of the encoder
system according to the first embodiment. FIG 7 is a side view illustrating
an example of the detection system according to the first embodiment.
FIG 8 is a flow chart illustrating an opelr@tion example of the exposure
apparatus 10 according to the first embodiment. FIG 9 is a diagram

illustraing ans epeAtiaeve iapRiei N the fRxRast stapPalaiumaceRidng ttige
the first embodiment. FIG 10 is a diagram illustrating an operation

acesaimiechtherexaasudemapparatus according to the first embodiment. 15
FIG 11 is a diagram illustrating an operation example of the exposure

apparais secopng iehnditsitamibiadineiity oiad 2lisrndiaghiamem, a detection

illustrating an operation example of the exposure apparatus according to
sykhentirshémbadisdentykikm kddsraifingr e Saembti¢alynilustrating an

example of a contact area 20 according to the first embodiment. FIG 14 is

a diagram dlustratingaaninparation axaxapiplobthehexposulie appaeiitistem

according to the first embodiment. FIG 15A is a diagram illustrating an

acopeliaigan exafinplenbsdemexposure apparatus according to a second
embodiment. 25 FIG 15B is a diagram illustrating an operation example of

the expiGuresklsidpparatiiacaonding doainplsetahel dabocinentnlr ecdfiding to
is a flow chart illustrating an operation example of the exposure
thappstratuisodaaending to a third embodiment. FIG 17A is a diagram
illustrating an operation example of the exposure
FIG. 8 is a flow chart illustrating an operation example of the exposure apparatus
according to the first embodiment.
FIG. 9 is a diagram illustrating an operation example of the exposure apparatus
according to the first embodiment.
FIG. 10 is a diagram illustrating an operation example of the exposure apparatus
according to the first embodiment.
FIG. 11 is a diagram illustrating an operation example of the exposure apparatus
according to the first embodiment.
FIG. 12 is a diagram illustrating an operation example of the exposure apparatus
according to the first embodiment.
FIG. 13 is a diagram schematically illustrating an example of a contact area
according to the first embodiment.
FIG. 14 is a diagram illustrating an operation example of the exposure apparatus
according to the first embodiment.
FIG. 15A is a diagram illustrating an operation example of the exposure

apparatus according to a second embodiment.

FIG. 15B is a diagram illustrating an operation example of the exposure
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5 apparatus according to the third embodiment. FIG 17B is a diagram
illustrating an operation example of the exposure apparatus according to
the third embodiment. FIG 18 is a diagram illustrating an example of a
specific area according to the third embodiment. 10 FIG 19 is a diagram
illustrating an operation example of the exposure apparatus according to

appe dhisdembpsineme Rezddmbolaveabart illustrating an example of a
manufacturing process of a micro device. 15 DESCRIPTION OF THE

REFEREON(GH SYMRQh& tlilIivbA&dn © i\6pler aion URMIPRAVEhS EAfokurd:
MEASUREMENT STAGE, 4: FIRST DRIVING SYSTEM, 5: SECOND

appithvINLe OMIIE M a GhiRUHIoEWMREACE, 9: CONTROL APPARATUS,
10: STORAGE APPARATUS, 11: IMMERSION MEMBER, 12:

INTERAERON E B §5 TRMy 4t TR G THONSISTEM td e 26bsure
ENCODER SYSTEM, 15: ALIGNMENT SYSTEM, 16: TIP OPTICAL

apphEMENTo 9  SOURP Y PERDI20:RECOVERY PORT, 21: LIQUID
SUPPLY APPARATUS, 24: LIQUID RECOVERY APPARATUS, 48: Y
HEADFHS: X ARiGANGONTAGE ARpdaGR ExEHRT o5 tB STHRATE
EXCHANGE POSITION, CP2: SECOND SUBSTRATE EXCHANGE

app@&tkl o iding s BO $lik EnhbadirheitP: EXPOSURE 25 POSITION, EX:
EXPOSURE APPARATUS, HI: FIRST REGION, H2: SECOND 12

REGIOIG. UQ i 4QUkDarh S iMidiatg QKON SIPRCIE { IYAER SN R EGIEINY, the

NCA: NON-CONTACT AREA, P: SUBSTRATE, PL: PROJECTION
th{odPdiBAdiiBMNETEM, RG: DIFFRACTION GRATING, TI: FIRST PLATE,

T2: SCALE MEMBER 5 DESCRIPTION OF EMBODIMENTS Hereinafter,

emboditaemesioh itiagrrentionradih pardesatibed sxidmpdéertteeiposure apparatus
according to the third embodiment.

FIG. 20 is a flow chart illustrating an example of a manufacturing process of a

micro device.

DESCRIPTION OF THE REFERENCE SYMBOLS

1: MASK STAGE, 2: SUBSTRATE STAGE, 3: MEASUREMENT STAGE, 4:
FIRST DRIVING SYSTEM, 5: SECOND DRIVING SYSTEM, 6: GUIDE SURFACE,
9: CONTROL APPARATUS, 10: STORAGE APPARATUS, 11: IMMERSION
MEMBER, 12: INTERFEROMETER SYSTEM, 13: DETECTION SYSTEM, 14:
ENCODER SYSTEM, 15: ALIGNMENT SYSTEM, 16: TIP OPTICAL ELEMENT, 19:
SUPPLY PORT, 20: RECOVERY PORT, 21: LIQUID SUPPLY APPARATUS, 24:
LIQUID RECOVERY APPARATUS, 48: Y HEAD, 49: X HEAD, CA: CONTACT
AREA, CP1: FIRST SUBSTRATE EXCHANGE POSITION, CP2: SECOND
SUBSTRATE EXCHANGE POSITION, EL: EXPOSURE LIGHT, EP: EXPOSURE

POSITION, EX: EXPOSURE APPARATUS, H1: FIRST REGION, H2: SECOND
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the drawings, but the invention is not limited thereto. In the following
description, the XYZ orthogonal coordinate system is assumed to be set,
and a positional relationship between the respective members will be
described with reference to the XYZ orthogonal 10 coordinate system.

The X-axis direction is assumed to be set in a predetermined direction in
RBGW@NONQ planeinhe S -BMis HRSTONN SPASTUTMNIBRII OBt REG HYRGHNITA :
perpendicular to the X-axis direction in the horizontal plane, and the Z-axis
NOFeCION T\ E@ESURTA, 12 S&/BSHTIR ATd [ @tiPRUIBATIONENGECHE SHOSTTEM,
perpendicular to the X-axis direction and the Y-axis direction. In addition,

R BIPRRINET NS GRANINGELX: RS hRIIAT Y aris SUWI eV axBEER e
assumed as the OX, the 9Y, and the OZ directions, respectively. <First
Embodiment> A first embodiment will be described. FIG 1 is a diagram
schematically illustrating a configuration of an example of an exposure

DERPREUTEIRXGEEMBODIVAS TSt embodiment. FIG 2 is a diagram
illustrating an example of a control system of the 20 exposure apparatus

EX acthyidingfterteambost@snvodimennentiva emnbesiteenibébieyexpadiace to
apparatus EX will be exemplified as an exposure apparatus which is

thprddisiagsybth tesubsinaismstage Lnnhichheadds a BuibstratkyRiagddscription, the
movable and a measurement stage 2 which does not hold the substrate P
Xazdopdigoms pretkiareanipadrmeassuiiament begardinbagxpisoie] @ationship
disclosed in the specifications of US Patent No. 6,897,963 and 25
betwicop eanrBpierivA ppdiadtovwRilbiakisorited . with k3fditdcd & thead¥iH@mthiogonal
this embodiment, the exposure apparatus EX will be exemplified as an
cdondiversicpsextposdilee ppaiatiswhichsexposed thdswhisitaterPdoyeanined
exposure light EL via a liquid LQ, as disclosed in the specifications of US
diRatemi iA pilcatiana Rl blicatioryNeis200at0R8B 728 duand thSHPateit a direction
Application Publication No. 5 2007/0127006. In FIGS. 1 and 2, the
peeppativnéaapparadiscbXdsqauravidedhwibordzomaskpdiageadd the Z-axis direction is
assumed to be set in a direction (that is, a vertical direction) perpendicular to the X-axis
direction and the Y-axis direction. In addition, rotation directions around the X axis, the
Y axis, and the Z axis are assumed as the 60X, the 0Y, and the 0Z directions, respectively.
<First Embodiment>
A first embodiment will be described. FIG. 1 is a diagram schematically
illustrating a configuration of an example of an exposure apparatus EX according to the
first embodiment. FIG. 2 is a diagram illustrating an example of a control system of the
exposure apparatus EX according to the first embodiment. In this embodiment, the
exposure apparatus EX will be exemplified as an exposure apparatus which is provided
with a substrate stage 1 which holds a substrate P and is movable and a measurement
stage 2 which does not hold the substrate P and performs predetermined measurement

regarding exposure, as disclosed in the specifications of US Patent No. 6,897,963 and

European Patent Application Publication No. 1,713,113.
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which holds a mask M and is movable, a substrate stage 1 which holds
the substrate P and is movable, a measurement stage 2 mounted with a
measurement member which does not hold the substrate P and performs
predetermined measurement regardin%lo exposure, a first drive system 4
which moves the mask stage 3, a second drive system 5 which moves

the supsti@iaisiage thiaReh Jodimens uie Ngs o ag paraBaSE MBMR&xemplified
(plate) 7 including a guide surface 6 which can move the substrate stage

ashandiiesiogaspieaienpiage Hachibipinatian systenelR whighexposure light
illuminates the mask M by the exposure light EL, a projection optical

EEysiemifilidihizhpojerssea patiespaaiagaiohths adatvhi A pilidinated by
the exposure light EL on the substrate P, a transport system 8 which

PubtiapontNthesudonste R, mdUBPh@apArilicatouPablansalsiehe entire
operations of the exposure apparatus EX, and a storage apparatus 10
200hioh2300Bnnected to the control apparatus 9 and stores a variety of
information regarding the exposure. In addition, the exposure apparatus
EX is piavidsd mdthl andhemersiore mgrambears BX 1d prbvidedan doamask stage 3
immersion space LS such that at least a part of an optical path of the
wkhasie lighisk Msafilad motathe liGuiskicide Jthgeimmigikdionspake dubsisate P
space which is filled with the liquid LQ. In this embodiment, water
an(piyitiedabrier hisdssasheat tieiQuitouQiedmadditiorathe exposigiaber which
apparatus EX is provided with an interferometer 25 system 12 which
dovenstiiiek] phsitidnahia P indperfahib @rasts siage Sietharsuleatraigasdage
14 1, and the measurement stage 2, a detection system (focus-leveling
expetactionfaystring 3sterhiciwileie ots ypositionaklnforgedtanan kel svesageem 5
of the substrate P held on the substrate stage 1, an encoder system 14
whbicihoneashe eshpositicralcnfandaionaithemsubsiigee stagacimantan(plate) 7
alignment system 15 which measures positional information of 5 the
inslulostrabecRidE herfiaterfevdiivhtensysieat Hsirsiuate @ dirdt dntettie nometee ment
unit 12A which
stage 2, an illumination system IL which illuminates the mask M by the exposure light

EL, a projection optical system PL which projects a pattern image of the mask M
illuminated by the exposure light EL on the substrate P, a transport system 8 which
transports the substrate P, a control apparatus 9 which controls the entire operations of the
exposure apparatus EX, and a storage apparatus 10 which is connected to the control
apparatus 9 and stores a variety of information regarding the exposure.

In addition, the exposure apparatus EX is provided with an immersion member
11 which can form an immersion space LS such that at least a part of an optical path of
the exposure light EL is filled with the liquid LQ. The immersion space LS is a space
which is filled with the liquid LQ. In this embodiment, water (purified water) is used as
the liquid LQ.

In addition, the exposure apparatus EX is provided with an interferometer

system 12 which measures positional information of the mask stage 3, the substrate stage
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measures positional information of the mask stage 3, and a second
interferometer unit 12B which measures positional information of the
substrate stage 1 and the measurement stage 2. The measurement
system 13 includes an illumination apparatus 13A which 10 emits
detection light, and a light-receiving apparatus 13B which is disposed in a

1, RiepetemeinacpRsitianad rolatienshithwithisms@esidadngiilluaeieation system) 13
apparatus 13A and receives the detection light. The encoder system 14

wiielugiesc¥ baeitioancodens dibh, od4ke sidfacand thd fubdiiak P@aRLIsA the
positional information of the substrate stage 1 regarding the Y-axis

sudiesiianagnt Anlinradensaears 14Bhamchlduvwbishsmeaguigckmation of the
positional information of the substrate stage 1 regarding the X-axis
subivesiiaitaddhr aalionmtinhsiags tddmclddes shpfisasiyeali@rmemilsystefation of
15A and a secondary alignment system 15B. The substrate P is a
thewbbttade for manufacturing devices. The substrate P includes a member
in which a photosensitive film is formed on a base material such as a 20
semicameustersyaiesiciorysamldnal sdisenfirafteiibe pbaioseinitiesiith
is a film of a photosensitive material (photo resist). In addition, on the
menlistrape tivarl oubd fitmsodidfatenniranthe phaiosensitivéifiterferaynber unit
formed. For example, in the substrate P, a protective film (top coat film)
1 2Bayhienforenadapthaiphatogensiitienfifithd kebmiask dvhencluaesha nedicieement
on which a device pattern projected to the substrate Pis formed. The 25
stipagk Mlinclidesitiamsparent rAaskadewdidihanphadeteippimadpaBarvhisch
formed using a 15 light blocking film such as chrome on a transparent
enpiatdesetivasdighasmdhé ghanspearen: ap@sktis 16Bliwliied iodsburadyimask
on which a pattern is formed by the light blocking film. For example, the
privdnispaient poasiomayeinthidaip tvadi iemectype thegloori@tpati@baratus 13A and
frequency modulation type mask. In this embodiment, as the mask M, the
retiansparedt b atias ki ghte mployedddarthete asthimohadls M | meeflactiviers 14A,
mask may be employed. The illumination system IL includes an
14{lyrviiance e¢foallbignopisoad pysieonal information of the substrate stage 1

regarding the Y-axis direction, and X linear encoders 14B and 14D which measure
positional information of the substrate stage 1 regarding the X-axis direction. The
alignment stage 15 includes a primary alignment system 15A and a secondary alignment
system 15B.

The substrate P is a substrate for manufacturing devices. The substrate P
includes a member in which a photosensitive film is formed on a base material such as a
semiconductor wafer, for example, a silicon wafer. The photosensitive film is a film of
a photosensitive material (photo resist). In addition, on the substrate P, various films
different from the photosensitive film may be formed. For example, in the substrate P, a
protective film (top coat film) may be formed on the photosensitive film. The mask M
includes a reticle on which a device pattern projected to the substrate P is formed. The

mask M includes a transparent mask on which a predetermined pattern is formed using a
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including an optical integrator and a blind mechanism, and illuminates the
exposure light EL with uniform illuminance distribution on a
predetermined illumination area IR, as disclosed in the specification of US
Patent Application Publication No. 20(1%/0025890. 10 The illumination
system IL illuminates the exposure light EL with uniform illuminance

ligliskiberian Amadlerst apamobthetagaMnvpial iscispaged onThe transparent
illumination area IR. For example, as the exposure light EL emitted from

mtRE i¥ wot natien systemaly, adeac onltiaviolatyaye(PidYdight Bycheasatmighting
line (g line, h line, and i line) emitted from a mercury lamp and the KrF

filgxcinmor laseiflvavelangipazdd nnmk anyachtlouebramiolehdigypelid{MKWY a spatial
light) such as the ArF excimer layer (wavelength 193 nm) and F2 laser

fréy@yele pgitulbionegparaasknploy s knibigiehehQdimBenmask Vg expesiirent
light EL, the ArF excimer layer of the ultraviolet light (vacuum ultraviolet

mlight} ingmplayedrifieemaskstiagsknasraflnask holding appasatphéd.
which holds the mask M. The mask holding apparatus 3H is attachable to
or detathalienfiomishe ynaskIMidolikdis d0ikomiediveajutheimnasptaldingem
apparatus 3H holds the mask M such that the lower surface (pattern
inthlidiingasuaca) wiébeumeskdM hiead meshshidsiamidiuliluishredtthérgpoXure light
plane. The first drive system 4 includes an actuator such as a linear
Elnwidr uhlfermaBknsiagec3iholisitioa tiaskivtaechisnatoivabiénitidieaXey IR, as
plane according to the operation of the first drive system 4. In this
dissniBediment speeifiasios el SShateno yaiplkcitithr ®a Rk atikecNon 2 AF 00 26 890.
axis, the Y axis, and the OZ directions in a state where the mask M is 16
Threitoyi tad onasgkidraltinghappatatub 3t pohegligiadibrvithtiodf aystdanihance
illuminates the exposure light EL on a predetermined illumination area
digpiibjeciioonaaekr BRR) phhe Prigjeatido MpiibalhsigsiapoRid @rofeditvanpaiternarea IR.

image of the mask M on at least a part of the substrate P disposed on 5
FdhexpropectionlareageRiat laght djectiontedagmifi cati dhuntinetpmo jgetion Bptictr

system PL has a final optical element 16 which can face the substrate P.
ulirhe dieatgpticaNelethersuch as a bright line (g line, h line, and i line) emitted from a
mercury lamp and the KrF excimer laser (wavelength 248 nm), a vacuum ultraviolet light
(VUYV light) such as the ArF excimer layer (wavelength 193 nm) and F, laser
(wavelength 157 nm) are employed. In this embodiment, as the exposure light EL, the
ArF excimer layer of the ultraviolet light (vacuum ultraviolet light) is employed.

The mask stage 3 has a mask holding apparatus 3H which holds the mask M.

The mask holding apparatus 3H is attachable to or detachable from the mask M. In this
embodiment, the mask holding apparatus 3H holds the mask M such that the lower
surface (pattern forming surface) of the mask M becomes substantially flush with the XY
plane. The first drive system 4 includes an actuator such as a linear motor. The mask
stage 3 holds the mask M and is movable in the XY plane according to the operation of

the first drive system 4. In this embodiment, the mask stage 3 is movable in three

directions of the X axis, the Y axis, and the 0Z directions in a state where the mask M is
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16 is an optical element which is disposed closest to an image plane of
the projection optical system PL among a plurality of optical elements of
the projection optical system PL. The final optical element 16 has a light
emitting surface (lower surface) 16U V\{I%ich 10 emits the exposure light EL
to the image plane of the projection optical system PL. The exposure light

hdidl snaidedabiomvibie jawphsuriesie. 16U of the final optical element 16 is
illuminated on the substrate P. The plurality of optical elements of the

projectias pplical sy sigivaPlyischelrl aylembates!thdexpoeubaliehk isn a

mounted on a frame member (barrel plate) which is 15 supported by three

prptlassnvidedn] RibinvABa{igR N enisMalclPREl, abhdipelgsatbinoptical system PL
pamphlet of PCT International Publication No. 2006-038952, the barrel PK

profdie agrajeationptidahsats N bimayeas Awpag ontBestipRatidedififsed on
which is disposed above the projection optical system PL. For example,

ththergeejestiareo pcal systgevtioh ofaghisienondinei psojeteidunasinitalOystem PL
system with a projection magnification such as 1/4, 1/5, 1/8 or the like.

hdsurtheil, dpecqrejaationiopiibrisysidacdthdraydoaany omaefigal optical element
non-magnification system and a magnification system. In this

1 embodiptieit e e apiasachxisds st the@esjactipniopgcalagysietheRirdfection
substantially parallel to the Z axis. In addition, the projection optical

oEisiemskinmaube@ny pinebfyeofalpacio Blsysiamofitkqubicatiacijoiral system
optical element, a 25 reflection system without a refraction optical

Plelermaatiaaidptiefletéiviemefaliion Isylstemitihgwiifacegtieetosuefatiepl 6U which
element and a refraction optical element. In addition, the projection

emjitidad systeuneR1gho &} be dorinedaplany dit@copraicunivertgdicaiayetandan The
upright image. The substrate stage 1 and the measurement stage 2 are

expavabliechnEhe giitd faurfacéot af thefdoasedthefmbelfinalojphiisl element 16 is
embodiment, the guide surface 6 is substantially parallel to the XY plane.

illhénatdastrathestab@rdtdiBlds the substrate P and is movable in

The plurality of optical elements of the projection optical system PL is held by a
barrel PK. The barrel PK is mounted on a frame member (barrel plate) which is
supported by three pillars via an anti-vibration mechanism. Further, as disclosed in a
pamphlet of PCT International Publication No. 2006-038952, the barrel PK of the
projection optical system PL may be hung on a support member which is disposed above
the projection optical system PL.

For example, the projection optical system PL of this embodiment is a reduction
system with a projection magnification such as 1/4, 1/5, 1/8 or the like. Further, the
projection optical system PL may be any one of a non-magnification system and a
magnification system. In this embodiment, the optical axis AX of the projection optical
system PL is substantially parallel to the Z axis. In addition, the projection optical

system PL may be any one of a refraction system without a reflection optical element, a

reflection system without a refraction optical element, and a reflective refraction system
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the XY plane along the guide surface 6. The measurement stage 2 is
disposed separately from the substrate stage 1 and is movable in the XY
plane along the guide surface 6. The substrate stage 1 and the
measurement stage 2 are movable to ﬁposition 10 facing the lower
surface 16U of the final optical element 16. The position facing the lower
wihHasfcbadnaipheafiorRhapticaleleprantid islugdesdhedtiuminadgion, the
position EP of the exposure light EL which is emitted from the lower
projutaca dplitafsiheciinal opticale ebemanisléynibe dasariiea halew athitan
illumination position EP of the exposure light EL facing the lower surface
upt@tahdhe final optical element 16 is arbitrarily referred to 15 as an
exposure position EP. The substrate stage 1 has a substrate holding

apparaths shibswite el dsattiethsuhsiraie ent Rerge IR siratadvalslingn the guide
apparatus 1H is attachable to or detachable from the substrate P. In this

suefadeosln et biive sidpsheat®. hdldihg appaditieni, Hhidaldizieh@usukist adgubstantially
such that the surface (exposure surface) of the substrate P is substantially

papvaliallel thetheyAfaky. plane suthersecone drive Bysie st inetUurlesdin movable in
actuator such as a linear motor. The substrate stage 1 holds the
theQDstpiiachland ikepausiariadhe. X \Thianeaceanding kg teisafigpatian of
the second drive system 5. In this embodiment, the substrate stage 1 is
sepevabldionsithelvasiicns oighd Xnddisnibealaxishthe ¥ fxis, dhe Oe thede
9Y, and the OZ axis directions in a state where the substrate P is held by
suifigcs b stidie dublding apparatisl s hidaslBerhbet stilgstPaie: simyableltas gosition
upper surface 17 which is disposed around the substrate holding
faeippatatusikrsurfabésl et lbddien éntl inaivgpemaniabe 1 7Thé fsittubsicaie the
stage 1 is flat and substantially parallel to the XY plane. The substrate
lostagaifatwscdJcditham plospiocal Eensulbdtiate lndiditdg ajypaiadtisd pbistion EP of
disposed on the inside of 5 the concave portion. In this embodiment, the
theippposueftight 1 of hieh Ssibstiatd Siagaht landtherfiudd 6@ afftthe sinbbtrpdieal
P held on the substrate holding apparatus 1H are disposed
element 16. In the description below, the illumination position EP of the exposure light

EL facing the lower surface 16U of the final optical element 16 is arbitrarily referred to
as an exposure position EP.

The substrate stage 1 has a substrate holding apparatus 1H which holds the
substrate P. The substrate holding apparatus 1H is attachable to or detachable from the
substrate P. In this embodiment, the substrate holding apparatus 1H holds the substrate
P such that the surface (exposure surface) of the substrate P is substantially parallel to the
XY plane. The second drive system 5 includes an actuator such as a linear motor. The
substrate stage 1 holds the substrate P and is movable in the XY plane according to the
operation of the second drive system 5. In this embodiment, the substrate stage 1 is
movable in six directions of the X axis, the Y axis, the Z axis, the 06X, the 0Y, and the 67
axis directions in a state where the substrate P is held by the substrate holding apparatus

1H.
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on substantially the same plane (becoming flush with each other). That is,
the substrate stage 1 holds the substrate P by the substrate holding
apparatus 1H such that the upper surface 17 of the substrate stage 1 and
the surface of the substrate P are dispgsed on 10 substantially the same
plane (to become flush with each other). The measurement stage 2 does
not hoiththaibsthat 9igsP PR MOUpHSHedatl aMenicRGY RSO BNdiEnd the
measurement member (optical component) which can perform a

supkdel ST R0 pIRASUECIFEN Fega GiNG RARRSY the PPN SRATUEENTEDE the
stage 2 is movable in the XY plane according to the operation of the

subsGanrctaAkdve systamnd. Jibtiiaddl ¢ phadinenhdheymeasuremeniusiageetage 1
is movable in six directions of the X axis, the Y axis, the Z axis, the OX,

hdhe candpheién drectiohsinehsldiayippieadidaabiadppdsell diethe inside of
measurement equipment and the measurement member are mounted in

thth®nnsasprioent stags 2mboaimeastienjgit stagee 1last @it upparate stage 1
surface 18 which is disposed around the 20 measurement member. In

arithherobfadinne ic thbstppePsisiiaos (3 alihearo éasdirgeMepirsiagePas Wadposed

and substantially parallel to the XY plane. In this embodiment, a control
orafparaiald aperates phasdeanehilip/asystam Sadoothat)a poBiiasnahe substrate

relationship between the substrate stage 1 and the measurement stage 2
stagn e hldjusiedsuck:thaythe vpiperathiddde d pphibhesubdsiiatetsiage: Lipper

and the upper surface 18 of the measurement stage 2 25 are disposed on
susfrostanivdlijethebsame phand dodraecméatieisih tvithubachtother).diobbd on

transport system 8 can transport the substrate P. In this embodiment, the
sulsetaspalitysyisterm papeaviciet owid futiangposhchenheer 8A which can load

the unexposed substrate P into the substrate holding apparatus 1H, and

a trangperineemieaercdBswupich doanndlbeld the exposedPsufisinate R fitemurement

the substrate holding apparatus 1H. Further, 5 the transport system 8 may
eqoipthtine substratesidntenthecsolxstiatei bl dimgpappanaitschd ampdrtoriaad

the substrate P from the substrate holding apparatus 1H using one
pridmspoited measurement regarding exposure. The measurement stage 2 is movable

in the XY plane according to the operation of the second drive system 5. In this
embodiment, the measurement stage 2 is movable in six directions of the X axis, the Y
axis, the Z axis, the 06X, the 0Y, and the 0Z directions in a state where at least a part of
the measurement equipment and the measurement member are mounted in the
measurement stage 2.

The measurement stage 2 has an upper surface 18 which is disposed around the
measurement member. In this embodiment, the upper surface 18 of the measurement
stage 2 is flat and substantially parallel to the XY plane. In this embodiment, a control
apparatus 9 operates the second drive system 5, so that a positional relationship between
the substrate stage 1 and the measurement stage 2 can be adjusted such that the upper
surface 17 of the substrate stage 1 and the upper surface 18 of the measurement stage 2

are disposed on substantially the same plane (to become flush with each other).
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member. The control apparatus 9 moves the substrate stage 1 to a first

substrate exchange position (loading position) CP1 which is different from

the exposure position EP when 10 the substrate P is loaded into the

substrate holding apparatus 1H. In ad 'btion, the control apparatus 9

moves the substrate stage 1 to a second substrate exchange position

(unloadiinoupaspien)yskh Whiahtiadibiatant fgruthe BXPOSHR pOSHOMER, the

when the substrate P is unloaded from the substrate holding apparatus
trakidpdit higembadirendedhafirstsubpbitiaexsheggevprsittan Rt unexposed

different from the second substrate exchange 15 position CP2. Further,

sutherfis PsHhsthatebxehRrN@edpastigaeiid ImayhEasiiikoio tensacgBavhich
substrate exchange position CP2 The substrate stage 1 is movable in a

capredieter thinechbasea bk @Rdeost tfros 6 tHa) hdidgh theppxpesuIeIpositiaAer,
EP and the first and second substrate exchange positions CP1 and CP2.

thd harspospestaystenagloan thedobsiraddadingapaibiencohdhamusitadens 1H
20 P into the substrate holding apparatus 1H of the substrate stage 1

andhigload meyeabstentb® flissh subsitateaexXeblidingeappsition OR hsimgadditi@nsport
the transport system 8 can perform an unloading operation of the

msétidsirate P from the substrate holding apparatus 1H of the substrate
stage 1 which is moved to the second substrate exchange position CP2.
Using Tthe doanspappaysisn Sidhs dentidlsappayaies1dcarfipe fobsirate exchange

substrate exchanging 25 process which includes the unload operation for
pasitioadiogding pxgidsaiiSPbsttath R tidfardd filoenstbsipieustagsition EP when

(substrate holding apparatus 1H) which is moved to the first and second
thsubbitate ®xichembyel positionsuCrhtamdITRZ appatihes IDAding apéasiantieor

loading the unexposed substrate P to be exposed next into the substrate
costiagieapp@abstatadveldingsEppatatusgtH toba Eheoimd mérsiare @eariere ibsition

can form an immersion space LS with the liquid LQ such that at least a
(uphridih gheoeipibeal G2 hwhi dh és el ffosutef tight ke eigpbilect wittittbe EP when the
substrate P is unloaded from the substrate holding apparatus 1H. In this embodiment,
the first substrate exchange position CP1 is different from the second substrate exchange
position CP2. Further, the first substrate exchange position CP1 may be similar to the
second substrate exchange position CP2

The substrate stage 1 is movable in a predetermined area of the guide surface 6

including the exposure position EP and the first and second substrate exchange positions
CP1 and CP2. The transport system 8 can perform a loading operation of the substrate
P into the substrate holding apparatus 1H of the substrate stage 1 which is moved to the
first substrate exchange position CP1. In addition, the transport system 8 can perform
an unloading operation of the substrate P from the substrate holding apparatus 1H of the
substrate stage 1 which is moved to the second substrate exchange position CP2. Using

the transport system 8, the control apparatus 9 can perform a substrate exchanging

process which includes the unload operation for unloading the exposed substrate P from
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liquid LQ. In this embodiment, the immersion member 11 is disposed in
the vicinity of the final optical element 16. The immersion member 11 has
a lower surface 11U which can face an object disposed on the exposure
position EP. In this embodiment, the 10.immersion member 11 forms the
immersion space LS with the liquid LQ'in an interval with the object such

ththalbhimeplicad patamtthe exaasyseiightus L Betweenithadiral tepticatst and

element 16 and the object disposed on the exposure position EP is filled

sewdt thssliguwad t@adhephhimeisiOr sRACE RS imfomveshstghohahtida for loading

optical path of the exposure light EL between the lower surface 16U of
thihenfinpd @aticisalasend b6 anpdibe mhjeetd hdisprsat amide exastie holding

position EP is filled with the liquid LQ. In this embodiment, the immersion
app@aaasLHis formed by the liquid LQ which is held between the final

optical element 16 and the immersion member 11 and the object facing

the finghepticatratamenhdé andihedmmarsionemaemipsckll. I ketbbiediquid LQ
facing the final optical element 16 and the immersion member 11 20
suctclides anobjeatiwiith ispimavabie o1 adighpesnitinghside {inMidige pianehe
side of the projection optical system PL) of the final optical element 16. In
lighig EQ@botintdntiite dobject tvbichnisRior adenbeihe lighispositing thicleiohity of
the final optical element 16 includes at least one of the substrate stage 1
tharfichihepnedslysinantstagheinmackiihone thieeobjeleis intbuaesihace 11U which
substrate P which is held on the substrate stage 1. In addition, the object
cadFdnehidesjs@riivs aasutennepbsnepbeitso(opHcallcohipandodsinetdtiahe
are mounted on the 21 measurement stage 2. For example, the final
inopticadelammeinir 1 émchitheérnmmeesiam Rpeotes Withold thgiddu@lih @n interval
between the upper surface 17 of the substrate stage 1 disposed on the
wikpsubgeasittothdt Phangting putfiacttlof thpsubstighe ., botthaitke final
immersion space LS can be 5 formed by the liquid LQ. In addition, the
offial efeticaltelé mehthibtobjrdttis posmbosidie erposber dokinold ERa difjlled k@h the
in an interval with the upper surface 18 of the
liquid LQ. The immersion space LS is formed such that the optical path of the exposure

light EL between the lower surface 16U of the final optical element 16 and the object
disposed on the exposure position EP is filled with the liquid LQ. In this embodiment,
the immersion space LS is formed by the liquid LQ which is held between the final
optical element 16 and the immersion member 11 and the object facing the final optical
element 16 and the immersion member 11.

The object facing the final optical element 16 and the immersion member 11
includes an object which is movable in a light emitting side (image plane side of the
projection optical system PL) of the final optical element 16. In this embodiment, the
object which is movable in the light emitting side of the final optical element 16 includes
at least one of the substrate stage 1 and the measurement stage 2. In addition, the object
includes the substrate P which is held on the substrate stage 1. In addition, the object

includes various measurement members (optical components) which are mounted on the
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measurement stage 2 disposed on the exposure position EP, so that the

immersion space LS can be formed with the liquid LQ. On exposing the

substrate P, the substrate P held on the substrate stage 1 is 10 disposed

on the exposure position EP so as to face the final optical element 16 and

the immersion member 11. The immersion member 11 fills the optical
mpaiirahihe gxgosure light EL between the final optical element 16 and the

substrate P with the liquid LQ at least when the substrate P is exposed,

so thaFtieiagesian SpacsptiSararBientoronad tidiedineid d{Qrisnigde 11 hold the

between the final optical element 16 and the immersion member 11 15

liqnd te swhstataduppehsthiatdheropticrl patirakthaexpasp@dbh ke exposure
emitted from the lower surface 16U of the final optical element 16 is filled

positivinerignidHeQuatdeast mhaibihars Postrater khisiexpastoh sadbaihen be
immersion space LS is formed. In this embodiment, the immersion space

folrhel$ Bormet grah hat tmpaidiabihenhsfdcsatabetdiiea supsthiReRmmersion
including the projection area PR of the projection optical 20 system PL is

menered hylthehddidgald QQAnLGLInGER:MRhiscusyrdga)fatdne bquid LQ is
formed between the lower surface 11U of the immersion member 11 and
mthsuserifanes fedPedipostidita theldxalos rthpoepesBRe sappar s snimXe i dhispace
embodiment employs a local immersion scheme. In addition, during
L$neaswwifogridthetingadige el stage 2, the measurement 25 member
mounted on the measurement stage 2 is disposed on the exposure
positicdrER g®3ia2 ths dobkacedPetinahbpticalPhedent the andithe stage 1 is
immersion member 11. The immersion member 11 fills the optical path of
ditpesedpostikeckgbtirt hafiners i e finab dpiicale EleaheptidH dachéhe 16 and the
substrate P using the liquid LQ at least during measuring by the
inmeasonemanben énberhs oninairthenimenession sipaabd ptadl patticrfmbe exposure
During 5 measuring by the measurement member, the liquid LQ is held
ligietiilebattheeiidal fipticaptietdrientch6 BnehthehénambensierPrwethn ber 1iduahdQ at
the measurement member such that the
least when the substrate P is exposed, so that the immersion space LS can be formed.

The liquid LQ is held between the final optical element 16 and the immersion member 11
and the substrate P such that the optical path of the exposure light EL emitted from the
lower surface 16U of the final optical element 16 is filled with the liquid LQ at least
when the substrate P is exposed, so that the immersion space LS is formed.

In this embodiment, the immersion space LS is formed such that a part of the
surface area of the substrate P including the projection area PR of the projection optical
system PL is covered by the liquid LQ. A boundary (meniscus, edge) of the liquid LQ
is formed between the lower surface 11U of the immersion member 11 and the surface of
the substrate P.  That is, the exposure apparatus EX of this embodiment employs a local
immersion scheme.

In addition, during measuring by the measurement stage 2, the measurement

member mounted on the measurement stage 2 is disposed on the exposure position EP so
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optical path of the exposure light EL emitted from the lower surface 16U of
the final optical element 16 is filled with the liquid LQ, so that the
immersion space LS is formed. FIG 3 is a cross-sectional view illustrating
the vicinity of the substrate stage 1 1(% hich is disposed on the final
optical element 16, the immersion member 11, and the exposure position

askeP fatbehetmer sipicaremsheh lois i@ iasinembenbehe 1 ImMmeEsi@mersion
member 11 is disposed in the vicinity of the final optical element 16. The

miiRer siofil meivberiddl pas antperpigukd i O BIppsiienfaaiTthinepawer
surface 16U of the final optical element 16. The immersion member 11 is

clpiridesl anithha suppiyeertidibd dareippiging Haet linuidd Qe-andiag by the
recovery port 20 for recovering the liquid LQ. The supply port 19 can

mekpbmihie liguitd:Qdatihelaptiaaldstheptie ESRasWefdighidEL uwerger to
form the immersion space LS. The supply port 19 is disposed on a

mpaeaeignyinednnesiiiemeitheinbae beoiguienes htltbbingdhe hptical optical
path in the vicinity of the optical path of the exposure light EL. In addition,

eléhe:eXpOShdatapipataitsor riexbsord ittt chavite R igHiens upphbappatathst the
21. The liquid supply apparatus 21 can deliver the liquid LQ which is
optleainedhasttiadiuptadrinlighopiratuiecd rersupptriveosuidcandihe liggithal
supply apparatus 21 are connected to each other via the flow path 22. The
ot patheli? irecivicidisdvsivi ey flquidatD, wiitbhtithéoimaeraorikpadsideioformed.
the immersion member 11 and a flow path which is formed in a supply
tube farlCoRneatingss2e ttiersilppy fiduspainaid thehigyick shppipstrate stage 1
apparatus 21. The liquid LQ delivered from 23 the liquid supply apparatus
whRithd sdigptied tonthte Sinapopticartkdneia tte fhevinpathsih nldrebsupplyapdrhe
19 supplies the liquid LQ from the liquid supply apparatus 21 to the
exppticad pathiof e eXpesuieéghtiEhe mbadditisrannaiihidamiadienentlibe
liquid supply apparatus 21 includes a liquid supply amount adjusting
inapparatusdndiediig adigiuec8 meahaivismy afriastifidwptieatrabere@nidthelhe
like. The liquid supply apparatus 21 can adjust a liquid amount supplied
inimé¢hesupplyiigort LBapen wpititinge 1&g thpdsipind sagqipdythe lower surface 16U of

the final optical element 16. The immersion member 11 is provided with a supply port
19 for supplying the liquid LQ and a recovery port 20 for recovering the liquid LQ.

The supply port 19 can supply the liquid LQ to the optical path of the exposure
light EL in order to form the immersion space LS. The supply port 19 is disposed on a
predetermined position of the immersion member 11 facing the optical path in the
vicinity of the optical path of the exposure light EL. In addition, the exposure apparatus
EX is provided with a liquid supply apparatus 21. The liquid supply apparatus 21 can
deliver the liquid LQ which is cleaned and adjusted in temperature. The support port 19
and the liquid supply apparatus 21 are connected to each other via the flow path 22.
The flow path 22 includes a supply flow path which is formed on the inside of the
immersion member 11 and a flow path which is formed in a supply tube for connecting

the supply flow path and the liquid supply apparatus 21. The liquid LQ delivered from
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amount adjusting apparatus. The recovery port 20 can recover at least a
part of the liquid LQ on the object facing the lower surface 11U of the
immersion member 11. In this embodiment, the 10 recovery port 20 is
disposed in the vicinity of the optical path of the exposure light EL. The
recovery port 20 is disposed on a predétermined position of the immersion
theeqohesudglfagipgrine surfaseppfitiachjestppotpdroovery RO a0, path 22.
plate-like porous member 23 including a plurality of pores is disposed.
THeWHHPly iboiie 9eappREY PRItidRidA INesbmftkieniyhigRupypaspaiatmRemberhe
in which a large number of small pores are formed in a 15 mesh shape
optiayl pedlishasedpbiydhisigmEidimenidattieasinaipambsaemienemsuripce supply
11U of the immersion member 11 is constituted by the lower surface of
aphePeseUSnoredebenidaidsggdditianothe f¥paswremppaiatus kdiig a valve
provided with a liquid recovery apparatus 24 which can recover the liquid

me&Darivg |ig uidsketowarynapbiaraiud 4 likeludTheal vacdiwimpEysippartous 21 can
absorb and recover the liquid LQ. The recovery port 20 20 and the liquid
adjasoy @iguappacains hptied corealppl jpeacd phiamviaimé avnatie 2ouid supply
The flow path 25 includes a recovery flow path which is formed on the
annsifieadfufiendmppersion member 11, and a flow path which is formed in a
recovery tube for connecting the recovery flow path and the liquid
recoveTicappavatypad 20hardigtuovetntrieanvepae b therdqoiklyQuaittROdbject
recovered to the liquid recovery apparatus 24 via the 25 flow path 25. In
fasiadition]awdhisigaeb ddithenthéHentiguitoresevebyradparhiisi Ldniboldides 2 4he
a liquid recovery amount adjusting apparatus including a valve

recoeehapistOaisnkgsfiahinabatvalleityastdibe pilkeal Paeh lifuld: kegosery light EL.
apparatus 24 can adjust a liquid amount recovered by the recovery port

TROrpeyvarytponte 0 $sndj sines didy uidar e caleeeyhaneduynisiadjusting appanaius.tbember
In this embodiment, the control apparatus 9 performs a liquid recovery

1 lofaeragidie wusifageioé ttecohiecy. pdrt 2@ eqaraliqlda 20jguitheulibdyporous member
operation using the supply port
23 including a plurality of pores is disposed. Further, in the recovery port 20, a mesh
filter which is a porous member in which a large number of small pores are formed in a
mesh shape may be disposed. In this embodiment, at least a part of the lower surface
11U of the immersion member 11 is constituted by the lower surface of the porous
member 23. In addition, the exposure apparatus EX is provided with a liquid recovery
apparatus 24 which can recover the liquid LQ. The liquid recovery apparatus 24
includes a vacuum system to absorb and recover the liquid LQ. The recovery port 20
and the liquid recovery apparatus 24 are connected to each other via a flow path 25.
The flow path 25 includes a recovery flow path which is formed on the inside of the
immersion member 11, and a flow path which is formed in a recovery tube for
connecting the recovery flow path and the liquid recovery apparatus 24. The liquid LQ

recovered from recovery port 20 is recovered to the liquid recovery apparatus 24 via the

flow path 25. In addition, in this embodiment, the liquid recovery apparatus 24 includes
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19, so that the liquid space LS can be formed by the liquid LQ between
the final optical element 16 and the object facing the immersion member
11 and the final optical element 16 and the immersion member 11. 10
The substrate stage 1 is provided wit tre substrate holding apparatus 1H
which is attachable to or detachable from the substrate P. In this

a BHUROEicoe Bty tha b SUALe OMPING ARPRI@tdsnbH Nelkkdesdhsasealleshpin flow
chuck mechanism. The substrate holding apparatus 1H faces the rear

condrbtiee ahdnBesllpstraig &l niieldsdheaigaiausface af dapissubritiadermount
The upper surface 17 of the substrate stage 1 is disposed in the vicinity of

redSviiredsuipgicaie algingapasatusil HmERLispse Atfifdoleiogeap pAi@ins
1H holds the substrate P such that the surface of the substrate P is

adsustanppliyaparallel to the XY plane. In this embodiment, the surface of
the substrate P held on the substrate holding apparatus 1H is

substantially pasadlizhtathcaperos ufpaathy Dherksnbstraiadiageydryldperation
addition, in this embodiment, the surface of the substrate P held on the

ushub geate badeing 2Q apppraius] tblalighibs uppeoperfdaoa dsinf dixesupply port
substrate stage 1 are disposed on substantially the same plane

19 ssdogtantiallygbreagmaed Busih witfoeaet pyhae)lituitis@ dedinend, fihe optical
substrate stage 1 has a plate member T which is disposed in the vicinity

elehtne bbbsirdie 6dfeeldainihesubsitaiéoholdingappanadutelfthdinoptiisl element
embodiment, the substrate stage 1 is attachable to or detachable from the

1 Phate RS imerakemnmbémiis Embodiment, the substrate stage 1 is provided
with a plate member 25 holding apparatus IT which is attachable to or
detachBiefhenathetplate impronided whth thissabsadimelidinthepplateus 1H which
member holding apparatus IT includes a so-called pin chuck mechanism.

is hhechidie roemixeadioldinfapphcaiusirhtsRlisposked émihweliieinityhef dhiestrate
substrate holding apparatus 1H. The plate member holding apparatus IT

hdhlies dhpabatosveH sucladesaf the glatepinariniedr nheahanlivoids fhieelowtetrate holding
surface of the plate member T. The plate member T has an opening TH

appavanisH HhésetbgitataR wdacbe fispededrate P and holds the rear surface of the

substrate P. The upper surface 17 of the substrate stage 1 is disposed in the vicinity of
the substrate holding apparatus 1H. The substrate holding apparatus 1H holds the
substrate P such that the surface of the substrate P is substantially parallel to the XY
plane. In this embodiment, the surface of the substrate P held on the substrate holding
apparatus 1H is substantially parallel to the upper surface 17 of the substrate stage 1. In
addition, in this embodiment, the surface of the substrate P held on the substrate holding
apparatus 1H and the upper surface 17 of the substrate stage 1 are disposed on
substantially the same plane (substantially becoming flush with each other).

In this embodiment, the substrate stage 1 has a plate member T which is
disposed in the vicinity of the substrate P held on the substrate holding apparatus 1H. In
this embodiment, the substrate stage 1 is attachable to or detachable from the plate

member T. In this embodiment, the substrate stage 1 is provided with a plate member
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The plate member T held on the plate member holding apparatus IT is
disposed in the vicinity of the substrate P held on the substrate holding
apparatus 1H. In this embodiment, the inner surface of the opening TH of
the plate member T held on the plate 9 member holding apparatus IT is
disposed to face the outer surface of the substrate P held on the

hauhgtrgigahalding appeiatusiddiabr sopiedeteiinbled-ganhd prielatember T. In
member holding apparatus IT holds the plate member T such that the

thisppebsdifRee HdheRlatenhanbrlilg sppatantiatyipaiallsl iedhaled pin chuck
plane. In this embodiment, the surface of the substrate P held on the

metihsiiaie haling-appaiaties Aotdiaadippertpparmsyifiags afdhe tptatecihty of the
member T held on the plate member holding apparatus IT are

subuhstantallypasplielts Eachnibglala additarmdnihispmbadimantatbethe
surface of the substrate P held on the substrate holding apparatus 1H

loard dneadppe tisuplacendithe pladadnendbeiclldhedd aiiftiee oflaie prembemnber T.
holding apparatus IT are disposed on substantially the same plane
(substediplliychaenitend flushmiibe giaghTethah2éh ThatissttatbiB can be disposed.
embodiment, the upper surface 17 of the substrate stage 1 includes at

Theashe paihbéitMehubet sivfice afdhedqplatedingrmperdileld andibpoptatén the

member holding apparatus IT. FIG 4 is a plan view illustrating the
vislistrstehstagatiaarillible nieaswigient $ielgen Pappari@uwetHronnttigs

above position. As shown in FIG 4, in this embodiment, an 25 appearance
enpbodioientothidinentorva)faddlog hlatponamid dfithéhgaxeYnplaneriT &&26 on the plate

rectangular shape. The opening TH of the plate member T in which the
mshibsiratédih gappbetdispdsediipinel cirtheesthapritén dinifesrifabiénsetrtive P held

plate member T is formed of a material with a low thermal expansion rate.
onlthe platerarehobéing dpfarmad Hf v\ optiakitglasse aigrial Kiregpl bte areumter

material (Zerodur (product name) made by Schott Co., or TiC, etc.). The
halpiperappeicates df the 1 kadie: plambesnibbad achd kepbbeppevitnfiespé didglate

the liquid LQ.
member is substantially parallel to the XY plane. In this embodiment, the surface of the
substrate P held on the substrate holding apparatus 1H and the upper surface of the plate
member T held on the plate member holding apparatus 1T are substantially parallel to
each other. In addition, in this embodiment, the surface of the substrate P held on the
substrate holding apparatus 1H and the upper surface of the plate member T held on the
plate member holding apparatus 1T are disposed on substantially the same plane
(substantially becoming flush with each other).

That is, in this embodiment, the upper surface 17 of the substrate stage 1
includes at least a part of the upper surface of the plate member T held on the plate
member holding apparatus 1T.

FIG. 4 is a plan view illustrating the substrate stage 1 and the measurement stage

2 as viewed from the above position. As shown in FIG. 4, in this embodiment, an

appearance (contour, outline form) of the plate member T in the XY plane is a
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In this embodiment, the upper surface of the plate member T is subjected
to a liquid repellency process. In this embodiment, a film made of a
material including fluorine is formed on the upper surface of the plate
member T, so that the upper surface liquid 10 repellency with respect
to the liquid LQ. For example, a material for forming the film includes

ret@drafilar aetpylenenpeptioigatiy bi mydgihescapelyeneritRifi¢h the substrate P can
polytetrafluoroethylene (PTFE), Teflon (Registered Trademark), or the

bdiiRpbiudheina ¢nalegmiper forming the film may be an acrylic resin or a
silicone resin. In this embodiment, the plate member T includes a first

plate Thwhickhhasliatent Siappriegnbhrd assoeord pfatendi@rvhiwitlisa low
disposed around the first plate Tl. The appearance (contour, outline form)

thefbhe disdpiaterdiein tBopYaplanariber TEstangidaoshnpsi @nditke material or a
appearance (contour, outline form) of the second plate T2 is a rectangular

ceshapembineatdisrotie @peniognahibensatobg Sate: T inAMoehtmedirsic.). The
plate Tl is disposed is a rectangular shape. The opening of the second

ufpateurdwosttine phileethapse Thaasituad efpbieeficstplaiectpeb ihide liquid LQ.
embodiment, a scale member including a grating RG is disposed on the

Instibstrate ditager 1thd hemcalefenbeidpdispaset arvunsutijecsebsiratiuid
holding apparatus 1H. In this embodiment, the scale member forms at

rejedishaypaidetihe Iipher subladiendit, affihe suldstodterstageallideidbisg fluorine is
embodiment, the second plate T2 serves as the scale 25 member

foimedddinghih epgxatingiRE dhtteepbvove adscriptiomhihtseppadspibtes hadsiquid
27 arbitrarily referred to as the scale member T2. In this embodiment, the

repgparcsuridcecopdbiers daddiqadib@r TEdraslinipid, sapelteiatyeadaingntheie film
liquid LQ. The upper surface of the scale member T2 substantially

inbledemes dfusirovithy te: reifiicerodlthdvsupistiate dp oty IPHA) on the 5
substrate holding apparatus 1H. The substrate stage 1 holds the substrate

pdPystctflinad tiey] eypp el Beltiadefbit iR aistar¢d dnldemhk ana theldurfadeuaher, a
the substrate P are disposed on

material for forming the film may be an acrylic resin or a silicone resin.

In this embodiment, the plate member T includes a first plate T1 which has an
opening TH and a second plate T2 which is disposed around the first plate T1. The
appearance (contour, outline form) of the first plate T1 in the XY plane is a rectangular
shape, and the appearance (contour, outline form) of the second plate T2 is a rectangular
shape. In addition, the opening of the second plate T2 in which the first plate T1 is
disposed is a rectangular shape. The opening of the second plate T2 has the same shape
as that of the first plate T1.

In this embodiment, a scale member including a grating RG is disposed on the
substrate stage 1. The scale member is disposed around the substrate holding apparatus
IH. In this embodiment, the scale member forms at least a part of the upper surface 17
of the substrate stage 1. In this embodiment, the second plate T2 serves as the scale

member including the grating RG.  In the above description, the second plate T2 is
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substantially the same plane. The scale member T2 is disposed such that
the upper surface thereof is disposed on substantially the same plane as
the first plate Tl of the substrate stage 1 and the surface of the substrate
P. 10 The scale member T2 includes Y, scales 26 and 27 for measuring
positional information of the substrate stage 1 regarding the Y axis

arBitectionandey eralera2@ apmahvi@rmeasuring positional information of
the substrate stage 1 regarding the X axis direction. The Y scale 26 is

disposedian shdodisiele, withugspeck tecthe apeqing Memmrd theny 1rgale

27 is disposed on the +X side with respect to the opening TH. The X 15
repeRiR ABaisatlispdsadt 0 1he.- Y Hidaippth seghechiaibecapaniigbeHTand

the X scale 29 is disposed on the + Y side with respect to the opening

subkanthely teealassAtuamel 1l deessetvnatbftine sibtiadirestigthastald on the
longitudinal direction, and include a plurality of gratings (grating line) RG

subdiiake ksl dligpasedaatal Aredetersainedpiteiyinithelys axsaiveetio®. silbRthat the
is, the Y scales 26 and 27 include one 20 dimensional gratings of which

uppé&r sylgceise dioscigdhe:Misx S 2iuedtions e Xoschles:BGrardP2Beadssaled on
with the Y axis direction as a longitudinal direction, and include a plurality

subb@ratingsiig raiingpine). R @ hwhicheare tisgoBR i ali Gopeadater thinekkpipgler

in the X axis direction. That is, the X scales 28 and 29 include one
suglinee nistoes! igrditipos @ owbidis e dye b dlizent pinis thethe dixis plitectionf 2he

In this embodiment, the grating RG is a refraction grating. That is, in this
subStremniragemenniy the Stisaades gz amck@athBve the refraction gratings RG

of which the cycle direction is the Y axis direction, and the X scales 28

and 2T haveathenkefitactithigehitiigsy R@lof Yohal Hefeynleadinéct poditinal

X axis direction. In addition, in this embodiment, the Y scales 26 and 27
infoeratiefledtiie sdaleain stagwhichganifle chivéy guatiniy{catactieXealraleti@8 and 29

grating) is formed such that the cycle direction thereof is the Y axis
fodimeckioring pesKisaal ésf@Brandi26f ahe aukftentiveagedlecgarding the X axis
direction. The Y scale 26 is disposed on the —X side with respect to the opening TH,
and the Y scale 27 is disposed on the +X side with respect to the opening TH. The X
scale 28 is disposed on the —Y side with respect to the opening TH, and the X scale 29 is
disposed on the + Y side with respect to the opening TH.

The Y scales 26 and 27 are set with the X axis direction as a longitudinal
direction, and include a plurality of gratings (grating line) RG which are disposed at a
predetermined pitch in the Y axis direction. That is, the Y scales 26 and 27 include one
dimensional gratings of which the cycle direction is the Y axis direction.

The X scales 28 and 29 are set with the Y axis direction as a longitudinal
direction, and include a plurality of gratings (grating line) RG which are disposed at a
predetermined pitch in the X axis direction. That is, the X scales 28 and 29 include one

dimensional gratings of which the cycle direction is the X axis direction.

In this embodiment, the grating RG is a refraction grating. That is, in this
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in which a reflective grating (reflective refraction grating) is formed such
that the cycle direction thereof is the X axis direction. Further, for the sake
of simplicity in the drawing, in FIG 4, the pitch of the 10 refraction grating
RG is shown significantly larger than t?g actual pitch. The subsequent
drawings are also the same. As shown in FIG 3, the scale member T2

eriiJuices tnhsieetscoilairt tken Me o esf 200 ape 0B REien wfech the cycle
attached to each other. The plate-like member 30A is disposed on the

dityepien siddd WZaside)ret tioa, pladatikx gearsbes 3BT heviefiagtinactdn gratings
grating RG is provided on the upper surface (which is the surface on the

RGLH6R)L R e yaweiretater ikeheErakierdd@Biidihe upper plate-like
member 30A covers the upper surface of the lower plate-like member

30B. Tihatdgitibhe uppes plabedike marioesaés povaas2thereefi@eidotive scale, in

grating RG which is disposed on the upper surface of the lower plate-like
whieimher3oB.c Idietielorafiiegradationtundaamape forthedraitchofiantgeating:

20 RG are suppressed. The upper surface 17 of the plate member T

dileclidehaduttdigily iepelingasaa The WRieheis28ispaskthes austldtieve scale,
opening TH, and a second liquid repelling area 17B which is disposed

inavbiuhchthedl Bea iqutitingedig tare eefrdési obherappgasdonaddmiihehfothe) cycle

of the first liquid repelling area 17A is a rectangular shape. The
dispepeardeesPh (hoXaltis diticteoform) of the second liquid repelling area

17B is a rectangular shape. 29 In this embodiment, the upper surface of

the firdtuyptate, Toisheaftesbisjuiglieive lind adeaw ihdAi reRIGt e thppétch of the

surface of the scale member (second plate) T2 is the second liquid
refepelingrarea RBiskshoexasigpléictel finat diguichnepe liog Angecl 7 ATdtemes

into contact with the liquid LQ of the immersion space (immersion area)
subSeyhichdpratindesdrdso the Guskrface of the substrate P when the

substrate P is subjected to the exposure operation. In the exposure

operationshb theisHisiraiehl stiake finshypiletd T Idsdadigh sheets of plate-like
members 30A and 30B which are attached to each other. The plate-like member 30A is
disposed on the upper side (+Z side) of the plate-like member 30B. The refraction
grating RG is provided on the upper surface (which is the surface on the +Z side) of the
lower plate-like member 30B. The upper plate-like member 30A covers the upper
surface of the lower plate-like member 30B. That is, the upper plate-like member 30A
covers the refraction grating RG which is disposed on the upper surface of the lower
plate-like member 30B. Therefore, degradation and damage to the refraction grating
RG are suppressed.

The upper surface 17 of the plate member T includes a first liquid repelling area

17A which is disposed around the opening TH, and a second liquid repelling area 17B
which is disposed around the first liquid repelling area 17A. The appearance (outline

form) of the first liquid repelling area 17A is a rectangular shape. The appearance

(contour, outline form) of the second liquid repelling area 17B is a rectangular shape.
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possibility of being illuminated by the exposure light EL. For example, on

exposing a shot area (which is a so-called edge shot area) in the

peripheral portion of the substrate P, the upper surface (first liquid

repelling area 17A) of the first plate legisposed around of 10 the

substrate P is also illuminated by the éxposure light EL. On the other
InhBiRdHbedE6ale, thepssr Fdrhas aflaw pesghiliyrofipaiogiltnjiteshOing area

the exposure light EL. In this embodiment, in consideration of an
17lurniaatienspeantity.of trarexposeireehghirEdecoid FREOELL to thesbtshalditid

Tl and the scale member T2, the material of the film formed on the upper
repeliageehtheBirstiolaéa abhpseditfe ranrt fromdthe ¢naigriadof Trecbitefarreebntact

15 on the upper surface of the scale member T2. In this embodiment, the
winadiesiniming) dhave thenfdi darspect oimhersippersyrfae picthpriitaidelatfom the

Ti have higher tolerance to the exposure light EL than the film formed on

suliigce ppeiestibacatoPthescéale supsnber PR, sibjeabeial tibesgdswadighration.
possibility that the film with tolerance to the exposure light EL (vacuum

ultravidiehbghtosiltdepbaribioddime aibsuglads matavapldibdtlisafor high
example, 20 when the first plate Tl is formed of a glass material, there is a
pdiighi possilbibiygthidiitieadbbwitie ilpoaneelight el expasusealighlt Fdn wilpbeng a
hard to form on the first plate T I. Therefore, as the embodiment, forming
shihexfos{wlath T sepandial\cdamibeaseslén thepdbphiidisposedfateundstrate P,
the first plate Tl is effective. Further, the invention is not limited to the
thabhppernefien@dsctliglirgidhinputdh PRAMalthe fiosnpeadestichlidiaisbdaround of
kinds of films with different tolerances to the exposure light 30 EL are
théoynbedann Rhie alaplusuiriaed by the sapoeuptdighaBl. th®firgiclioghie hand, the
repelling area 17A and the second liquid repelling area 17B are formed.
schicadditiber, TRehksndl ofvfipos sibiline dfas e ifitanliguid igpdltiegpareaclvoht EL.  In
may be the same as the kind of film formed as the second liquid repelling
tharemiotBmEnt;, axeonpideriitinay bendliffii@ati thaquenlytpioé thdigupd nepalgthgEL
area is formed on the same plate. In addition, in this embodiment, at least
wahpaspot the thp festuatadel ehthéhplatdennemiber T2nkhy bavambdfubh filithformed
the surface
on the upper surface of the first plate T1 is different from the material of the film formed

on the upper surface of the scale member T2. In this embodiment, the materials other
than the film formed on the upper surface of the first plate T1 have higher tolerance to
the exposure light EL than the film formed on the upper surface of the scale member T2.
In general, there is a high possibility that the film with tolerance to the exposure light EL
(vacuum ultraviolet light) will be hard to form on a glass material. That is, for example,
when the first plate T1 is formed of a glass material, there is a high possibility that the
film with tolerance to the exposure light EL will be hard to form on the first plate T1.
Therefore, as the embodiment, forming the first plate T1 separately from the scale
member T2 disposed around the first plate T1 is effective.

Further, the invention is not limited to the above-mentioned configuration, but it

may be formed such that two kinds of films with different tolerances to the exposure light
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of the substrate P. That is, the surface of the substrate P and the upper
surface of the plate member T may be different in height. In addition, in
this embodiment, the plate member T is configured to assemble the first
plate Tl and the scale member T2, but3 e 10 plate member T may be
formed of a single plate. Alternatively, the plate member T may be formed
EhibiRennates Ok Meer Asfabovmib &kl itcthisembaginemidaepelling area
longitudinal notch may be formed at the edge of the -Y side of the first
1 atedTthelfee dmt el isd aspeachpeasthe Barsgbpastion Iohtkyist tatakendiof film
with respect to the X axis direction. A measurement plate 31 is 15
foelispbsetheofithaipsiiefisicedha nMpichofhz loegitudinatispriel whitlhniSormed
formed of the notch of the first plate Tl and the scale member T2. A
asrgferencadmgikdripisiHigpesed7 Beartie canies, iorigntef diicient that only one
measurement plate 31 with respect to the X axis direction. In addition, a
liglidlepeme@sirongs patiesa ¢alithpatermnpiale forlmarttondatBpadiabioagenisat
formed on the +X side and the -X side of the reference mark FM with

lefiesppaittortine Xpplraxisadi e¢tibe plfersbiidaiterm Sl bisctans adsbnatie the surface
measurement plate 31. The slit pattern SL constitutes a part of a spatial

ofithagebneasWind hpapardiesuticA adicofuliitrprifeing Gk ippensadtingfahe
spatial image is symmetrically disposed with respect to the center of the
plaefenentenTanal bt Hidfeexarpheighe slith pdtizionSin ihiaretshbped:, the plate
pattern of which the sides are aligned along the X axis direction and the Y
maixibetlTectioniZorAdtesnativalylctiie Slitpsiter® Sinisthwadine areshib@altBrbs: the
which are respectively 31 extended in the X axis direction and the Y axis
pldicaatiohel Mersgaitafomagieofiesiagiing appardiem3advielglutle pithe slémber T may
pattern SL, an optical system which illuminates light via the slit pattern
beShraad & light ndaeivingnedeenent which receives light via the optical
system. In this embodiment, at least a part of the 5 optical system of the
spatialAmsdgeymeaBIi Ay iapharatuisod drisndj sposeduaiintieninside of bthformed at
substrate stage 1.
the edge of the —Y side of the first plate T1. The notch is formed near the center portion
of the first plate T1 with respect to the X axis direction. A measurement plate 31 is
disposed on the inside (inside the notch) of a longitudinal space which is formed of the
notch of the first plate T1 and the scale member T2. A reference mark FM is disposed
near the center portion of the measurement plate 31 with respect to the X axis direction.
In addition, a slit-like measuring pattern (slit pattern) SL for measuring a spatial image is
formed on the +X side and the —X side of the reference mark FM with respect to the X
axis direction. The slit pattern SL is formed on the measurement plate 31.  The slit
pattern SL constitutes a part of a spatial image measuring apparatus 32. A pair of slit
patterns SL for measuring a spatial image is symmetrically disposed with respect to the
center of the reference mark FM. For example, the slit pattern SL is an L-shaped

pattern of which the sides are aligned along the X axis direction and the Y axis direction.

Alternatively, the slit pattern SL is two linear slit patterns which are respectively
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Next, the interferometer system 12 will be described. The interferometer

system 12 measures positional information of the mask stage 3, the

substrate stage 1, and the measurement stage 2 in the XY plane. The

interferometer system 12 is provided %1With a first interferometer unit 12A

for measuring positional information of the mask stage 3 in the XY plane,
exddidiedsaaapXintesfgienieiehrinihd 3Bafas MeREYHNG positional information

of the substrate stage 1 and the measurement stage 2 in the XY plane. As

shownTiReFsk(atibl ingfisshiieifeometentunisd 2Alicdpsanida pattem BBEin optical

interferometer 33. The first interferometer unit 12A illuminates
sySi@asuresnentiighitenaht imgriepacainssrfagel IR githe ¢snask slagend

by the laser interferometer 33, and measures the positional information of
wHiéhmask stage Svimaskob)aagasding the hiaxdmbbdin{caxiar 1and dharOd the

directions using the measurement light via the measurement surface 3R.
ophis BhgveninoF ieSpitandnds dhensaaehic iipataroansater disfoldBos prolisidd of

with laser interferometers 34, 35, 36, and 37. The second interferometer
theRitbbaBdlktminates 20 measurement surfaces 1RY and 1RX of the

substrate stage 1 by the laser interferometers 34 and 36, and measures

the positioneidnfospatarel histsubblrait] sadesdrilsadstrilie Mjerkparding

the X axis, the Y axis, and the OZ directions using the measurement light
systanmthe measuee psiti suifacesnRi et iRXadk ageitiynhénatsecanstage 1, and

interferometer unit 12B illuminates measurement surfaces 2RY and 2RX
thehibestmeastremen? siage X Ve . 23Tlasatténferdarowiateneds Andpddyided
and measures the positional information of the 32 measurement stage 2
whdgafiingntbefekoaxiss theilyl A soand dhe i@y pdseitiohsnfisingtibe of the mask
measurement light via the measurement surfaces 2RY and 2RX. The
stdas ey iimthefdt¥kier, 34d| lusatoates thdenoaaseir @nie h? Bglok aretlering positional
measurement surface 1RY of the substrate stage 1. The measurement
inferfaced Rivthis shldispesedzen thd drdnseirfacenehtienge2sioehefXieplane.
substrate stage 1, and includes a reflection surface perpendicular to the Y
axis. The dasen int&iiGromitdi36iiterfarateser unit 12A is provided with a laser
interferometer 33. The first interferometer unit 12A illuminates measurement light on a
measurement surface 3R of the mask stage 3 by the laser interferometer 33, and measures
the positional information of the mask stage 3 (mask M) regarding the X axis, the Y axis,
and the 0Z directions using the measurement light via the measurement surface 3R.

As shown in FIGS. 1 and 4, the second interferometer unit 12B is provided with
laser interferometers 34, 35, 36, and 37. The second interferometer unit 12B illuminates
measurement surfaces 1RY and 1RX of the substrate stage 1 by the laser interferometers
34 and 36, and measures the positional information of the substrate stage 1 (substrate P)
regarding the X axis, the Y axis, and the 6Z directions using the measurement light via
the measurement surfaces 1RY and 1RX. In addition, the second interferometer unit

12B illuminates measurement surfaces 2RY and 2RX of the measurement stage 2 by the

laser interferometers 35 and 37, and measures the positional information of the
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the measurement light on the measurement surface 1RX of the substrate
stage 1. The measurement surface 1RX is disposed on the end surface
of the +X side of the substrate stage 1, and includes a reflection surface
perpendicular to the X axis. The second 10 interferometer unit 12B
illuminates the measurement light on the measurement surfaces 1RY and

mdRAdhestasen iptesfarpmatexsadkaind $GixaAL8eRMES dt@ctions using the

measurement light which is reflected on the measurement surfaces 1RY

meRdtR&nSethatinaPesiiionahdnfeumatianeithe sorsirate stage 1 in

positions (displacement) of the measurement surfaces 1RY and 1RX with

respecip R RIRIENeemPR IO M tidhite MR M MBRGE IR Rk XIS,
and the OZ directions) is measured. In addition, in this embodiment, the

miBSEFIMGITRIPMGIARBAraRd 36 st de g MUltTAXig QS MG BIER Y is

has a plurality of optical axes. The measurement values of the laser

didpssdaramatarsd3hanc 36 @ke oUW tioke aouitiel aRpaiatMRIIndinges a

control apparatus 9 can obtain the positional information of the substrate

refilRgR 1 fAGRIRIPIVRISHRE IO Of IREX e, 1B Tnfritr ShRRP 58X thinates

9Y, and the OZ directions on the basis of the measurement results of the

thiesRhsiteraromatess &4 ards3Rnldif asRciiRICHIMEtaIbRdIbIBUBAIES The

the measurement light on the measurement surface 2RY of the substrate

m8igR AelhRMRAIRRMEM soitacsh 2RciRl disResed @B the endofun@ssostrate
of the -Y side of the substrate stage 2, and includes a 25 reflection surface

stRerpensiculandesthecYiaxisn Thedaspeiniaderomesans X iluminates 33ote

measurement light on the measurement surface 2RX of the substrate

in®AgR Aeldh &Nt eABUIRIRER Y HRGA AR JS it PeRe o0 dhteand GHERGRfaces
of the +X side of the substrate stage 2, and includes a reflection surface

1emrntckiay tRethe ot mxisfclhaaesondatateferameteivwnithbdBeasurement light
illuminates the measurement light on the measurement surfaces 5 2RY

whid BReflbytéheingrritaiemmeiang 22 Ary3in N XeeeiNRs dhiepositional

measurement light which is reflected on the measurement surfaces 2RY
infdieh 2%, FARBILBRE POSIIGN&lin positions (displacement) of the measurement
surfaces 1RY and 1RX with respect to the reference position, that is, the XY plane (X
axis, Y axis, and the 6Z directions) is measured. In addition, in this embodiment, the
laser interferometers 34 and 36 include a multi-axis interferometer which has a plurality
of optical axes. The measurement values of the laser interferometers 34 and 36 are
output to the control apparatus 9. The control apparatus 9 can obtain the positional
information of the substrate stage 1 regarding five directions of the X axis, the Y axis, the
06X, the 0Y, and the 6Z directions on the basis of the measurement results of the laser
interferometers 34 and 36.

The laser interferometer 35 illuminates the measurement light on the

measurement surface 2RY of the substrate stage 2. The measurement surface 2RY is

disposed on the end surface of the -Y side of the substrate stage 2, and includes a

reflection surface perpendicular to the Y axis. The laser interferometer 37 illuminates
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information of the substrate stage 2 in positions (displacement) of the
measurement surfaces 2RY and 2RX with respect to the reference
position, that is, the XY plane (X axis, Y axis, and the OZ directions) is
measured. In addition, in this embodirg nt, the 10 laser interferometers 35
and 37 include a multi-axis interferométer which has a plurality of optical

thaxesashhendifashement valuesohdhesiasard RN IOMElaEs Breafted 2 arerhe
output to the control apparatus 9. The control apparatus 9 can obtain the

mp@sitionalt NigrottRN of dng sidastiniBetagudfiegarding v gidirectiensudtirate
the X axis, the Y axis, the OX, the 9Y, and the OZ directions on the basis

stafdhe me asnanentositis olithe dasepdhlitigfesamelersidd anek3écond
Next, the measurement stage 2 will be described with reference to FIGS.

infer2roandet uhhel PEEARUMEIARRBEagaduk PraNighl witlha pledaliyngdnt surfaces
measurement equipment and measurement members (optical

2ROMPDPR NSy feeesto imisierarionssBeasdEMenseof wxphsuieaddieMent light
predetermined position of the upper surface 18 of the measurement 20

whidlgs Zeficbirsd pichsuremardimeamefacs BRYevide® K, wohikiht shp @edisonal
pattern is formed so as to transmit the exposure light EL. For example,

intbenfinsdbmefasuraimenienembearizosnnsiitidep adqeait af) afpatiatidiagaent
measuring system 39 which measures spatial images by the projection

supfiiealRystam Moas disclgsed i diersfeeaikiegiisitioh UkaPiaiehd XY plane (X
Application Laid-Open Publication No. 2002-0041377. On the first

aXRETIKE A tRE oTeIibaicks) thenexppstre lighi&Etids, llminatgoloneihenhe
projection optical system PL 34 for measuring imaging characteristics of

laiBei RiGiReIRR ERITRhAYSP M Rkdclhm SRRkl iMagersneastineBRepRAality
is provided with the first measurement member 38, and a light receiving

ofelpmantier reqaiving dneexpaskRdiobt fé M thapeeusepatiemaafithe are
first measurement member 38. The control apparatus 9 illuminates the

oRpPOSUIR gt RbpaRaths JirstThe ashfiemgparaginbeas 8bans RCed¥RFonal

the exposure light EL via the porous pattern of the first measurement
infoRmpRnh S By thedight reaivinglemertvsaiiRations of the X axis, the Y axis, the
06X, the 0Y, and the 6Z directions on the basis of the measurement results of the laser
interferometers 35 and 37.

Next, the measurement stage 2 will be described with reference to FIGS. 1, 2,
and 4. The measurement stage 2 is provided with a plurality of measurement equipment
and measurement members (optical components) for performing various measurements
on exposure. On a predetermined position of the upper surface 18 of the measurement
stage 2, a first measurement member 38 is provided in which a porous pattern is formed
so as to transmit the exposure light EL. For example, the first measurement member 38
constitutes a part of a spatial image measuring system 39 which measures spatial images
by the projection optical system PL as disclosed in the specification of US Patent

Application Laid-Open Publication No. 2002-0041377.  On the first measurement

member 38, the exposure light EL is illuminated from the projection optical system PL
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the measurement of the imaging characteristics of the projection optical
system PL is performed. In addition, on a predetermined position of the
upper surface 18 of the 10 measurement stage 2, a second measurement
member 40 is provided in which a tragimission pattern is formed so as to
transmit the exposure light EL. For example, the second measurement

fomnapabefi Ko RRMIEURS e R HRE dMNAY plsptidheFati g WeASPING The spatial
system 41 which measures wave front aberration of the projection optical

inBySlemRlriag Gigclasediinibeisaeciftaationint keepranatemie 38, and a
1,079,223. On the second 15 measurement member 40, the exposure

lidight &ivis dlui@inated fieoeiiagiejexposueplicht BYSIRNhE bdaiupasiiing the
wave front aberration of the projection optical system PL. The wave front

fidbgigadigenieaasisiitgsyStenThel dsnprsvigpal-withdhieuseieand the exposure light
measurement member 40, and a light receiving element for receiving the

Eexpake feright askrafige th enpaiieet S paiier feotiths secoxsbeaBpheMeRia the
member 40. The control 20 apparatus 9 illuminates the exposure light EL

paoUhpaseaobitReasursantmemmbeiier 38dyaeeiuds BeBipgsymdighto that
EL via the porous pattern of the second measurement member 40 by the

thight segenigy efelsantagiadhhbihadrieasuse me gk thie e filaktem PL is
aberration of the projection optical system PL is performed. In addition, on
peafpreddtermined position of the upper surface 18 of the 25 measurement
stage 2, a third measurement member 42 is provided in which a 35
transniissilitipattenmiprtalnethsedpddtitansimiicthppexpoduce liglf Hle. For
example, the third measurement member 42 constitutes a part of an
memevendiustigance saeasinemant systammMBeyich preadades wigvien
illuminance of the exposure light EL as disclosed in the specification of
trdoShiRatientNoerh, 4603631 Ornthe thindnmehsusgroant mgimbér 4Fob ¢kemple, the
exposure light EL is illuminated from the projection optical system PL for
senvadsusng rénennavarbdldhicandeuafsth @ @x pd swevight kilabeniatids measuring
illuminated on the image plane
system 41 which measures wave front aberration of the projection optical system PL as
disclosed in the specification of European Patent No. 1,079,223.  On the second
measurement member 40, the exposure light EL is illuminated from the projection optical
system PL for measuring wave front aberration of the projection optical system PL.
The wave front aberration measuring system 41 is provided with the second
measurement member 40, and a light receiving element for receiving the exposure light
EL via the porous pattern of the second measurement member 40. The control
apparatus 9 illuminates the exposure light EL on the second measurement member 40,
and receives the exposure light EL via the porous pattern of the second measurement
member 40 by the light receiving element, so that the measurement of the wave front
aberration of the projection optical system PL is performed.

In addition, on a predetermined position of the upper surface 18 of the

measurement stage 2, a third measurement member 42 is provided in which a
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of the projection optical system PL. The uneven illuminance measuring

system 43 is provided with the third measurement member 42, and a light

receiving element for receiving the exposure light EL via the porous

pattern of the third measurement memjtger 10 42. The control apparatus 9

illuminates the exposure light EL on the third measurement member 42,
traiiehieseivpaithe R¥peskiesightts braigninanRosepsspatiesataithe HyFdxample, the

measurement member 42 by the light receiving element, so that the

thireasusareeRhofhihabeneyeonttinnnperobthe expasiitulighbide Weasurement
performed. In this embodiment, the upper surface of the first

syQieasty evRRIM ieRibey dikvihiei lllimuppee stdacexpbine: SREOML as disclosed in
measurement member 40, the upper surface of the third measurement

thewpahfic stziilg Upriisitiacel 1o nBdse measi emenhsisge dsnhiabritber 42,
disposed around the upper surfaces of these measurement members 38,

thé@xposhid2igte Elisposediaatsd bstantialprshe sameptansyfiethBPIXér measuring
plane) (substantially becoming flush with one another). 20 In this
themiedimBoiniive spatigidmagsurehshr B systan 3% thiravedvs flenimage plane
aberration measuring system 41, and the uneven illuminance measuring
of3¥istprojddideopiveaathgsexp@3ure Tighukdyia henpiajectinen apiicak gystam3 is
PL and the liquid LQ. Further, for example, the third measurement
prinedelderid? theatiibe rivasimaasur eraebtsydteimifoligieascrinm thdevasiation
in transmittance of the exposure light 25 EL of the projection optical
resyistamthd eapaiscidrdd H thia spepifioatipateit/d BatdritdNacdrement member
6,721,039, and may constitute a part of the measurement system for
42nedbartogticifapmation tediardingdhehexppssue: éipdiedyl obithkeakppdsueasurement
light EL, such as the illumination quantity measuring system (illuminance
meneasurn gl stesiecashdisciasadel hi gthd& Epeaeificapianof pdSeFaténhe third
Application Laid-Open Publication No. 2002-0061469. 5 Further, in this
meminedione niefobaxdEnylehdhieliinat opiicakiiamentd thant ameimagingnt of the
apparatus (observing camera) capable of observing a state of the
uriavereri$ionminance of the exposure light EL is performed.

In this embodiment, the upper surface of the first measurement member 38, the
upper surface of the second measurement member 40, the upper surface of the third
measurement member 42, the upper surface 18 of the measurement stage 2 which is
disposed around the upper surfaces of these measurement members 38, 40, and 42 are
disposed on substantially the same plane (in the XY plane) (substantially becoming flush
with one another).

In this embodiment, the spatial image measuring system 39, the wave front
aberration measuring system 41, and the uneven illuminance measuring system 43
receive the exposure light EL via the projection optical system PL and the liquid LQ.

Further, for example, the third measurement member 42 may be the
measurement system for measuring the variation in transmittance of the exposure light

EL of the projection optical system PL as disclosed in the specification of US Patent No.
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member 11 may be disposed on the measurement stage 2. In this
embodiment, a reference member 44 is disposed on a side surface on the
+Y side of the measurement stage 2. In this embodiment, the reference
member 44 is a 10 rectangular shapejglongated in the X axis, which is
also referred to as a fiducial bar (FD bar) or a confiducial bar (CD bar).

6, The08Jeraacaapesibeiddd phineniasiaally aeprarterdmthe measwigment
stage 2 by a full kinematic mount structure. The reference member 44

inf@iMes dsracatangonet (rpasuamentrefererappstiieli safeTENae Manaker
44 is formed of an optical glass material with a low coefficient of 15

illhermaabaxpantgeh i tapitemaiaalidmibdisnembadiestforaexadvipled in
the reference member 44 is formed of Zerodur (product name) made by

th&cpatificaidinef atPaas oA pigitipRer s dasge(sRififltaihe N SBiR-0061469.
surface) of the reference member 44 is high, so that the reference

membEiither, Santesasibelreiare foedplanplelnib €ivicinpiycaf clbmend oftiean

+X side and the -X side of the reference member 44, reference gratings
inftizidQ ebppuhials o seyeliegditentian dapits Yotusisselivagtiartate Jormadehnidision

reference grating 45 includes a diffraction grating. The reference gratings
méhlsseldisposed depakately iy mepsetebenningd distance in the X axis

direction. The reference gratings 45 are symmetrically disposed with
respedintthihendenianafttha¢tieieraasmbeiier ddispthedonaxisddivaeti@e.on the
In addition, as shown in FIG 4, a plurality of reference marks AM is 25
+Yotie dfahethe appansurtage: af thinnélierenbedinemb eieddidénte additend4 is a
in this embodiment, the upper surface of the reference member 44 and
retihanpplpesisapéadentdted inehn&astie meithstageodfaredhe diquididucial bar (FD
repellency against the liquid LQ. In this embodiment, for example, a film
bamade obafithadeidhin€lidinag). flubine: fsrtowa et oibéhédippenaustacs pkupported
the reference member 44 and the upper surface 5 18 of the measurement
tostagadasinecadditistag ¢ibyppar skiacesiohitbenneastusement members 38,
40, and 42 also have liquid repellency against the liquid LQ.

The reference member 44 serves as a standard (measurement reference). The
reference member 44 is formed of an optical glass material with a low coefficient of
thermal expansion or a ceramic material. In this embodiment, for example, the
reference member 44 is formed of Zerodur (product name) made by Schott Co. The
flatness of the upper surface (surface, the +Z side surface) of the reference member 44 is
high, so that the reference member can serve as the reference plane. In the vicinity of
the end of the +X side and the —X side of the reference member 44, reference gratings 45
of which the cycle direction is the Y axis direction are formed. The reference grating 45
includes a diffraction grating. The reference gratings 45 are disposed separately by a
predetermined distance in the X axis direction. The reference gratings 45 are
symmetrically disposed with respect to the center of the reference member 44 in the X

axis direction. In addition, as shown in FIG. 4, a plurality of reference marks AM is

formed on the upper surface of the reference member 44.
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Next, the alignment system 15 will be described with reference to FIG 5.
FIG 5 is a plan view illustrating the vicinity of the alignment system 15,
the detection system 13, and the encoder system 14. Further, in FIG 5,
the measurement stage is omitted. 10 'l;he alignment system 15 is
provided with a primary alignment sys?em 15A for detecting the positional

informpfigmiafdheisusteatbodimad, arzagsidanfaligomantsystane heRBber 44
The primary alignment system 15A has a detection center (detection

an@fReange) omnfide strafght inet\enhiohisdear aliebtoénayYidxpanrdcy against
passes through the optical axis AX of the projection optical system PL. In

thihigyeia oy menthithentivigietian, dentamafpleelfl primaky dligRmenhsisiading
15A is disposed on the +Y side with respect to the optical axis AX of the

flpsajecticio@iiCah Systeipar burfiie dethetion eaotanemthe pliamahe upper surface
alignment system 15A is separated from the optical axis AX of the

1 poojdetinsaopiteadaysies 2P L hyaddpreaaterippedsdisiancef theeratimasment
alignment system 15A is supported by a support member 46. 20 In this

mented teent, Hiel 4econsaty aligoit esicsiesien dbikinatLdas daup.
secondary alignment systems 15Ba, 15Bb, 15Bc, and 15Bd. The

secondienrt,alignieaiiheaysisom 1584 labd d&Bhibetevlispesadms th&FHX5. FIG.
side with respect to the primary alignment system 15A, and the

5 Becphaarie aliginsieiningybtenicihBood it bhiBoharet dispasdd, die ieectiside stem
with respect to the primary alignment system 15A. The detection centers
1R detecliondaieyeroe) of titmatennadGaligmnmert syisiannlSBa andmitted.
15Bb and the 38 detection centers (detection reference) of the secondary
alignniBint sysiemst 55d8madrids PoBddarkevsiti atpritialty ilignsyennsgttian 15A for
relation about the straight line LV. The secondary alignment systems
det&iBiagahtgBditamiatdtentatioa sfYhalanesabelR, thel rotatiomdagnidicneAssystem
the secondary alignment systems 15Ba to 15Bd rotate, the positions of
13Besd besminnadanyi gigemeyt systeMhis BddieclbB d aneadjttsteidmitfierence) on
respect to the X axis direction.
the straight line LV which is parallel to the Y axis and passes through the optical axis AX
of the projection optical system PL. In this embodiment, the detection center of the
primary alignment system 15A is disposed on the +Y side with respect to the optical axis
AX of the projection optical system PL. The detection center of the primary alignment
system 15A is separated from the optical axis AX of the projection optical system PL by
a predetermined distance. The primary alignment system 15A is supported by a support
member 46.

In this embodiment, the secondary alignment system 15B includes four
secondary alignment systems 15Ba, 15Bb, 15Bc, and 15Bd. The secondary alignment
systems 15Ba and 15Bb are disposed on the +X side with respect to the primary
alignment system 15A, and the secondary alignment system 15Bc and 15Bd are disposed

on the —X side with respect to the primary alignment system 15A. The detection centers

(detection reference) of the secondary alignment system 15Ba and 15Bb and the
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In this embodiment, for example, the primary alignment system 15A and
four secondary alignment systems 15Ba to 15Bd employ a field image
alignment (FIA) scheme in which the broadband detection light, which is
not sensed by the photosensitive 10 film on the substrate P, is illuminated
on a target mark (alignment mark on the substrate P, etc.), the target
demeativintagefodead ih thecresedyinose saca diihe safiraiionstght froBt and
the target mark and an index (index mark on an index plate provided in
1 FRChrakigbsneiialby steny inmag s are dmaggash using snishagingl 8leneR secondary
such as the CCD, and a position of the mark is measured by subjecting

alib@serimagechsipgids ol 8B dreagopiedashe aSYIHIdisclpsadin tb@tion center O.
specification of US Patent No. 5,493,403. The imaged signals of the

Apritegsyalipameninsysie systdAsarssd iow RO rstary, aligpierivnsystens
1513ato 1513d are output to the control apparatus 9. Next, the encoder

sesyatRny Aknildie desatibedBuito neBieneadukia@ idnriliseenohbdiaris
the encoder system 14 can measure the positional information of the 20

distdosiiate stage 1 in the XY plane. The encoder system 14 measures the
positional information of the substrate stage 1 in the XY plane using the
scale meafiibembadibiehtefcesanpystein prhnisfrolgeckenidytelin@sn and four

encoders 14A and 14C for measuring the positional information of the
sesuhdiratelisiagent yegardingBacoYl ABiS ehitpliion fiahbiKdjredigenend@ A )
14B and 14D for measuring the positional information of the substrate
schtageii vandiegar dingdban X detes tiitetitan . vad cH ienyt lleassdamcdagshibddsdasitive
provided with a head unit 47A which can face the scale member T2. The
filh loredve snbedae PAB idyrdnidetionithia dee achtinhd Zidhwhichaidaonfaeesthstrate P,
scale member T2. The Y linear encoder 14C is provided with a head unit
etd 7 Chwinickecanifiabadpe focaledre mbetce2vinpeuXtlineby drcedierddiblight from
provided with a 5 head unit 47D which can face the scale member T2.
thEaupdtaaarkinitd 47 Adexd@miexendikposedisdeaplasprovidud iineach alignment
immersion member 11.
system) image are imaged using an imaging element such as the CCD, and a position of
the mark is measured by subjecting these imaged signals to an image process, as
disclosed in the specification of US Patent No. 5,493,403. The imaged signals of the
primary alignment system 15A and four secondary alignment systems 15Ba to 15Bd are
output to the control apparatus 9.

Next, the encoder system 14 will be described with reference to FIG. 5. In this
embodiment, the encoder system 14 can measure the positional information of the
substrate stage 1 in the XY plane. The encoder system 14 measures the positional
information of the substrate stage 1 in the XY plane using the scale member T2. The
encoder system 14 is provided with Y linear encoders 14A and 14C for measuring the
positional information of the substrate stage 1 regarding the Y axis direction, and X linear

encoders 14B and 14D for measuring the positional information of the substrate stage 1

regarding the X axis direction.
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The head unit 47A is disposed on the -X side of the projection optical
system PL. The head unit 47C is disposed on the +X side of the
projection optical system PL. The head units 47A and 47C are elongated
in the X axis direction. The head unit % 10 and the head unit 47C are
symmetrically disposed with respect to the optical axis AX of the

projecting vpticak systeier RLAIR fiovidephang atheadistanezoeiieetathice the
optical axis AX of the projection optical system PL and the head unit 47A

scilStiesidptially siThidaX tendheedisanceiBeivyaonideg apticahaxdsuAX OfBhehich
projection optical system PL and the head unit 47C. 15 The head unit

cafh ABcistHiSRAsEthORBBETY. SitiReOY thecprejeciien DEticabsyS@N With ah&d unit
head unit 47D is disposed on the +Y side of the projection optical system

470lLwhhe gadodniis ¢4k ananbébrare athagateddndheodeaxigdisgstionied with a
The head unit 47B and the head unit 47D are symmetrically disposed
hesdthnspeEriibithe aptieal @xiscAlX ottheerrojectionr dietidalssiem Bl4.7ID are
the XY plane, the distance between the optical axis AX 20 of the
dippojeatiomopiicalrsyatemeRinasthikierheadeannit.47B is substantially similar
to the distance between the optical axis AX of the projection optical
systernTiRL handl thie #ieads dispabéD o e head deif 4ipis ferorda g tieithsgstem
plurality of Y heads 48 (6 heads in this embodiment) which are disposed
Plaloriththieexdaii dit€dtidispbhal bigrdsXi8idd dfiehprbjeadanndpdéAl syeem PL.
disposed separately by a predetermined gap on the straight line LH 40
Thehiehdpasses7ihroldgh7thare plieataxisiAkokiheipiiection opticahsysiem 47A
PL and is parallel to the X axis. The head unit 47C is provided with a
anjal thialityadfuyiihéad s14S {nheadsaiihy thisp@sab adimespeuehicthagp titapassdh X of
along the X axis direction. The Y heads 48 of the 5 head unit 47C are
thdipposabsepeakalalysbynaRiredétiatn KX&ohirae, ahatda siteddhitliren tHevolptatal axis

passes through the optical axis AX of the projection optical system PL and

A of the projection optical system PL and the head unit 47A is substantially similar to
the distance between the optical axis AX of the projection optical system PL and the head
unit 47C.

The head unit 47B is disposed on the —Y side of the projection optical system PL.
The head unit 47D is disposed on the +Y side of the projection optical system PL. The
head units 47B and 47D are elongated in the Y axis direction. The head unit 47B and
the head unit 47D are symmetrically disposed with respect to the optical axis AX of the
projection optical system PL. In the XY plane, the distance between the optical axis AX
of the projection optical system PL and the head unit 47B is substantially similar to the
distance between the optical axis AX of the projection optical system PL and the head
unit 47D.

The head unit 47A is provided with a plurality of Y heads 48 (6 heads in this

embodiment) which are disposed along the X axis direction. The Y heads 48 of the

head unit 47A are disposed separately by a predetermined gap on the straight line LH
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parallel to the X axis. The Y heads 48 of the head units 47A and 47C are
can face the scale member T2. 10 The head unit 47A measures a
position of the substrate stage 1 in the Y axis direction using the Y heads
48 and the Y scales 26 of the scale m 6nber T2. The head unit 47A has a
plurality (6 pieces) of the Y heads 48, and constitutes a so-called
whithtplesss (Brangese b priearaencaneskid pidie-hiead piviiA i eNEPE WREI &
position of the substrate stage 1 in the Y axis 15 direction using the Y
phgddssthandalie Y scales 27 of the scale member T2. The head unit
47C has a plurality (6 pieces) of the Y heads 48, and constitutes a
so-calleek neullideing 16 lkises)d¥dinedrapaadey b4€. HenthetReaddHal in this
47A, an interval between the adjacent Y heads 48 (measurement light of
et Nniaags Kidh inréhBs¥oaxisatiigctiemis simaliectiban tmavidie{isngidodhe
the 20 refraction grating RG) between the Y scales 26 and 27 in the X axis
heditection7 Surilariypodedthep head byt Affed avrinteedal dpaswaenstheshdjacenH
Y heads 48 (measurement light of the Y heads 48) in the X axis direction
wisdmalies tihasuigtetnd diprdengtly ofhe tefrpeljecti @ aingdR Gy loatweeamdie
Y scales 26 and 27 in the X axis direction. The head unit 47B is provided
pandtieleplheaktynaf X heads 49 (7 heads in this 25 embodiment) which are
disposed along the Y axis direction. The X heads 49 of the 41 head unit
47B arehdispasdd $&parcataiydayuaipradatenmiiad gapantibe thtraigit fienber
LV which passes through the optical axis AX of the projection optical
T&xystem PL and is parallel to the Y axis. The head unit 47D is provided
with a plurality of X heads 49 (11 heads in this 5 embodiment) which are
disposEatdlenbuihie 47 Axis:aliveetio podite niolfi dadsiB@atdhe ghdaiad Ut ahs
are disposed separately by a predetermined gap on the straight line LV
direction using the Y heads 48 and the Y scales 26 of the scale member T2. The head

unit 47A has a plurality (6 pieces) of the Y heads 48, and constitutes a so-called
multi-lens (6 lenses) Y linear encoder 14A.

The head unit 47C measures a position of the substrate stage 1 in the Y axis
direction using the Y heads 48 and the Y scales 27 of the scale member T2. The head
unit 47C has a plurality (6 pieces) of the Y heads 48, and constitutes a so-called

multi-lens (6 lenses) Y linear encoder 14C.

In the head unit 47A, an interval between the adjacent Y heads 48 (measurement

light of the Y heads 48) in the X axis direction is smaller than the width (Ilength of the

refraction grating RG) between the Y scales 26 and 27 in the X axis direction. Similarly,

in the head unit 47C, an interval between the adjacent Y heads 48 (measurement light of
the Y heads 48) in the X axis direction is smaller than the width (Iength of the refraction
grating RG) between the Y scales 26 and 27 in the X axis direction.

The head unit 47B is provided with a plurality of X heads 49 (7 heads in this

embodiment) which are disposed along the Y axis direction. The X heads 49 of the
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which passes through the optical axis AX of the projection optical system
PL and is parallel to the Y axis. The X heads 49 of the head units 47B
and 47D are can face the scale member 10 T2. Further, in FIG 5, among
the plurality of the X heads 49 of the head unit 47D, a part of the X heads
49 overlapping with the primary alignment system 15A is omitted. The

hdagaghiyait B 4R deassEscppasiyay af fhelauhsinie siage thésthegktaxs LV
direction using the X heads 49 and the X scales 28 of the scale member

wilizh Passheddoddh unit sheB asia Akiliye(Frojeass) optbel Xybeadpr49ad is
and constitutes a so-called multi-lens (7 lenses) X linear encoder 14B.

pafiieheatdmit4iéD measures a position of the substrate stage 1 in the X
axis direction using the X heads 49 and the X scales 29 of the scale

membehd Beathenhedgd LintshiBebas@ piphatily{ ok pideasy 09 (e Kehéaihsthis
49, and constitutes a so-called 20 multi-lens (11 lenses) X linear encoder

enléddidetpwidakl aiBilidpBsednisigntal Yeiveaidhtadjateniohbard®H4d the
(measurement light of the X heads 49) in the Y axis direction is smaller

hdihiinting Mpdife depgtedidparateliyagtioprgdatiichRe) fgiwe i heaxiadaled VvV
28 and 29 in the Y axis direction. Similarly, in the head unit 47D, an
whit@rpad see tveriaihkeagjacainixis Reads dhe progasisieojeinhlighitendd thedXs
heads 49) in the Y axis direction is smaller than the width (length of the
pdieftelciiond® aiating RG) between the X scales 28 and 29 in the Y axis
direction. In addition, the encoder system 14 is provided with a Y linear
encod@&hd XEhdnddutding thehéddaadtd 3ABrnid A TP dispasethantiea chle sidenber
of the secondary alignment system 15Ba, and a Y linear encoder 14F
Tincluding the Y head 48B which is disposed on 5 the -X side of the
secondary alignment system 15Bd. The Y head 48A and the Y head 48B
can faFertherscal@@ngnabemg2he plurality of the X heads 49 of the head unit 47D, a
part of the X heads 49 overlapping with the primary alignment system 15A is omitted.

The head unit 47B measures a position of the substrate stage 1 in the X axis
direction using the X heads 49 and the X scales 28 of the scale member T2. The head
unit 47B has a plurality (7 pieces) of the X heads 49, and constitutes a so-called
multi-lens (7 lenses) X linear encoder 14B.

The head unit 47D measures a position of the substrate stage 1 in the X axis
direction using the X heads 49 and the X scales 29 of the scale member T2. The head
unit 47D has a plurality (11 pieces) of the X heads 49, and constitutes a so-called
multi-lens (11 lenses) X linear encoder 14D.

In the head unit 47B, an interval between the adjacent X heads 49 (measurement
light of the X heads 49) in the Y axis direction is smaller than the width (Iength of the
refraction grating RG) between the X scales 28 and 29 in the Y axis direction. Similarly,

in the head unit 47D, an interval between the adjacent X heads 49 (measurement light of

the X heads 49) in the Y axis direction is smaller than the width (length of the refraction
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The Y heads 48A and 48B are disposed on the straight line which passes
through the detection center of the primary alignment system 15A and is
parallel to the X axis. The Y head 48A and the Y head 48B are
symmetrically disposed with respect taihe 10 detection center of the
primary alignment system 15A. The int€rval between the Y head 48A and

grifii Y REBASEiStBeI bStaAlkaIbg sindl2g 1a the Yrieryalbetivgen a pair of the
reference gratings 45 of the reference member 44. As shown in FIG 5,

when fhegéinier, shéhaoisitaiem held prothégubishrate 1iagedcisder 14E
disposed on the straight line LV, the Y head 48A and the Y scale 27 face

ineRdn dhothaeadnd hendhaadidSBanshthe Yscale 2biiace@adarotigFnment
The encoder system 14 can measure the positional information of the

systédstramsiage Y negaicingode Y4axischniin ghBeOZhdi@a8onehising tisp¥sed on
heads 48A and 48B. In addition, in this embodiment, the pair of the

theefareiiecng thtingsHAB6f thigniatereyceimesmer 4thandibel Ydreaas #8A head
and 48B respectively face each other, and the 20 Y heads 48A and 48B

48BeasUie dhRerefgkeneengeatiiigs 45 so as to measure the position of the
reference member 44 in the Y axis direction. The measurement values of

the abOke-Yniaside s sixd ingBraendgessdldidie kgl muigiitliptRess through
control apparatus 9. The control apparatus 9 controls the position of the
thedesicsiten stager binHb prxYaplanigroneiiie pasis tf Ahemdicasuitelenthakiasis.
of the linear 25 encoders 14A to 14D, and controls the position of the
Thiefénernciel8ye aldeathd A egard8R) dives 4dnfaiidilect ip aie dha thasipedttiaethe
measurement values of the linear encoders 14E and 14F. In this
deztntionl tartet, abh ofi e yinBgnaacodarsm 4840 17 heisnstipplostedday ghe Y head
frame member which supports the projection optical system PL. Each of
43Aetidelas Yeheatl¢3B 14 Autetddiralargsitn theherame vildratverevia pasugpibet
member. Each of the 5 linear encoders 14A to 14F is disposed above the
refirbstrapeasiiagetd anthéhefaneasunemdet Ltage 2.

As shown in FIG. 5, when the center of the substrate P held on the substrate
stage 1 is disposed on the straight line LV, the Y head 48A and the Y scale 27 face each
other, and the Y head 48B and the Y scale 26 face each other. The encoder system 14
can measure the positional information of the substrate stage 1 regarding the Y axis and
the 0Z directions using the Y heads 48A and 48B.

In addition, in this embodiment, the pair of the reference gratings 45 of the
reference member 44 and the Y heads 48 A and 48B respectively face each other, and the
Y heads 48A and 48B measure the reference gratings 45 so as to measure the position of
the reference member 44 in the Y axis direction.

The measurement values of the above-mentioned six linear encoders 14A to 14F
are output to the control apparatus 9. The control apparatus 9 controls the position of

the substrate stage 1 in the XY plane on the basis of the measurement values of the linear

encoders 14A to 14D, and controls the position of the reference member 44 regarding the
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FIG 6 is a diagram illustrating an example of the Y head 48 which is
provided at the Y linear encoder 14A. In FIG 6, the Y head 48 of the Y
linear encoder 14A is illustrated in a state of facing the Y scale 26. Here,
the configuration of the Y head 48 10 % the Y linear encoder 14A is
substantially similar to the configurations of the Y head 48 of the Y linear

0201066545 iHb B Nepdh 4R ofsthentcinean enepaR s ddBaddbi v 4hend 14F.
heads 48A and 48B of the Y linear encoders 14E and 14E Hereinafter, the

Y heagrARiot Rl HiBnat Rconk 1hAwithasdescries Mith JelpiRneR ) a

FIG 6, and the heads of the other encoders 14B to 14F will be omitted in

fr:_i?r?e Ql?éﬁﬂ@}i%iclﬁﬂ' XsltRe Y- &BERseH lmrﬁiﬁh%ﬁ%mhmear
information of the substrate stage 1 by the Y head 48. The Y head 48 is

erRtRMded With AFIlURYNEH QR 3RRAEHEMBE: SINUINGIHR MEABLFEMERY of the
light, an optical system 51 which the measurement light passes through,

1iRAd @ daiiriecaivin g apRalRR QP IveaRi VNG dhe measyrament ighkviBment
the Y scale 26. 20 The illumination apparatus 50 includes a light source

staRfofor generating the measurement light (laser light) LB, and a lens
system 50B disposed on a position on which the measurement light LB

emittegirogshedigthsPure iy Gan RepRdTheF PRGN 1FBVided at

source 50A includes a semiconductor laser. The illumination apparatus

the® eimits hesaeapseMantighs LBy a-abliglue Hir aCharbyitaWi4A is
respect 25 to the Y axis and the Z axis. 44 The optical system 51 is

ilpsevideanvithageRal arizadion: heamsphittenk3e amadopfi RO BME Irfead 48
54A and 54B, lenses 55A and 55B, A/4 plates 56A and 56B, and

off@ftegtigrnbnerd& 1 AndaBRatfiihis embedimBatiNegaelatzaieme Y head 48
splitting surface of the polarization beam splitter 53 is substantially

ofRBealielieaig coddplane; hd Rentghuespiving aARpaaies 4sineRIARE MD, the Y

polarizer (analyzer), an optical detector, and the like. The light receiving
heaRPaBtus 2 BIHUR SUNAIS CAUSERONAIREH® 14F.  Hereinafter, the Y head 48 of
the Y linear encoder 14 A will be described with reference to FIG. 6, and the heads of the
other encoders 14B to 14F will be omitted in the description.

The Y linear encoder 14A measures the positional information of the substrate
stage 1 by the Y head 48. The Y head 48 is provided with an illumination apparatus 50
emitting the measurement light, an optical system 51 which the measurement light passes
through, and a light-receiving apparatus 52 for receiving the measurement light via the Y
scale 26.

The illumination apparatus 50 includes a light source 50A for generating the
measurement light (laser light) LB, and a lens system 50B disposed on a position on
which the measurement light LB emitted from the light source S0A can be incident. For
example, the light source 50A includes a semiconductor laser. The illumination

apparatus 50 emits the measurement light LB in an oblique direction by 45° with respect

to the Y axis and the Z axis.
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the received light to the control apparatus 9. In the Y linear encoder 14A,
the measurement light LB emitted from the light source 50A is incident on
the polarization beam splitter 53 via the lens system 50B so as 10 to be
polarized and split. The polarization b%m splitter 53 splits the incident
measurement light LB into the measurement light LB1 based on a

P-polarizedpgesnpanantsand phevideasurempolkpatibBBdaasesli@rasB, a pair of
S-polarized component. The measurement light LB1 passing through the

refletdzatianosPBING sy g e16fsth 8 N0latizssiBMbe pMEPRBAr 3 FRAShes

the diffraction grating RG disposed on the Y 15 scale 26 via the reflection

refEiRsmiir 8 TREARISEBENT BNt bRBRASRING i pULkiA8oRQBHIBAY QBrface

splitting surface of the polarization beam splitter 53 reaches the diffraction

of SRR Gk e HReUansDIF it BYy BARINGUBHOK MeRsHrement
light LB1 and LB2, the diffraction grating RG generates refraction light.

The refiactignt ightiwitb gpeﬁgﬂﬁgefmm&%rﬁamemaﬁz%mb,eaﬁ%ﬁmcal
e

diffraction light) which is generated by the diffraction optical element RG is

ddfReideninantbeid/4 prates o feaiidind Boyiadhe Bneap@astiantsDBedfiding to

A/4 plates 56A and 56B converts the incident light into circular polarized

thighteivee Girris ROtz afphtaayerted by A/4 plates 56A and 56B is
incident on the reflection mirrors 57A and 58B, and reflected on the

reflectigniiv giige /¢ @i OBR ane dngislaehRaAthentipniaiated Froxk thaidht
56B once more. The light incident on A/4 plates 56A and 56B is

solkenBtad teeithatdiffraetinagrating Blamlisnasad 9n ey 186al§ £EnVEDB so as
the A/4 plates 56A and 56B. The light via the diffraction grating RG

toleapbRrsithe Arlapratiomhegsmaplitien béadnshiseesmgdimeant tbribght

reflected on the reflection mirrors 57A and 57B reaches the 5 polarization

mbaamRSRHitR LRI BomiRshh e faswareing 1iFR DN istiroaptirg Patzed he

two beams of measurement light reaching the polarization beam splitter

copspdpéateny B0 wiyieshest ieHhERTIgIad drestiopofting polanipatien.
direction.

The measurement light LB1 passing through the polarization splitting surface of
the polarization beam splitter 53 reaches the diffraction grating RG disposed on the Y
scale 26 via the reflection mirror 54A. The measurement light LB2 passing through the
polarization splitting surface of the polarization beam splitter 53 reaches the diffraction
grating RG via the reflection mirror 54B.

By illuminating the measurement light LB1 and LB2, the diffraction grating RG
generates refraction light. The refraction light with a predetermined degree (for
example, 1st diffraction light) which is generated by the diffraction optical element RG is
incident on the A/4 plates 56A and 56B via the lenses 55A and 55B. The A/4 plates 56A
and 56B converts the incident light into circular polarized light. The circular polarized

light converted by A/4 plates S6A and 56B is incident on the reflection mirrors 57A and

58B, and reflected on the reflection mirrors 57A and 58B, and incident on the A/4 plates
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Therefore, the 1st diffraction light of the measurement light LB1 previously
passing through the polarization beam splitter 53 is reflected on the
polarization beam splitter 53 10 and incident on the light receiving
apparatus 52. The 1st diffraction light of the measurement light LB2
previously reflected on the polarization beam splitter 53 passes through

s6RaRekyizaken ABAM SPHEGIRGINS E&GrRIRIYSYNReIBRAMIBAB S Iiliminated to
diffraction light of the measurement light LB 1, and incident on the light

thESAPAIPERRRAAIR 821 R0 WHAHSYReas ©f ditiiagtion light4paldaatse .

the light receiving apparatus 15 52 are arranged in their polarization

il Pﬂi’%&%ﬁ%@%@gg&g@%@?&%@éﬁ{% 158&‘?&’5@1%1?89%@#&%@? 53Nd 1y

Interfere with each othe to become the'interfering light.

thiQGHES N IANGR ﬂgfg%‘i’fwﬁ'&ﬁ ARucA AatsCIor-ARd §P&Xﬁ&tg‘§'l§r&r‘]&é}fés the

electric signal according to the intensity of the interfering light. In this

p RPN SRh SRS INANG Y HASALERCAARIASA NGB pliihe

20 optical paths of two light beams interfering with each other are

extremgly ShoBanR suhsiamialYeaYAt FQa%%%ﬁ@?olﬁH%&%%a‘?ﬁ &FhiRL: 53

the air fluctuation can be practically ignored. n the Y scale 26

rof RHAN18e %g?e;#]e@%%ﬁé%gﬁ?oﬁ’%ﬁg%n%ﬂﬂ!r]%?l%ﬁgat(iigntmﬁsgﬁﬁ!

corresponding to the Y axis e phases e two light beams

TR SRAge %‘i’f%?% %’Helf’tﬁ?%?Eﬁeorfn]t%%%i{‘é%gﬁ{ ﬁ%g%%ﬂ%g@@%%ﬁg gllé’s?n

strengffh change o e Thterfering etec elvin

th?(gggr%rﬂ}g?oqgﬁ-zrﬂﬁ .IY b”erél ! é‘lﬁteer%%c’#errﬁﬁéc’%eg %tl?ﬂ%eg gé?agggtilt(i)%r\% m ﬁgleitter 53

S
Information according to th strength change as t easurement va

o B D S T MR T e
_ i the etection system
e R R AR W 5 poses

th&%ﬁ&%ﬁ%&%ﬁ&ﬁb&é‘ﬁ??éh?t%ff%%9%5@%8@%&1}3@3&%& T 80815t diffraction
ge 1, and the ositional information"o
light of the measurement light LB1, and incident on the light receiving apparatus 52.

Then, two 1st beams of diffraction light incident on the light receiving apparatus
52 are arranged in their polarization direction by the analyzer on the inside of the
receiving apparatus 52, and interfere with each other so as to become the interfering light.
The interfering light is detected by the optical detector and converted into an electric
signal according to the intensity of the interfering light.

In this embodiment, for example, in the Y linear encoder 14A, the lengths of the
optical paths of two light beams interfering with each other are extremely short and
substantially equal to each other, so that the effect of the air fluctuation can be practically
ignored. When the Y scale 26 (substrate stage 1) moves in the measurement direction
(in this case, corresponding to the Y axis direction), the phases of the two light beams are

changed, so that the strength of the interfering light is changed. The strength change of

the interfering light is detected by the light receiving apparatus 52. The Y linear
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the upper surface 18 of the measurement stage 2. In the description

below, the surface of the substrate P held on the substrate stage 1, the

upper surface 17 (upper surface of the 10 plate member T including the

first plate Tl and the scale member T2) of the substrate stage 1, and the

upper surface 18 of the measurement stage 2, which are detected by the
endotRetian syaiRIM tha pod werstandatitdaraliediditie ez @rénange as the

arbitrarily referred to as detecting surfaces. The detection system 13
megigeiadhevansitional information of the detecting 15 surface regarding the

Z axis, the OX, and the QY directions. For example, the detection system

13 incivdes tsacealire Blutipoist fallus: lexing d ek iofsystem RIGH 1, 2, 5,

oblique incidence scheme, as disclosed in the specification of US Patent

anld@. 5,F18,332a Tk driedlionsitbignhd deikbdtiinaissthd sletection light LU
on a plurality of detection points Kij in the detecting surface (in the XY

plane)Thaddleigctssiheposiionatt2théposiiation abihexdetasting susiace: P
regarding the Z axis direction in each detection point Kij. The detection
hedysiemeldiispaavited Withd pedltusnmnatitsimppar atusd sppwhiehace 17 (upper
illuminates the detection light LU on each of the plurality of detection
supficd Kihépthe ntembiane) o tevubhiigustagetliamwithpespesiltintbanition of
axis direction, and the light receiving apparatus 13B which can receive
ththeépgeteatiandigh bl theiadhadeiectiangedintsinZhd<die v plibe belemindkamrface
apparatus 13A illuminates the detection light LU on each of the plurality of
ofdteatisnpeibtseKijoanlibeudstectingseiifade tioparthefappe? sigpafdndace of the
detection surface. The illumination apparatus 13A emits the detection light
plhid nvniabeisT natl séingeat dofjrti@lptecrdsernisibivedillnoé it stD strhitkeRubdieate
light receiving apparatus 5 13B can receive the detection light LU which is
steraittechdrdra dppeitl sunfaatib® @jrhanatusuitdfeandaref®otddchnttidetected by the
detecting surface. The illumination apparatus 13A is provided with a
depdatality piamissiod syppatatiasyspiadddbmeainitingthad atectibirlight tdfkrred to
The
as detecting surfaces.

The detection system 13 detects the positional information of the detecting
surface regarding the Z axis, the 0X, and the 0Y directions. For example, the detection
system 13 includes a so-called multipoint focus leveling detection system in an oblique
incidence scheme, as disclosed in the specification of US Patent No. 5,448,332.

The detection system 13 illuminates the detection light LU on a plurality of
detection points Kij in the detecting surface (in the XY plane), and detects the positional
information of the detecting surface regarding the Z axis direction in each detection point
Kij. The detection system 13 is provided with the illumination apparatus 13A which
illuminates the detection light LU on each of the plurality of detection points Kij in the
XY plane from an oblique direction with respect to the Z axis direction, and the light
receiving apparatus 13B which can receive the detection light LU via the detection points

Kij.
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illumination apparatus 13A emits the detection light LU from each of the

plurality of emission apparatuses 13S and illuminates the plurality of

detection light (light flux) LU 10 on the detecting surface. In this

embodiment, the plurality of the detecg‘i_gn points Kij of the detection

system 13 is disposed separately by a predetermined interval along the X

axis dirgetiontintiesetpatingssizfaganihatiminkieiiapBgrRIuE b3Aach of the

can illuminate the detection light LU on each of the plurality of the
pldetestiondeaisis Kijoitickint sed adengitlae i faxisfidoiiectigeiitheKie

plane. In this embodiment, the detection points Kij are disposed on a
desiglenrawralengthe Xiaxis diteciigpnr AGsshoavenindtite Getigicletagtiaru which is

points Kij on which the detection light LU is illuminated are disposed on
ndheirsitieyahthshdeiastiny afiem AfFtelongating P tHEhX laxis disestinnagheatus

detection area AF is disposed between the illumination apparatus 13A

133 6athetight ibeciviagiapptatls) kaBchrdbisidecmbo dingnintinatkinepparatus
(length) of the detection area AF regarding the X axis direction is
1 sAbathriiRiycaquathtodirecdigneiicef thetsuibistigiefbiappaeruhe3plusalityvided
of the detection points Kij may be disposed in a matrix shape in the XY
whlenelurgligxarapiesitheaplalits«af 1RS fietesiivinpaiatetjiisgogad U. The
along the X axis direction may be disposed in two lines (two rows) in the Y
illaxisndiiectippa2buOf TAYaas theederictivoré girtetlitompetts dixmayudaity of
disposed in the Y axis direction. 48 That is, the plurality of the detection
erpRiibe Kpparaynks diEpase dlimixparatche phafpd tiheff dcte@ih jlayie diblirdhyx) LU
natural numbers) in the XY plane. Further, when the plurality of the
ordéikedtirotpeirisfigedisposed along the X axis direction are disposed in
two lines (two rows) or more in the Y axis direction, it is preferable that
the pogitibitseintibéinieaxishe gdlrestionobehditfeteniby peirhekigenthowlstedton
shown in FIG 5, in this embodiment, the illumination apparatus 13A is
sydispoke i dis plosed ¥epigatolithe & Kredudesidmat thetvaha anmittdad X afithéirection in
encoder system 14.
the detecting surface. The illumination apparatus 13A can illuminate the detection light

LU on each of the plurality of the detection points Kij which are set along the X axis
direction in the XY plane. In this embodiment, the detection points Kij are disposed on
a single row along the X axis direction. As shown in FIG. 5, the detection points Kij on
which the detection light LU is illuminated are disposed on the inside of the detection
area AF elongating in the X axis direction. The detection area AF is disposed between
the illumination apparatus 13A and the light receiving apparatus 13B. In this
embodiment, the size (length) of the detection area AF regarding the X axis direction is
substantially equal to the diameter of the substrate P.

Further, the plurality of the detection points Kij may be disposed in a matrix
shape in the XY plane. For example, the plurality of the detection points Kij disposed
along the X axis direction may be disposed in two lines (two rows) in the Y axis direction.

Of course, three or more detection points Kij may be disposed in the Y axis direction.
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The light receiving apparatus 13B is disposed on the +Y side of the -X end
side of the heat unit 47A. 10 In this embodiment, the detection area AF of
the detection system 13 is disposed between the first and second
substrate exchange positions CP1 an 8CP2 and the exposure position
EP. The detection system 13 detects the positional information of the

TERBCHANp RIAfAGR PalveaB:Him fshank i aeanseHBSIRLE B XRNARAESX shape (here,
positions CP1 and CP2 and the exposure position EP. In other words, the

i Qﬁtfsﬁpﬁwmét&rgpﬁﬁ%éﬁ? Rasitisnal 5 dnformation MihedSIREIRG of the

surtface which is disposed between the first and second substrate

dRXGRANES ROKGIOMSfolel an SR Rnd e R¥ResWe #RpBied RRwWIIRS (two

embodiment, the detection areaAF is disposed between the immersion

roWenebalok ittheefinak antical @Iamenrtpkeleansla AligostbaysHeme 3o axis

with respect to the Y axis direction. In this embodiment, in parallel to at

dileagbr maut el the detesting-eA RREration using the detection system 13,
the detecting operation using the alignment system 15 can be performed.

In this gmninedimentithe, detesiiemsysterhd eSO RAPHARRALs 13A is

information regarding the Z axis direction as height information Zij. The

dislssesdion gysiamids ofitpipstesdirIdetantioR ik Wrendh@ Pbaiyr Al stem 14.

the detection points Kij in the XY 25 plane, and detects the positional
ThefREmatea vagaphaeaths BBxisdliRctianefiRack §de det@etion arinidtioashe

the height information Zij. The detection system 13 illuminates the
hedetggtiamAight LU on each of the plurality of the detection points Kij on the

detecting surface, and detects the height information Zij according to the

positiomsiiis thabb dxiendi rRetierchsiphiediracipmeantheideiscing syifpe8posed
of each of the plurality of the 5 detection points Kij. The light receiving

baierisRf ihe datealion systeinbdiahh s8 GRIVNNGh A aHasC R3B) @FBe exposure

output to the control apparatus 9. The control apparatus 9 can detect the
position EP.  The detection system 13 detects the positional information of the detection
surface between the first and second substrate exchange positions CP1 and CP2 and the
exposure position EP.  In other words, the detection system 13 detects the positional
information of the detecting surface which is disposed between the first and second
substrate exchange positions CP1 and CP2 and the exposure position EP.

In this embodiment, the detection area AF is disposed between the immersion
member 11 (the final optical element 16) and the alignment system 15 with respect to the
Y axis direction. In this embodiment, in parallel to at least a part of the detecting
operation using the detection system 13, the detecting operation using the alignment
system 15 can be performed.

In this embodiment, the detection system 13 detects the positional information
regarding the Z axis direction as height information Zij. The detection system 13

illuminates the detection light LU on the plurality of the detection points Kij in the XY

plane, and detects the positional information regarding the Z axis direction of each
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positional information regarding the Z axis direction on the detecting
surface (height direction) and the oblique directions (OX and 9Y
directions) on the basis of the output of 10 the detection system 13. That
is, the control apparatus 9 can acquirei@he positional information (surface
positional information) regarding the Z axis direction (height direction) on

ddieetidmtpotingsiatace Badihm Rbligiodrgcetions @kanth 9ys@iieciansdmites
the basis of the height information Zij regarding each of the plurality of the

thel@teetiosn REMIEKnkhdh atdisiprirtneycsiiio iapRamt psidtaddyisesHb@etecting
positional information in the height direction of the detecting surface of

suefieh, dategtienrpaiahKipnvithfiespeohtZipapredeiermimedhsefesanee the Z axis
surface Zo (for example, the image plane of the projection optical system

diRktntlig:hesidimagisng shidaceyiusing thefiw giteinfe shaiéaslutiilaytiplihe
from the light receiving apparatus 13B. 20 For example, the detecting
desetfaeepofmspredetermined detection point among the plurality of the
detection points Kij is disposed on the reference surface Zo (or when the
detecting: $iptiaesisvin @ resatiels hindddedsiionatiie E3idnghipevathitlaepparatus
reference surface Zo), the detection system 13 outputs the height
1 3Bfoara aigpuZip ehadoiadsteppines Sag@hdfooexamplerareda el statag
In other words, when the detecting surface and the 25 reference surface
podnianalidtehed vk eadh gtihe 4 ax iwldas diendei ot datsttifiacai dnck teigOt
reference surface Zo are in a predetermined positional relationship), a

distate0f dhe tetetaiing sirsteiohd 30X adilstedifealibfation iisiisixifiat theoutput of
height information Zij in a predetermined state is output from the light

theegebdiegnanReatus, 13fhan aedditiondbegpaiahisiofesmatiginrd heheatBnal
measurement point Kij output from the detection system 5 13 is changed

inforRioRpStenR tacthsosifferantedReinvRa) e faierence aui{ase4banBeiaht
position of the detection point Kij in the Z axis direction (height direction).

difetthey othecclibration afibe fetactiopgystamddosdnde fRrtprmgdedehs) on

example, using the spatial
the basis of the height information Zij regarding each of the plurality of the detection

points Kij.

In addition, the control apparatus 9 acquires the positional information in the
height direction of the detecting surface of each detection point Kij with respect to a
predetermined reference surface Zo (for example, the image plane of the projection
optical system PL or the best imaging surface) using the height information Zij output
from the light receiving apparatus 13B.

For example, the detecting surface of a predetermined detection point among the
plurality of the detection points Kij is disposed on the reference surface Zo (or when the
detecting surface is in a predetermined positional relationship with the reference surface
Z0), the detection system 13 outputs the height information Zij of a predetermined stage
(for example, a zero level state). In other words, when the detecting surface and the

reference surface Zo are matched with each other (or when the detection surface and the
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image measuring system 39. An example of the calibration is disclosed in
the specification of US Patent Application Laid-Open Publication No.
2002-0041377. 10 The control apparatus 9 can obtain the position of the
reference surface Zo of each detectiogbpoint Kij in the height direction (Z
axis direction) on the basis of the height information Zij regarding each
refietactionpRia it pthpren@edsitbe sevitiohappRiaH4RID)cartoRtamibe
positional relationship between the position in the height direction of each
dedeteatiopspaint Xij anfhikel refenanaepuias ehdoththéncaddifiaim dfiencoitioh
apparatus 9 can obtain the shape (approximate plane, concave-convex

prinfenatiea)saftthe cainatiichsitacenbased, oy g sefarensB. surfeaifion, the
on the basis of the height information Zij regarding each detection point

hdightl tbisnariadivarntadbmexanpieswipeithajpaspiaradintacrdaiéon @f system
the surface of the substrate P is being detected, the control apparatus 9

1 Mmeasaesdthepposiitaoale thinfrfnation wite s unsieftecstrgarlare the Y the
plane using at least one of the encoder stage 14 and the interferometer
pBystenfliid deceridinjeiie onateieUnixi2 BeAd shehsamealtisigionileFurther, the
moving the substrate stage 1 in the XY plane, the control apparatus 9
catibitls tiehd datbesiian agpoarddusid BA mirtbamdet ol ersyplesiidtthe spatial
illuminate the detection light LU on the substrate P which is held on the
ingigestiadeuhialg nygtapEr atusnlitagp R flgscridddagibave disclbied in the
embodiment, the size (length) of the detection area 51 AF regarding the X
spayifi datRubsfarsiiyeaqiablix hedlarite@pcaf Phblkubsiiaie R00Dhede ide].
simply by moving the substrate P once with respect to the detection area
AF re@aedingtiblea)parisid 9aciioshttie themineitappstt diel sebecarrd kinfiratZo of
the detection light LU on the substantially entire surface of the substrate
cafh dhedeteption Kghin theShdlgmidated on(Zasls afitbeipiyradith©biks of the
detection points Kij on the surface of the substrate P is reflected on the
hesgiifa aéoahthies dsteatedh aed ieketeadbydine Kght Teodiving@appatatusntrol
13B. The light receiving apparatus 13B outputs the detection signal
apparatus 9 can obtain the positional relationship between the position in the height

direction of each detection point Kij and the reference surface Zo.

In addition, the control apparatus 9 can obtain the shape (approximate plane,
concave-convex information) of the detecting surface based on the reference surface Zo
on the basis of the height information Zij regarding each detection point Kij.

In this embodiment, for example, when the positional information of the surface
of the substrate P is being detected, the control apparatus 9 measures the positional
information of the substrate stage 1 in the XY plane using at least one of the encoder
stage 14 and the interferometer system 12 (second interferometer unit 12B). At the
same time, while moving the substrate stage 1 in the XY plane, the control apparatus 9
controls the illumination apparatus 13A of the detection system 13 to illuminate the
detection light LU on the substrate P which is held on the substrate holding apparatus 1H.

As described above, in this embodiment, the size (length) of the detection area
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according to the height information Zij corresponding to the position in the
height direction of the surface of the substrate P in each of the plurality of
the detection points 10 Kij, which is received by the control apparatus 9.
The control apparatus 9 can obtain thg positional information of the
surface of the substrate P over the entire surface of the substrate P on

Athe fagis o & deiectionbsignadouégub fiehthd detestiamiaysieprdd fight
receiving apparatus 13B). In FIG 5, the substrate stage 1 can move the

Tiexpase!eipESition ER inwhichibbeattPexieosuiia igpebiltemitted-biomm thea AF
final optical element 16 is illuminated, the first substrate exchange

repasitionilonding pesiion) GP tdamhighinasubsiairihisdeagedasctiba light
substrate stage 1, and the second substrate exchange position (unloading

Lpasitibe yubdtahimmhichitheustiestodtd Psishsirieabed Trenddiretmbsitate U
stage 1. In this embodiment, the first substrate exchange position CP1

illandrifedeconchsifhbl plerelchange pastian GHdR K Hrensyensuetiieadlythe
disposed with respect to the straight line LV. In this embodiment, the

subetectionsysierted dnsiedd it éhd sdosibateafeaiding rapgacdtbg thil Jighdl
detects the positional information of the surface of the substrate P (the

retiekpogathsibsizBe PThelark: beisyimoyeph{aisp 03By ubalexpasutien signal
position EP between the first substrate exchange position (loading

acposiiignjoGRlhaiththefexpasu &3 s @osijondois. td et fmsitidhitn the height
embodiment, the detection system 13 acquires the 52 positional

diteteisnatiaheafuiiiacs uifdoe sabtinats ibst kaich Bfithadranteyhsfdie dbection points
exposure light EL is illuminated on the substrate P (before the exposure

Kijredesk nfitheisabbiyabe Bostatts)phnaadditionTle toiseiippdintent the obtain
detection system 13 can detect foreign 5 matter on the upper surface of

ththeopidata aherfubeniidncfitie guitiece pp eicsurfacateoPtbecuppenswfaaéaot of the
the scale member T2. In addition, the detection system 13 can detect

sulbfoanadtion tregsrdingf the dezectdbhe darkboginpotaiten ohetlietaipiparsyurdace3 (light
of the scale
receiving apparatus 13B).

In FIG. 5, the substrate stage 1 can move the exposure position EP to which the
exposure light EL emitted from the final optical element 16 is illuminated, the first
substrate exchange position (loading position) CP1 in which the substrate P is loaded on
the substrate stage 1, and the second substrate exchange position (unloading position)
CP2 in which the substrate P is unloaded from the substrate stage 1. In this embodiment,
the first substrate exchange position CP1 and the second substrate exchange position CP2
are symmetrically disposed with respect to the straight line LV.

In this embodiment, the detection system 13 is held on the substrate holding
apparatus 1H, and detects the positional information of the surface of the substrate P (the
unexposed substrate P) before being moved (disposed) to the exposure position EP

between the first substrate exchange position (loading position) CP1 and the exposure

position EP.  That is, in this embodiment, the detection system 13 acquires the
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member T2 (plate member T). The size of the foreign matter includes the
size in the Z axis direction and the size in the XY plane. In addition, the
detection system 13 can 10 detect information regarding the amount of
foreign matter on the upper surface of the scale member T2. In addition,
the detection system 13 can detect information regarding the position of
pdtiedaseigromativh T the Jippee suHacaipiithe $oaladnaibBefbzs the exposure
addition, the detection system 13 can detect the area occupied by the

ligar@pAsmaiiempesd bRithradratb® upgeresiidasp Rl ecals sranribiizate P
That is, in this embodiment, the 15 detection information of the foreign
stén@jter obtained by the detection system 13 includes at least one of the
size information, the amount information, and the positional information of

the forgigadnatieinanid Saeboaiupatici: akeecinfannatoniof dhedewrigidreign
matter per unit area. For example, the detection system 13 illuminates the

maetechandighpdrdueradbef 26k pllatalibe pibtierdathadion prinfHkijsofftie of the
upper surface of the scale member T2, detects the positional information

upplethantipesfshifacsl ofitatscdale. meémiakti tlchegaddivgithiesss@xisl 3 can detect
direction in each detection point Kij as the height information Zij, and

infletastmithe glodeignhuatierodnhh otippe nsitidace tlcthppeealafaerobaick2ale
on the basis of the height information Zij. The detection system 13
méetennTiDeplivbatbaiber TRt tMdkesigdhe flor igni 2d matée ireudgdakidisine in the Z
(detection point Kij) of which the height information Zij is different 53 from
axdhirepositions e dhe upper>syfdas of theaddalenndmbaedidnlgyihiisn 13 can
embodiment, the detection system 13 detects the height information Zij in
ddieet phicatitytoht he gietiagtiba poinist Kij fof¢hen uppesr surtheagidhasGateof the
member T2, and it is determined whether at least one of the height
sciitomaaiien T2 is lakaidinal, Qo dbedibasisehtié deteternatidornesibh iegrding
determined whether or not there is foreign matter on the upper surface of
ththeostale ofiéimiiereigh hheealbnatmalpeof ihfadesif idstatmakarbeijT2. In
includes a state where the height
addition, the detection system 13 can detect the area occupied by the foreign matter per
unit area on the upper surface of the scale member T2. That is, in this embodiment, the
detection information of the foreign matter obtained by the detection system 13 includes
at least one of the size information, the amount information, and the positional
information of the foreign matter, and the occupation area information of the foreign
matter per unit area.

For example, the detection system 13 illuminates the detection light LU on the
plurality of the detection points Kij of the upper surface of the scale member T2, detects
the positional information of the upper surface of the scale member T2 regarding the Z
axis direction in each detection point Kij as the height information Zij, and detects the
foreign matter on the upper surface of the scale member T2 on the basis of the height

information Zij. The detection system 13 determines whether or not there is the foreign

matter on a position (detection point Kij) of which the height information Zij is different
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information Zij (difference between the reference surface Zo and the

height information Zij in the Z axis direction) with respect to the reference
surface Zo (reference height 10 information Zr) exceeds a predetermined
first acceptable value. When the heig%information Zij with respect to the
reference surface Zo is equal to or less'than the first acceptable value, it

frisrdQieiinpisieddnadinacauispeestareigromptes oo thenypper surface of the
scale member T2. When there is foreign matter on the upper surface of

the scalatinemivediitethehd Gdnaigbh kKiiasmatmaeldLin thehd RIBCHPOrRANN Zij in
Kij corresponding to a portion on which the foreign matter exists has a

thdiflerantyvafueectrpacachviiih tkg cage Whstesineaterefane srattemee®enl, and
exist. In addition, when the foreign matter exists on the upper surface of

it thd@ealanvembandZanrdstha sizetwhigbhisitheraiagdegardingibenaeighdn the
direction) of the foreign matter exceeds the predetermined first

baacepiiablk teahidativn heigint i2& indeimatianwicindher detaatai Pairdi fij matter
corresponding to the portion in which the foreign matter exists is

oredbarppat. si-tiis eMhosimepicthieed®®rction system 13 detects the height
information (reference height information) Zr of the upper surface of the
scale Migmibabrhzaiiteatthehdid fkkatiivodiizg)detbelism pairtsvKdrinianheight
initial state of the upper surface of the scale 25 member T2. The height
inflofamnni@ticni i (eféfceace: heigleinfherdtien: & sufateZoppertbd hsigiiaag@ination
the scale member T2 in this initial state is stored in the storage apparatus
Zi] th Hier2 aitie diitial @iqtei of ik dippe (irurdéaemt thefacalBanieifebarct height
includes a state where the foreign matter does not exist on the upper
infoifac®oih e serids m prabearerhindddirexacogiestieeyiniital Svédteoilibacight
upper surface of the scale member T2 includes a state 5 of the scale
infoamiben T2j afiel ciegning. the acidittane theficitiZostate el toeupperisurtacdirst
of the scale member T2 includes a state where the immersion space
aciopoablsiaiueréais ldsteofniinediduicthak dntb éserie metaber the ippat surface of
positioned yet.
the scale member T2.

When there is foreign matter on the upper surface of the scale member T2, the
height information Zij in the detection point Kij corresponding to a portion on which the
foreign matter exists has a different value compared with the case where the foreign
matter does not exist. In addition, when the foreign matter exists on the upper surface
of the scale member T2 and the size (which is the size regarding the height direction) of
the foreign matter exceeds the predetermined first acceptable value, the height
information Zij in the detection point Kij corresponding to the portion in which the
foreign matter exists is abnormal.

In this embodiment, the detection system 13 detects the height information
(reference height information) Zr of the upper surface of the scale member T2 in each of
the plurality of the detection points Kijj in an initial state of the upper surface of the scale

member T2. The height information (reference height information) Zr on the upper
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The detection system 13 detects the foreign matter on the basis of the
height information of the upper surface of the scale member T2 in the
initial state which is 10 stored in the storage apparatus 10. The control
apparatus 9 detects the foreign matter.gon the basis of the detection result
(height information Zij) of the detection system 13 and the height

suiffeeoatiensgaterenseehaigi thfoimativa)énstesad im the stat@geapparatus 10.
apparatus 10. That is, the control apparatus 9 compares the detection

result theighhéiarmiation fihetpirOrigstoorsystemd humibeTE2haigides a
information (reference height information) 15 Zr stored in the storage

stappaiatethi Gordbe miheheighhifexmate mhéi piffeianee betwaenléh@ember T2.
reference height information Zr and the height information Zij in the Z axis

Faliesaligildstre udlitd aninorehthappdisifidicacteptablgcvakiapeerediaduays a state
the detection system 13 with respect to the reference height information

ofdhsteudieihe:sTager appaagus hbisdegoal e ofimoreatbant theupper surface
predetermined first acceptable value, the control 20 apparatus 9

ofdateymiaescihbétme fackigosmaties exists o tenpastioh ey (Espwiting d@a) LS
the detection points Kij of the upper surface of the scale member T2. In

ofatidiligindthe) condiolsappanatibed T2lisabiapoditiesideyef the foreign matter
in the Z axis direction (height direction) on the basis of the height
inform@tiedefgcdetecyednbytldeteatediddosyaiamis. olhdsizsiobihde height
foreign matter regarding the Z axis direction 25 includes the height
infiofataniaiiart Zig (@hferendadeaifubendile nefaerCE2urfacmAilanadhehtch is
height information Zij in the Z axis direction) with respect to the reference
stetefasehéctdrafe rappeeadneiglot infthenatior Zppahaidd, detthis dabadigeniatter on
the size of the foreign matter includes the height information Zij of the
thidbesgnofidatielcthie tadditians (hdiyst enfilhocinnany,ijhefchateleapparaius® 13 and
measures the positional 5 information of the substrate stage 1 using at
thielksitbnim fofrthetion ¢ofereaystieip hdi afotnbia e o intErfekonteiie ey stanyd Appiratus
the same time, while moving the substrate stage 1 in the XY plane with
10resfidat te the detectiopparaas’d-coftpa datectiencsysteaul 3 hikightanfoomation
Zij) of the detection system 13 with the height information (reference height information)
Zr stored in the storage apparatus 10. When the height information Zij (difference
between the reference height information Zr and the height information Zij in the Z axis
direction is equal to or more than the first acceptable value) detected by the detection
system 13 with respect to the reference height information Zr stored in the storage
apparatus 10 is equal to or more than the predetermined first acceptable value, the control
apparatus 9 determines that the foreign matter exists on the position corresponding to the
detection points Kij of the upper surface of the scale member T2.
In addition, the control apparatus 9 can obtain the size of the foreign matter in
the Z axis direction (height direction) on the basis of the height information Zij detected

by the detection system 13. The size of the foreign matter regarding the Z axis direction

includes the height information Zij (difference between the reference surface Zo and the
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apparatus 9 detects the height information Zij of the upper surface of the
scale member T2 in each of the plurality of the detection points Kij on the
upper surface of the scale 10 member T2 and the foreign matter using the
detection system 13. In addition, in this_embodiment, the positional
information (positional information of the detection light LU detected from
heegah atssshanpal A 13 dl i dlyrinRiiepapparatie fbadokedate Zo
detection point Kij on the upper surface of the scale member T2 in the

(réfepsaliaate gysigarnaaftedhy teaencosl@isysieodilde(®r thesize of the foreign
interferometer system 12) is known. 15 Therefore, the control apparatus 9

measr diRidct @ Ppsitinakirfesivatian of @edbrdiiesiiaterpoint Kij in the
coordinate system defined by the encoder system 14 (or the

interferomgiiony stafislapbobienefor ehdhemantiphbapparatie 268 MltpRitional
the positional information of the detection point Kij of which the height
infofeianaihasT 4k isudbnaeialgethaisisgtie dafoomatotheagatditiss ke poBitianl the
of the foreign matter, in the coordinate 20 system defined by the encoder
ing&yséasmdir oy diaeninterfexometensydias) vl ©mivenpakissulisthcdatgetion the
result of the detection system 13 and the measurement result of the
X¥ndaaensystespetdi(ahthécistade mameidt aysie ded2fion saeditiors, e control
control apparatus 9 can obtain the information regarding the amount of
appaeign nddtertoththiechasimfifrihatidatZdgticitie spiicafsiitadetadationsysi@smber
13 25 and the measurement result of at least one of the encoder system
T2 haachtbethe piniatferofitated systempbn thiagditidi, ippecanifatapparatasie
9 can obtain the size of the foreign matter in the XY plane on the basis of
mihebdeTextin tiesioicdi ihratdetaciion thy sieter lGnasydténe 1 Bnedaurdditésnt, in this
result of at least one of the encoder system 14 and the interferometer 5
ersystenei? the poldiiiarn)] ihéocontioh &pparaiid Bicamabiaioftthe deesction light LU
occupied by the foreign matter per unit area on the basis of the amount of
ddieretdrinmattacianchityosizppaiihe 13S of the illumination apparatus 13A) of each

detection point Kij on the upper surface of the scale member T2 in the coordinate system
defined by the encoder system 14 (or the interferometer system 12) is known.
Therefore, the control apparatus 9 can obtain the positional information of each detection
point Kij in the coordinate system defined by the encoder system 14 (or the
interferometer system 12). Therefore, the control apparatus 9 can obtain the positional
information of the detection point Kij of which the height information Zij is abnormal,
that is, the information regarding the position of the foreign matter, in the coordinate
system defined by the encoder system 14 (or the interferometer system 12) on the basis
of the detection result of the detection system 13 and the measurement result of the
encoder system 14 (or the interferometer system 12).

In addition, the control apparatus 9 can obtain the information regarding the
amount of foreign matter on the basis of the detection result of the detection system 13

and the measurement result of at least one of the encoder system 14 and the
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foreign matter in the XY plane. In this embodiment, as an example of the
foreign matter which is likely to be 10 attached to the upper surface of the
plate member T including the upper surface of the scale member T2,
particles may be exemplified which flogéhin the arrangement space of the
exposure apparatus EX. In addition, in this embodiment, the substrate P is

inf¥Resartafiayieniqeid LQ, so that the liquid LQ (droplet of the liquid LQ)
may be exemplified as foreign matter which is likely to be attached to the

upper BuitRkgsf the @ateomembeaid 9 tadn@dditing s tareigfomatiehatter in
which is likely to be attached to the upper surface of the plate member T,

tha Rarpinthenaaieyisisgampsated diomriial subgisated? thoay ecaxemnplidieic
For example, a part of the photosensitive film or a part of the protective

mbiRuftapeoaiilro) madeseparnsach ot tisisubbirata fesarthihdhgeter
separated part is likely to be attached to the upper surface of the plate

sysieémber T. In addition, the liquid LQ of the 20 immersion space LS and
the substrate P come into contact with each other, so that a part of the

materigl addh&suibsttaiai] ispphitadsto the dbtaid tH atthecompie) dipthe foreign

space LS. Then, the immersion space LS (immersion area) of the liquid
mh@cpntaiiingedhencad sinatehiahiapositonadi gn thetglaiel ihembe ol the

and the liquid LQ of the immersion space (immersion area) LS and the
fopdite meraber thecM@lunte. contact with each other, so that 25 the foreign

matter caused by the eluted material is likely to be attached to the upper

57 surfagesehtbediatatmermbexampext, tha fxaipplaafciheogeiatikol ob be

the exposure apparatus EX having the above-mentioned configuration
atwdhbétdeberibper wittfacefefehe g ltact he: fidar Ghartl o ink3h 8 wpditkerface of the

schematic views of FIGS. 9 to 14. Further, for the sake of simplicity in the
scalerawvitigs, TiD, pHaE1S tnahdhbecanditie systarfldd antdhe aligmmentpace of

system 15 are omitted. In this embodiment, an exposure sequence SA
thinctpdingethppexposde. opkaradidinion, in this embodiment, the substrate P is exposed
via the liquid LQ, so that the liquid LQ (droplet of the liquid LQ) may be exemplified as
foreign matter which is likely to be attached to the upper surface of the plate member T.
In addition, as foreign matter which is likely to be attached to the upper surface of the
plate member T, a part of the material generated from the substrate P may be exemplified.
For example, a part of the photosensitive film or a part of the protective film (top coat
film) may be separated from the substrate P, so that the separated part is likely to be
attached to the upper surface of the plate member T. In addition, the liquid LQ of the
immersion space LS and the substrate P come into contact with each other, so that a part
of the material of the substrate P is eluted to the liquid LQ of the immersion space LS.
Then, the immersion space LS (immersion area) of the liquid LQ containing the eluted
material is positioned on the plate member T, and the liquid LQ of the immersion space

(immersion area) LS and the plate member T come into contact with each other, so that

the foreign matter caused by the eluted material is likely to be attached to the upper
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of the substrate P and foreign matter processing sequence SB including
the detection operation of the foreign matter on the upper surface of the
scale member T2 are included. 10 In the exposure sequence SA, for
example, the loading operation, the alighment operation, the exposure
operation and the unloading operation of the substrate P, and the like are

supRde o e phthiaandeediment, in the alignment operation and the
exposure operation of the substrate P, the control apparatus 9 operates

the firsqekivensyciaipldanhéngpbasisneloth@dreepsuismephrass IERfRRGing the
interferometer system 12 (first interferometer 15 unit 12A), and controls a

ahpesiishebibe caastkivhtieldwin tedsaskdiolding apraciustBE1dW chart of FIG.
addition, in this embodiment, in the alignment operation and the exposure

8 eperatierhemitie shstdtBIB StheteantrolapprRiatus tBopkpdesithpl Regondhe
drive system 5 on the basis of the measurement result of the encoder
drayster) iraag thegdptediioshteduitsgtihia detection Sygienlsyand 15 are
controls a position of the substrate P held on the substrate holding 20
orappdratus 1H. The encoder system 14 measures the positional
information of the substrate stage 1 in the XY plane using the scale
membgr thi athibadinierthambgpoiert sepesiateiosaind liikn@xhe st sure operation
operation of the substrate P. In addition, in this embodiment, the laser
ofidiefebormetdr adéfarded oot ihiereecsnd: intqukaransBdndlndid@ hadetection
accessorily used in a case where long-term change 25 (for example,
operntporalf defdonagio mafi¢hesdaleppermbeicefoihddseasurembeat Valuesafluded.
58 the encoder system 14 is corrected (calibration). In addition, in order

to perfbrhesespbsirategxateripdprocesslinchedmgliie ojeadliog, the alignment
operation and the unloading operation, when the substrate stage 1 moves

operihienyibnitypokiine dpysitasiod setdrduslibstiage pxcliangd pesitibstsateAPL and the

and CP2, the control 5 apparatus 9 measures the positional information of
likbarsytesfrateedtaghn 1his tneb¥daximtdiredieani psinenthgpdasbrtniet féroexetanre

34, and controls a position of the substrate stage 1. In addition, for
opexatioplef the whntraled) piat atusdmgasunesXbpgasitidraiimfdrinatgstah 4 on
the basis of the measurement result of the interferometer system 12 (first interferometer
unit 12A), and controls a position of the mask M held on the mask holding apparatus 3H.
In addition, in this embodiment, in the alignment operation and the exposure operation of
the substrate P, the control apparatus 9 operates the second drive system 5 on the basis of
the measurement result of the encoder system 14 and the detection result of the detection
system 13, and controls a position of the substrate P held on the substrate holding
apparatus 1H. The encoder system 14 measures the positional information of the
substrate stage 1 in the XY plane using the scale member T2 at least in the alignment
operation and the exposure operation of the substrate P.

In addition, in this embodiment, the laser interferometers 34 and 36 of the

second interferometer unit 12B are accessorily used in a case where long-term change

(for example, temporal deformation of the scale member) of the measurement values of
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the substrate stage 1 by the second interferometer unit 12B between the
loading operation and the unloading operation and/or between the
exposure operation and the unloading 10 operation, and controls a
position of the substrate stage 1 on thggbasis of the measurement result.
In addition, in this embodiment, in ordér to perform the unloading

thepacationsgndnineg expasete Opgliandthe substrate P, in a moving
range of the substrate stage 1, the X scales 28 and 29 respectively face

the hergdadnitsod /i ankdoDdpfireadsafiancitaay dbspales2mandidd the
respectively face the head units 47A and 47C (Y head 48). In addition, in

logdder éppeatitarimthealigrndnt operadion andihecexposutesaneratinove in the
the substrate P, in a moving range of the substrate stage 1, the Y scales

vighigndfiifecanfase dbedRadsisad @AchalA§B sitibaseferead &P20viegontrol
range (effective stroke range) of the substrate stage 1 for performing the

apphgnmenheaaiadiafapsiienekpdstirapesttionsabihae Giapb stratd Py thes
control apparatus 9 can obtain the positional information of the substrate
digdagenlubinthehXMsplaine: (i @dxistcY aKiananrdfddldueotians) ontbeslasistottage 1.
at least three measurement values of the linear encoders 14A, 14B, 14C,
Inaiiditiéb. o atiglitigls, fiecoandiclppppaialis8asarecaidinlsdpasitiatoahtitien of
substrate stage 1 in the XY plane with good accuracy by operating the
thesabncha btagsystemite ercdhd basitcalitieecpasitioDBI Rbvistor thaticalisgngeration
the effect of the air fluctuation on the measurement value of the 59 linear
areinbedmisddny toptdifioa sudiictértly dadiieack posuaspel avith thel lhsarmloading
interferometer, the encoder system has favorable short-term stability
opraga g the medsuiessiciohve te: wibhiraspeated thetidrfiuttoationmeasurement
compared with the interferometer system. First, the exposure sequence
reSAtwill be described. Further, as a premise in the 5 exposure sequence
SA, a base line measuring operation of the primary alignment system 15A
and a basddimennie alsisréngboprnatioinobiihe separficanytiadignivatihgygtemson and
1513ato 15Bd are assumed to be already performed. The base line of
ththex posnargaigionesfithe substrate P, in a moving range of the substrate stage 1, the

X scales 28 and 29 respectively face the head units 47B and 47D (X head 49), and the Y
scales 26 and 27 respectively face the head units 47A and 47C (Y head 48). In addition,
in order to perform the alignment operation and the exposure operation of the substrate P,
in a moving range of the substrate stage 1, the Y scales 26 and 27 can face the Y heads
48A and 48B. Therefore, in a moving range (effective stroke range) of the substrate
stage 1 for performing the alignment operation and the exposure operation of the
substrate P, the control apparatus 9 can obtain the positional information of the substrate
stage 1 in the XY plane (X axis, Y axis, and 6Z directions) on the basis of at least three
measurement values of the linear encoders 14A, 14B, 14C, and 14D. In addition, the
control apparatus 9 can control a position of the substrate stage 1 in the XY plane with
good accuracy by operating the second drive system 5 on the basis of the positional

information. Since the effect of the air fluctuation on the measurement value of the
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system 15A is in a positional relationship (distance) with the projection
position of the projection optical system PL and the detection reference
(detection center) of the primary 10 alignment system 15A. The base lines
of the secondary alignment systems 1§&Sa to 15Bd are respectively
relative positions of the detection reference (detection center) of the

likeeendadyralignmentsysients LoBH e dkBd willprespesiHehhR deRedi®irometer,
reference (detection center) of the primary alignment 15A. For example,

ththenbagke el the favivaas)e slionrment sysian bAriicalbeaedsuaiibablue

the reference mark FM is measured 15 in a state where the reference

withatds vk i disResad@imathe detepiied angiathdshrlfieldhatrigpnimary
alignment system 15A. Further, as the method disclosed in the
specifieatiQrhefel fiatasrtdarkcstion Il aiddepeibdAublRaiing, Noa premise in the
2002-0041377, in a state where the reference mark FM is disposed on

expesprojegtioncarsa, RRBE theeprejsatinn @ielioddsystem frimayalinlimageystem
of a pair of measurement marks are measured by a 20 spatial image

1 Ineasiiibgs© pasations ofi Agsip SGa0 MANRE s dddimdh By Paig ohshit patenss Sa to
Then, the base line of the primary alignment system 15A is calculated on

13Bd hasissofibetdietettidyeeufb anedtheTheassy dimeot fesptininradtionent
for example, specific alignment marks on the substrate P (process
systépstrate)saha pddieach brel detedigo Bisthe e printatiapgieogon pysiaon of the
15A and the secondary alignment systems 1513a to 1513d in 25 advance,
prajudtibe baselingscai HesdobaditycakgneferdnsysitnstldBatiel)sBdhargrimary
60 calculated on the basis of the detection result and the measurement
alilnestofythene hSAadershd dastdihdDoatlibedinmel afyddigctiegtthwspeciiiBa to
marks. Further, the control apparatus 9 adjusts a position of the
| St ardasp aligriyasisistieostithB aftthd dBddtidineck@xis deestiom sonsr) of
to be matched with the alignment shot area in advance. 5 For example, as
theRevondark {5 $htleatcontealapfBaatusSB disphsespide tothasierecnientrsfagace
2 on a position facing the final optical element 16 and the immersion
(dmertibercditennd theoypesiiing slipsitnate sfdge Fao dhanipht, shdobtratéine of the
exchange position CP1
primary alignment system 15A is calculated such that the reference mark FM is measured

in a state where the reference mark FM is disposed on the detection area (visual field) of
the primary alignment system 15A. Further, as the method disclosed in the
specification of US Patent Application Laid-Open Publication No. 2002-0041377, in a
state where the reference mark FM is disposed on the projection area PR of the projection
optical system PL, spatial images of a pair of measurement marks are measured by a
spatial image measuring operation of a slit scan manner using a pair of slit patterns SL.
Then, the base line of the primary alignment system 15A is calculated on the basis of the
detection result and the measurement result. In addition, for example, specific
alignment marks on the substrate P (process substrate) at a lot head are detected by the
primary alignment system 15A and the secondary alignment systems 15Ba to 15Bd in

advance, and the base lines of the secondary alignment systems 15Ba to 15Bd are
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in a state where the immersion space LS is formed between the final
optical element 16, the immersion member 11, and the measurement
stage 2 with the liquid LQ. Further, 10 when the exposed substrate P is
held on the substrate stage 1, the congé)l apparatus 9 moves the
substrate stage 1 to the second substrate exchange position CP2, and

calip@ets ot exRAased kRl ftam the subsitaierstage Lalispesest@ncoders
the second substrate exchange position CP2 using the transport stage 8.

14Aeretmnettiie aaniis @nparauddspocvesthk subBthakeStagechidthefiiskus 9
substrate exchange position CP1. The control 15 apparatus 9 loads the

adjingxpgrsiishhbstrateRdadhe slbstiaie Stagmd IdiBaesad B inehérgtaxis
substrate exchange position CP1 using the transport stage 8 (step SAl). In

dingtitioso Wwherbhe subsiratehstiagsiknneviesHor thedfiistsudsisate
exchange position CP1, the control apparatus 9 may perform the

measFenernphe Al wangRIE Inersiviaroenpsiagesd asspeadate For

example, the control apparatus 9 illuminates the 20 exposure light EL on
masuficgioneassr noant positbhieradthntheStiate vk dharenmes s Ep@ac@ersion

LS is formed between the final optical element 16, the immersion member
méhbandl thedfiisivacaswisinent Riegeblefod8ofithe ibeaserexorm iageizon CP1

with the liquid LQ. As described above the first measurement member 38
incofistitwisra thariihahthe @papiale hagefonras beewenttby Sienh jandiéhent 16,

spatial image measurement system 39 can obtain the 25 imaging
thehmiaetsivatiosrabéhe prajectiomepticahsystany P witlthikelagigldi@he Further,

exposure 61 light EL illuminated on the first measurement member 38. In
whelditiorx isedonibelrap Pasdicid drpeidcubsatdeagiconehef dbtrol apparatus 9

measurement operations using the wave front aberration measurement
meystahe 4dbatnat¢heaprehsutkenendaparbiivataistebaie poesiven (RINandnagoads

measuring system 43 as needed. The control apparatus 9 can adjust the 5
theplipataharbsiarisidsoni the priojeatiostagpticdlspystdmmPhasethedradistate

the measurement operation using the measurement stage 2. After the
exshbsprape frien ¢Rieakorg the saigioatststadge 1 Tineaordydiapparatupratus 9
moves the substrate stage 1 to the first substrate exchange position CP1. The control
apparatus 9 loads the unexposed substrate P to the substrate stage 1 disposed on the first
substrate exchange position CP1 using the transport stage 8 (step SA1).

In addition, when the substrate stage 1 moves to the first substrate exchange
position CP1, the control apparatus 9 may perform the measurement operation using the
measurement stage 2 as needed. For example, the control apparatus 9 illuminates the
exposure light EL on the first measurement member 38 in a state where the immersion
space LS is formed between the final optical element 16, the immersion member 11, and
the first measurement member 38 of the measurement stage 2 with the liquid LQ. As
described above the first measurement member 38 constitutes a part of the spatial image

measurement system 39, and the spatial image measurement system 39 can obtain the

imaging characteristics of the projection optical system PL on the basis of the exposure
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operates the second drive system 5 and starts to move the substrate
stage 1 toward the exposure position EP from the first substrate
exchange position CP1 (step SA2). 10 In this embodiment, the detection
area of the alignment system 15 is disppsed between the first substrate
exchange position CP1 and the exposure position EP. In this

ligmBpdinenhatbe eomedi’ppraiusHaaetasisbiiesslignmantifiarkse control
provided on the substrate P using the alignment system 15 before the

appaBgiratepRrisshibje ctact st BXPASIHNE IRETEEET {59 D) tHEVAR RNt

substrate P, a plurality of shot areas as the exposure areas are provided

abérr@idlathixashapenioiysxamplendhreatignuenidnesksaropidatamtien
substrate P so as to correspond to the respective shot areas. The control

illaphasatd R deiects ihealyhmanrkeararks THo visieeb Dipfieasubsateaffust the
using the alignment system 15 in the middle of moving the substrate

oslageHaftererihgchitst hehstriaiexoptioges pastidr OR ihtobhes 27 gxposure
position EP. The alignment system 15 detects the alignment marks on the

menexpasadopehsitatasthpeld aicibersubstraigstage 1 between the first
substrate exchange position CP1 and the exposure position EP. The

contropdippaiakiharmeves thalsdbstratesibhehtccmpel stHesttatiecdt@garhtus 9

with respect to the detection area of the alignment system 15, and
opdedestshtheadighdrant snacks 52mdrovided oo tbehsuhbiiaie: Bialge thisward the

embodiment, the alignment system 15 (15A, and 62 15Ba to 15Bd) has a
exiplovality afi detdeh droar dasfiandutande teahthig o hostiyhal Pie safposamnt

marks provided on the substrate P almost at the same time. In this

embodimenitethieodontiol depanattioR selecfshe pAgh(fenexameplel abalit®sed

to 16 areas) of the shot areas on the substrate P as the alignment shot
beaveas, tha didebabisrhtéha dligrpa patithark¥Pdandspendingue aiseie&Rd In this

shot areas using the alignment system 15 (15A, and 15Ba to 15Bd).
enlhelimastdibelosedohafipaiapeciidation dfeldtdhatemnt ok 4r@aded e

control apparatus 9 performs a so-called EGA (Enhanced Global
substrate P using the alignment system 15 before the substrate P is subjected to the
exposure operation (step SA3).

On the substrate P, a plurality of shot areas as the exposure areas are provided in
a matrix shape, for example. The alignment marks are provided on the substrate P so as
to correspond to the respective shot areas. The control apparatus 9 detects the
alignment marks provided on the substrate P using the alignment system 15 in the middle
of moving the substrate stage 1 from the first substrate exchange position CP1 to the
exposure position EP.  The alignment system 15 detects the alignment marks on the
unexposed substrate P held on the substrate stage 1 between the first substrate exchange
position CP1 and the exposure position EP.
The control apparatus 9 moves the substrate P held on the substrate stage 1 with

respect to the detection area of the alignment system 15, and detects the alignment marks

provided on the substrate P. In this embodiment, the alignment system 15 (15A, and
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Alignment) process in which the positional information of the detected
alignment marks is statistically calculated so as to calculate the positional
information (arrangement 10 coordinates) of each shot area on the
substrate P (step SA4). Therefore, the650ntrol apparatus 9 can obtain the
positional information of each shot area of the substrate P in the XY
158ane.1sBAYdition pii e niralcdgpryiatitsa8, maycabiatedhadyrinaier the
regarding the scaling and rotation of the substrate P by the EGA process.

alibhukieadeidias pib tids £ onoadisnBaiatb® dirirstiantassanidt@idhe detection
system 13 is disposed between the first substrate exchange position CP1

and thi expesuiediesitio thdxRBntrothisparahrdimastidhe senielapppiatusout 8
9 detects the positional information of the surface of the substrate P using

tothe deiertiomsysianmrds bafokesihs sabstrateht dfi gatlieciRek tadhe and detects
exposure operation (step SA5). 20 The control apparatus 9 detects the

thpasisionahitfarkiaiirefdhéise it oflteeedihstiatasRidisngéhei geteciicnstem
system 13 in the middle of moving the substrate stage 1 from the first

1 BUlsstraiededsBangespelitiomiel latalifitosxp astie ypesiticatiol of kS Patent No.
detection system 13 detects the positional information of the surface of the

4,08@6p0sed cuinsiraipitdneld porfoensubstratel siage A (ERivuaesdtieotbsst
substrate exchange position 25 CP1 and the exposure position EP. 63

Allfencon)ialoappairatuish thevesithensLibstiaia kR heftiondhiecsdsligiment marks

stage 1 with respect to the detection area AF of the detection system 13,
is andi dridbfs dihe positonal tinfelsuktio the biigtisudbioonithe s hstiagenkenin

this embodiment, the control apparatus 9 obtains the positional
cdofdmetpofahthessortace @f the sibbstnate BtegiBgahe detection 5 system

13 before the substrate P is subjected to the exposure operation. The

controTapprésatLith® abiaih apherstnaPec fapprakintat@@laioaal information of each

concave-convex information) of the surface of the substrate P based on
shiltenrefeifethes shitiacelZa dre (K& plane. In addition, the control apparatus 9 may
obtain the information regarding the scaling and rotation of the substrate P by the EGA
process.

In addition, in this embodiment, the detection area AF of the detection system 13
is disposed between the first substrate exchange position CP1 and the exposure position
EP. In this embodiment, the control apparatus 9 detects the positional information of
the surface of the substrate P using the detection system 13 before the substrate P is
subjected to the exposure operation (step SAS).

The control apparatus 9 detects the positional information of the surface of the
substrate P using the detection system 13 in the middle of moving the substrate stage 1
from the first substrate exchange position CP1 to the exposure position EP. The
detection system 13 detects the positional information of the surface of the unexposed

substrate P held on the substrate stage 1 between the first substrate exchange position

CP1 and the exposure position EP.
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basis of the height information Zij of each detection point Kij which is
detected using the detection system 13 (step SA6). 10 The control
apparatus 9 forms the immersion space LS with the liquid LQ between
the final optical element 16, the immer()s;on member 11, and the surface of
the substrate P in order to perform the exposure operation on the

substrate Rodfrdhigppanhasignasieiomhexanipiae #shdigadasad datdkieate stage 1 with
specifications of the US Patent Application Laid-Open Publication No.

regH0t0 IR de Bbridnd kS AatanhAppticatiarydorh arl-Siaar Retblibatioriihal
2007-0127006, in order to continue to form a space in which at least one

inefrifersubstratesstbge dfane dismeaBurament shalgalhean ielddhediqipphratus
LQ between the final optical element 16 and the immersion member 11,

9 BreatioNdio lpapiviaiLis (Orimakas ditleasirane of the Juppeits riategliRcoddhetion
substrate stage 1 and the upper surface 18 of the measurement stage 2

sytaes thietetver hufabarh Pof thbjiinal apticakejpirabpbratband the lower
surface 11U of the immersion member 11 in a state where the upper

surfac&He/cohthe splstiatcosiagent iBecinspetpproainesdplareootachvwtbonvex
the upper surface 18 (upper surface of the reference member 44) of the

infopasticamsathstageneas shronbsinate Bbhes Feiitherrdfecaonalfaqpasatishe
9 synchronizes and moves the substrate stage 1 and the measurement

basiage tAdréhehXiifdiraation Xijtbirespetittotibe poiak afifiodlieheimnént@bdlising the

and the immersion member 11. Therefore, while suppressing the leakage
denédtientd stignitBLQepheAzDNtrol apparatus 9 can move the immersion

space LS of the liquid LQ between the upper surface 17 of the substrate

stage Thanebthe Lygpersusfaderh8 didhenmesasuspateiiStaigk tBe liqgihis LQ

embodiment, when the immersion space LS of the liquid LQ is moved by
betiveeerpper fSufape dal dtthenslibsthatenst@gech andhitine Uppexdstiface b8 of the

5 the measurement stage 2, the control apparatus 9 operates the second
subhsirets Paite ordeistecpeioat e eppesusedpeatidhafithie substratePstage 1

and the upper surface 18 of the measurement stage 2 have the

substdntiaikyesaimodi height¢becanpityg dludhalitedmcthothecifications of the US
Patent Application Laid-Open Publication No. 2006-0023186 and US Patent Application
Laid-Open Publication No. 2007-0127006, in order to continue to form a space in which
at least one of the substrate stage 1 and the measurement stage 2 can hold the liquid LQ
between the final optical element 16 and the immersion member 11, the control apparatus
9 makes at least one of the upper surface 17 of the substrate stage 1 and the upper surface
18 of the measurement stage 2 face the lower surface 16U of the final optical element 16
and the lower surface 11U of the immersion member 11 in a state where the upper
surface 17 of the substrate stage 1 is close to or comes into contact with the upper surface
18 (upper surface of the reference member 44) of the measurement stage 2 as shown in
FIG. 10. Further, the control apparatus 9 synchronizes and moves the substrate stage 1

and the measurement stage 2 in the XY direction with respect to the final optical element

16 and the immersion member 11. Therefore, while suppressing the leakage of the
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and adjusts the positional relationship between the substrate stage 1 and
the measurement stage 2. 10 In the above description, in order to move
the immersion space LS of the liquid LQ by the upper surface 17 of the
substrate stage 1 and the upper surfa§%18 of the measurement stage 2,
at least one of the upper surface 17 of the substrate stage 1 and the

lidppeI@uHaeent® Lifpampasbia MRt sirgehhéages §pectonSbsuitacquibLQ
of the final optical element 16 and the lower surface 11U of the immersion

bevasabalclibpiessiatee 15 whekests tnpetagdrfacs] e aipihe Supsteats of the
stage 1 is close to or comes into contact with the upper surface 18 of the

mbasasuien enbstageld. tnyrtheio dnasiubstiatalsiageniraiod thece LS of the liquid
measurement stage 2 are synchronized and moved in the XY direction

L@ithmespe elytehthepfralienteal7ale thertib&randcthe: immensionpparsheice 18 of
11. This operation is arbitrarily referred to as a scrum sweep operation.

the hAfterdhe maiugt JverR oneshliophrassh@peritck the 1dcdhe difiad opieal 5 such
element 16 and the immersion member 11 face the surface of the

thatibstigisePsand ¢ne infithersionrspace:td imdatmagpsithuitiaciq@idilQe

between the final optical element 16, the immersion member 11, and the
méiliaaadi thegsubsiraiehP sulheaadnlipbappaiEihs Seadinsts thesposithonzh other),

relationship between the 25 projection area PR of the projection optical
ansysd@mPhapsh itienahotl aieasaffhe sidestiaa b Gmtascghd paditienakasurement

relationship between the image plane of the projection optical system PL
staedthe surface of the substrate P on the basis of the positional

information of the shot areas of the substrate P obtained in the step SA4

and thin apprbxivaais gianefithe dstibsinate: Fhebiainasion tpacst®d SAthe liquid

Further, the control apparatus 9 sequentially 5 exposes the plurality of the
LQlot thkeaspof thefsteobirafehe vibdingdiguict LQraf theuppenensface dpackths

(step SA7). In this embodiment, the positional information of the substrate
metagerhdst stage 2, at least one of the upper surface 17 of the substrate stage 1 and the
upper surface 18 of the measurement stage 2 faces the lower surface 16U of the final
optical element 16 and the lower surface 11U of the immersion member 11 in a state
where the upper surface 17 of the substrate stage 1 is close to or comes into contact with
the upper surface 18 of the measurement stage 2.  Further, the substrate stage 1 and the
measurement stage 2 are synchronized and moved in the XY direction with respect to the
final optical element 16 and the immersion member 11. This operation is arbitrarily
referred to as a scrum sweep operation.

After the scrum sweep operation, as shown in FIG. 11, the final optical element

16 and the immersion member 11 face the surface of the substrate P, and the immersion
space LS is formed with the liquid LQ between the final optical element 16, the
immersion member 11, and the surface of the substrate P.

The control apparatus 9 adjusts the positional relationship between the

projection area PR of the projection optical system PL and the shot area of the substrate P
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measured by the encoder system 14 in the middle of at least the exposure

operation of the substrate P. The control apparatus 9 measures the

positional information of the first 10 substrate stage 1 in the XY plane

using the encoder system 14 and the 8gale member T2, and exposes the

substrate P. The control apparatus 9 controls a position of the substrate
anslagepbdnithaY abaRi pBdhecbasie ahiise praasoremend)sluasphitie system

encoder system 14, and at the same time sequentially exposes the

PIbhi@liby ofiteeshiotharans it e substtaia P fimagdilionnal Srihere@idrobf the shot
apparatus 9 adjusts the positional relationship between the image plane of

artae oprajegiyir-apticabsyséd e ang Brasuitpee apphexsubstiatedodmhthe
basis of the approximate plane of the substrate P which is previously

suedneeridpeinraitheistibsppBad iFsthiectiaddenths expostireoRgatially
and exposes the substrate P at the same time. The exposure apparatus
exipdsef thisphmndisniens ihé searRingdy RS Expedura tBO lapaamsf the
(so-called scanning stepper) which synchronizes and moves the mask M
inanekstbe substr@esRprsapyedetermined scanning direction, and at the
same time projects a pattern image of the mask Mon the substrate P. In
this embadieeiicdhacstaeipgsidisestiafiophthi s wishatat i syehsenized
moving direction) is assumed as the Y axis direction, and the scanning
melikaetid byofhh encaisk Msispnchianizechicdiviog «dikest di) éx@Bs@isoperation of the
assumed as the Y axis direction. The exposure apparatus EX moves the
subutvstedte PTR6 conthig ap pasisidlii® aiteRuasttiie ppeitideatiafprojedtioofateafirst
PR of the projection optical system PL, and moves the mask M in the Y
sudxisadiregagion initheeSpetirte ukiadhmimatider areantR ©hildehibutitaitiember T2,
system IL in synchronization with the movement of the substrate Pin the
and expodisebtionbAtathdsame time, the exposure apparatus EX 5
illuminates the exposure light EL on the substrate P via the projection
opticall$ystentréllappachtiedicoid dlQa posixpos ds thebsuhstsateeR.in the XY
Further, the control apparatus 9 can synchronize and move the substrate
plstagm the basis of the measurement values of the encoder system 14, and at the same

time sequentially exposes the plurality of the shot areas of the substrate P. In addition,
the control apparatus 9 adjusts the positional relationship between the image plane of the
projection optical system PL and the surface of the substrate P on the basis of the
approximate plane of the substrate P which is previously deduced before the substrate P
is subjected to the exposure operation, and exposes the substrate P at the same time.
The exposure apparatus EX of this embodiment is a scanning-type exposure
apparatus (so-called scanning stepper) which synchronizes and moves the mask M and
the substrate P in a predetermined scanning direction, and at the same time projects a
pattern image of the mask M on the substrate P. In this embodiment, the scanning
direction of the substrate P (synchronized moving direction) is assumed as the Y axis
direction, and the scanning direction of the mask M (synchronized moving direction) is

also assumed as the Y axis direction. The exposure apparatus EX moves the substrate P
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and the measurement stage 2 in the XY direction in a state where the

upper surface 17 of the substrate stage 1 and the upper surface 18 of the

measurement stage 2 are close to or 10 come into contact with each

other in exposing the substrate P. Afte6r6completing the exposure of the

substrate P, in order to move the immersion space LS of the liquid LQ
infreytheisippestoi fang dedplthe srhsbpiaisiageaHR treHenRefefa6tical

18 of the measurement stage 2, the control apparatus 9 performs the

sySEPISWadmeRsr aliomiskavsiatehwiversidkiereRer wiifaggdot &f tieillumination
substrate stage 1 and the upper 15 surface 18 of the measurement stage

aréadie Slobe iltuali Qe ptecaontaatwitheathadiewitAfier theseietof the
sweep operation is completed, the immersion space LS of the liquid LQ is

sulsyimedrogtwean dkie firadpticaelemeinhd Gnibetinsrgision mppairbers EX
and the upper surface 18 of the measurement stage 2. In order to unload

illiheiexpo sedespbsiiati AfRINbth@suisiiate Btagehk, fhgaetioi @pizéil system PL
apparatus 9 operates the second drive system 5 and starts to move the

arslibstiRfe $laQeahdfeapoibe thxpobsiretp®sition EX toward the second
substrate exchange position CP2. The control apparatus 9 moves the

substratetstaghelcnthe seeancsakairaieexchanrgsdosiiomhERBantt stage 1
unloads the exposed substrate P from the substrate stage 1 disposed on
arithehsenandrsulesir atepe Rcinahg XYodituan S6RR2 using thiecteathsppiiesysignad] 7 of
(step SA8). 25 Thereafter, the control apparatus 9 moves the substrate
thstagstiate dheditsisliistigiped fudxaha o thesittasutdiie andagael aihelose to or
unexposed substrate P on the substrate stage 1 using the transport
cosystam SolmithisiendaohlivdesttiradtgrodisposingibhedmmiPersion space LS on
the measurement stage 2, the control apparatus 9 measures a relative
positioAétrelatiphship (hasepinejeaifGhbeutletecti®nicender af theve the immersion
secondary alignment system 15 with respect to the detection center of the
spacieristyohtignhoaid Ey3teomlthAwsgiagsthéacefErarfahanabksadddtafehieto the upper
reference member 44 constituting a part of the measurement stage 2. The
suctaetrdB of the measurement stage 2, the control apparatus 9 performs the scrum sweep
operation in a state where the upper surface 17 of the substrate stage 1 and the upper
surface 18 of the measurement stage 2 are close to or come into contact with each other.
After the scrum sweep operation is completed, the immersion space LS of the liquid LQ
is formed between the final optical element 16, the immersion member 11, and the upper
surface 18 of the measurement stage 2.

In order to unload the exposed substrate P from the substrate stage 1, the control
apparatus 9 operates the second drive system 5 and starts to move the substrate stage 1
from the exposure position EX toward the second substrate exchange position CP2.

The control apparatus 9 moves the substrate stage 1 to the second substrate exchange
position CP2 and unloads the exposed substrate P from the substrate stage 1 disposed on

the second substrate exchange position CP2 using the transport system 8 (step SAS).

Thereafter, the control apparatus 9 moves the substrate stage 1 to the first substrate
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apparatus 9 measures a pair of reference gratings 45 on the reference
member 44 using the Y heads 48A and 48B. The control apparatus 9
adjusts a position of the reference 10 member 44 regarding the OZ
direction on the basis of the measurerggnt values of the Y heads 48A and
48B. In addition, the control apparatus 9 measures the reference marks
exdMiR theitefgrEPcaniesbs itduHsiiohe pHsmaty RignmentsysieddA, using
and adjusts a position of the reference member 44 regarding the X axis
thamenépoxiss gieestions, for example, using the measurement values of the
second interferometer unit 12B on the 15 basis of the measurement
valuesinlhibisnstatenitie, coriral popR@LHs ShaikisitangausiySneaskes higement
reference marks AM on the reference member 44 which is in the visual
stiigl@ ohtheoretegiiieatie oaneayrelig iengiesysiring L kibaita BB tbusinghe) of
four secondary alignment systems 15Ba to 15Bd, and obtains the base

thinkscofifaweaasatdasysalgrangnilRysiems 1hddal owl dbpett o daddéasttion
the control apparatus 9 controls the second drive system 5 when the
centdisifaie piageard idi perfonmingeinel Suhsfigielexeiange:pracaessaMuod the
moves the measurement stage 2 to an optimal position (optimal scrum
refresitienéarbee Horoing it Sepin shthepnepanaiitsnt 2B gt einafietotieol
process as described above is repeatedly performed in the 68 exposure
appacueneanSisuidial jpithe edatot appaiaitg D opdiek e saconbeedidaising
system 5, and moves the substrate stage 1 from the first substrate
theXCheantyelpasitidd B2 1 Thdheexpagip:epashiad R aihaalignofent reference
system 15 detects the alignment marks provided on the substrate P in the

méhiteietofriarapgr atioaZnitycing themeawmentiaf thedishsitatadwagethe Y
from the first substrate exchange position CP1 to the exposure position

hdalfs 48 additiogn thergatretion systeom:bs gptaatsdoaRasiienaldnéeeratiomarks

of the surface of the substrate P in the middle of the operation including
AMemavesierheé ieémber 44 using the primary alignment system 15A, and adjusts a
position of the reference member 44 regarding the X axis and Y axis directions, for
example, using the measurement values of the second interferometer unit 12B on the
basis of the measurement values.

In this state, the control apparatus 9 simultaneously measures the reference
marks AM on the reference member 44 which is in the visual field of the respective
secondary alignment systems 15Ba to 15Bd using four secondary alignment systems
15Ba to 15Bd, and obtains the base lines of four secondary alignment systems 15Ba to
15Bd.

In addition, the control apparatus 9 controls the second drive system 5 when the
substrate stage 1 is performing the substrate exchange process, and moves the
measurement stage 2 to an optimal position (optimal scrum position) for performing the

scrum sweep operation.

Hereinafter, the process as described above is repeatedly performed in the
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substrate stage 1 from the first substrate exchange position CP1 to the
exposure position EP. Thereafter, the control apparatus 9 moves the
substrate stage 1 holding the substrate 10 P to the exposure position EP,
and performs the exposure of the subggate P. Next, a foreign matter
processing sequence SB will be described. The foreign matter processing
exgpRauRNeg RBcsiNdeT Haeiopaeatairioagpieaing yaigesmatiecondtitve
upper surface of the scale member T2 using the detection system 13. In
sys@eitDmnd fiseembodiRiant, dhedaraign MatesRisessing aeaiweiribsh CP1
includes the process for 15 determining whether or not a cleaning

toQRE BxipoRuIE PokiarnaPonThe Soaleene sy 25 deaerding 40 ghthent marks
detection result of the detection system 13. The cleaning operation

prindlitdiesnt fie: opevatierPior temaoiidlg tTeHoopigacvaties aditbehdapevement of the
surface of the scale member T2. In addition, in this embodiment, the

sulsyieignsempéterfprocesding sesiencex SRnpeipsisdh€PpeasatiosFposure position
determining whether or not the control mode change of the 20 substrate

ERtage ddiperfaingdeadoardingio ithddeisatepoetlihaf itferteiection the
system 13. In this embodiment, a first acceptable value and a second

suazce pitdble sudlitenteayar diegnifielld eteditospoifeiondtiondih fhddaneigimaattdrthe
obtained by the detection system 13 are set in advance. The foreign

subnaither cledectitronnthenfiationbachiie esdhilegsp@itione dfithetbizexposure position
information, the amount information, and the positional information of the

EB9 Toxetgifitenatie ;oancdithppacaupatianvasahdnidrsnationatth@datwigihe substrate
matter per unit area. In this embodiment, the second acceptable value is

P targerettjansihepicsti ac ¢ tatd @ ardbums | thehes pernbre diftientubaieiccthe
detection information of the foreign matter is equal to or less than the first
accepiabte, udhrejgh is aiete priceditipaicthete esSBviolierg G eniatier whietfoseign
not acceptable in exposure. The foreign matter which is not acceptable in

mex@osuke dsitly dagufore B matietewtiiclv peruers firelaoaasigr émeph matter on the
information obtained by the encoder system 14 using the scale member

upp2runusablef the ectlo hibmistiiB2raseng the detection system 13.  In addition, in this

embodiment, the foreign matter processing sequence SB includes the process for
determining whether or not a cleaning operation is performed on the scale member T2
according to the detection result of the detection system 13. The cleaning operation
includes the operation for removing the foreign matter on the upper surface of the scale
member T2. In addition, in this embodiment, the foreign matter processing sequence
SB includes the operation for determining whether or not the control mode change of the
substrate stage 1 is performed according to the detection result of the detection system
13.

In this embodiment, a first acceptable value and a second acceptable value
regarding the detection information of the foreign matter obtained by the detection
system 13 are set in advance. The foreign matter detection information includes at least

one of the size information, the amount information, and the positional information of the
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stage 1. The control of the substrate stage 1 includes at least one of the
positional control and the movement control of the substrate stage 1. For
example, in this 10 embodiment, when the detection information of the
foreign matter is equal to or less than (%I?e first acceptable value, it is
determined that there is no foreign matter. Alternatively, when the
foeatectinndnianmaiéast aipheoioreignniaiRkithequné 1 eidessdiapthafiisirea.
acceptable value, even though it is detected that the foreign matter exists,

Initiss dateoaines:, thatsthefaraigspmadeniadoseigremate thwhieh igceptable value.
acceptable in exposure (foreign matter 15 of which the information

measurethid et encostensyatain ddedsisigitiersralenoe Mbestdncante is
used for controlling the substrate stage 1). In this embodiment, when the

eqiatectigndafainatieniah the dpraipvaagiar ieyeeeasihietfisstiaseeptadiereign
value and is equal to or less than the second acceptable value, the

meoatwhiviodenchangpablbhemsihsiiate stape fbisigeratmedhlohadaidomdeptable
this 20 embodiment, when the detection information of the foreign matter

inexgeeds ihelseeofide igaaapiable Malliendesalkanieg wraiaitdnfisrmation obtained
performed. In the description below, a case where the detection

byinferenatider of ianiaidn usiafieidSdhie siembéte tareigblenattentill ihe substrate
described as an example. Therefore, for example, when it is determined

stigatitheBize @ittbeddrieignivaitersdeie ttedlngdhet 2o deiectothsysicnohd]
is equal to or less than the first acceptable value, the control 70
conpjohtaidish® aleterininesoiitadltbetkeisubstfareigipenhtteFoy\dramiilés in this
determined that the size of the foreign matter exceeds the first acceptable
ervbdidénaond, ivlequaktdetsciéss iifenmth setohdfactigptamatevalewquiheo or less than
control apparatus 9 performs the control mode change of the substrate
thstfige dechpatititahyavhendtisraetedinechthaidihne tize @f thattareigdtbrnatively,
matter exceeds the second acceptable value, the control apparatus 9
wharfidkmie thei ol éafioimgpdpe ratihn . fereihrem drtidhis @miladiordets iaenhihérst
position of the foreign matter detected by
acceptable value, even though it is detected that the foreign matter exists, it is determined
that the foreign matter is foreign matter which is acceptable in exposure (foreign matter
of which the information measured by the encoder system 14 using the scale member T2
can be used for controlling the substrate stage 1).

In this embodiment, when the detection information of the foreign matter
exceeds the first acceptable value and is equal to or less than the second acceptable value,
the control mode change of the substrate stage 1 is performed. In addition, in this
embodiment, when the detection information of the foreign matter exceeds the second
acceptable value, the cleaning operation is performed.

In the description below, a case where the detection information of foreign
matter is the size of the foreign matter will be described as an example. Therefore, for

example, when it is determined that the size of the foreign matter detected by the

detection system 13 is equal to or less than the first acceptable value, the control
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the detection system 13 is in the outside of the acceptable area of the
upper surface of the scale member T2, at least one of the control mode
change and the cleaning operation is 10 performed. When the position of
the foreign matter is in the acceptable.ﬁ{ea of the upper surface of the
scale member T2, the control mode change and the cleaning operation

appeeIned padiermagds BvenHbreughdhertosaignmeattewnsisis 9dhemined that the
acceptable area of the upper surface of the scale member T2, the foreign

siretehdines pohate sele Rffactihe JapssRmenicaparatiQuafther less than
encoder system 14. For example, the 15 acceptable area includes an area

thisudaeh 1besriblo e diffastioogralingpRenangnretie ssaaleomesnbridd 2hange of

In this embodiment, the foreign matter processing sequence SB is
thpstfivimedsiag predetridnivadwianiod ofdinpmwienialt¢rsti e L ROBUEREN

operation of the substrate P is not carried out. In this embodiment, the
miogigReoral eidseaassingegtshlevat & Bhis el ippaetiinceppaindsahe

time when the loading operation, the alignment operation, the exposure
clepenagtigeacdihe unloading operation of the substrate P are not

performed, that is, in a period of time when the exposure apparatus EX is

in an idetstaten khiorgabddi prifqrwhthelofeigit shastehprogggsingitter detected by

sequence SB in a predetermined period of time when the substrate P is
thadtsdhijectgdiémtihe Xpake e Ralopératiansdha bty aign ohditetigpacassiog of the
sequence SB is instructed to be performed at a 71 predetermined timing.
scalearzontbeo 'k pataissodstdrisctogpaidb o db e ldetectiom thpetaditng @ptiation is
foreign matter on the upper surface of the scale member T2 using the
petittaation Systanthd Powiaoprefigiefoririga petiad ofitithe astwnatie axposuhe
operation of the substrate P is not carried out (step SB 1). 5 The control
upepanafas 9fhdeastiiesithepodtotsl toforoatiode ehthesulhdtiatel siage 1
using at least one of the encoder system 14 and the interferometer system
opkZathin the satperfimacdvhilEvaotinggdinéhsdbsaiirgienstaeec 1ins thie theY aptapeble
with respect to the
area of the upper surface of the scale member T2, the foreign matter does not adversely
affect the measurement operation of the encoder system 14. For example, the
acceptable area includes an area in which there is no diffraction grating RG among the
scale member T2.

In this embodiment, the foreign matter processing sequence SB is performed in a
predetermined period of time when at least the exposure operation of the substrate P is
not carried out. In this embodiment, the foreign matter processing sequence SB is
performed in a period of time when the loading operation, the alignment operation, the
exposure operation and the unloading operation of the substrate P are not performed, that
is, in a period of time when the exposure apparatus EX is in an idle state.

In order to perform the foreign matter processing sequence SB in a

predetermined period of time when the substrate P is not subjected to the exposure

operation, the foreign matter processing sequence SB is instructed to be performed at a
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detection area AF of the detection system 13, the control apparatus 9

detects the foreign matter on the upper surface of the scale member T2

using the detection system 13. The 10 control apparatus 9 detects the

foreign matter on the basis of the detection result of the detection system

13 and the measurement result of the encoder system 14 (or the
priedaroneetemnsyste mhkdoMsotlespitaad abemes it thisfembadigeentidh@peration

control apparatus 9 can obtain at least one of the size information, the
ofamofertifonaaian, theupasitiomatirdotnaiarn aldh®domigrimatterdasetion

the occupation area information of the 15 foreign matter per unit area on

sykienbasimof phaleletaation pesvll of tiecdaieating Syssauire bpeaidihss the substrate
measurement result of the encoder system 14 (or the interferometer

P gyséecnd2d dociRisgeswodiment, since the detection system 13 is
disposed on a position in which the detection operation of the foreign

matteror toatugipgipstiface ektherscale poatvpar ihloemaths o€ ey vuddiate
the period of time when the exposure operation of the 20 substrate P is

stied cakiigdoldadt oao effactivelyldetocicing £xisiaheentdibofocaigpytiatian. At
on the upper surface of the scale member T2. FIG 12 is a diagram

thillsgtratingeavehidtterdigng the Javeiginemagen on dedXippeinswidce gictheo the
plate member T including the upper surface of the scale member T2 is

dedetected ¢isikig dheheldteatiton Systeim 13 thsconavinappirtud 2, dat@rdehdédoreign
detect the 25 foreign matter on the upper surface of the plate member T in

matferedeties mppedspefioe «fth2 stihenidnerei e expostkedepetadionyokind 3. The
substrate P is not carried out, the control apparatus 9 moves the

cosis tipparatag® deredtsahné Yoptage mitteresphetinihef detattioniana@sWiFobithe
the detection system 13. In this embodiment, at least one of the upper

deseufaces §stenf 1Reusdiiainate stageehtaad thef dppetsudacestbthafdtiier the
measurement stage 2 faces the 5 lower surface 16U of the final optical

ineldmeniclt sywkthd 20weAsddacedd bbof¢he thismetsidmmaerthecddtiol a
state where the upper surface 17 of the substrate stage 1 and the upper

appartace 9 &ofolbreimedsaveme nif shegéz2 mferchageriotin smmenintdoconiaoet, the
with

positional information of the foreign matter, and the occupation area information of the

foreign matter per unit area on the basis of the detection result of the detection system 13
and the measurement result of the encoder system 14 (or the interferometer system 12).

In this embodiment, since the detection system 13 is disposed on a position in
which the detection operation of the foreign matter on the upper surface of the scale
member T2 can be performed in the period of time when the exposure operation of the
substrate P is not carried out, it can effectively detect the existence of the foreign matter
on the upper surface of the scale member T2.

FIG. 12 is a diagram illustrating a state where the foreign matter on the upper
surface of the plate member T including the upper surface of the scale member T2 is
detected using the detection system 13. As shown in FIG. 12, in order to detect the

foreign matter on the upper surface of the plate member T in a predetermined period of
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each other. At the same time, the substrate stage 1 and the measurement
stage 2 are synchronized and moved in the XY direction. Therefore, the
substrate stage 1 can be 10 moved with respect to the detection area AF
of the detection system 13 in a state V\g?ere the immersion space LS is
formed with the liquid LQ between the final optical element 16, the
tiniB WAES AeBgsohae bbeaniding mMesstiement stiage adrithatistiBeontrol
substrate stage 1 can be roughly moved in the XY plane with respect to
appeAeiecinargr Abitradstaige Whetketeyigmeraion sppes loStis fksredn area
and the detection operation of the foreign 15 matter can be performed on

Athes shibatasdially Sotsie arca of the eppediskkface (vppencsoffasaipbdheurface 17
plate member T) 17 of the substrate stage 1. In this embodiment, the

ofatibstiaiadteistheld andhieesippsiraierieldiggappaiaiverdinein dagenidsiesahe
the detection operation of the foreign matter. Further, a dummy substrate

lowmays b deeldeandhehsisirapei holelingeapparaid shtHowdheurtidel lel Of diieh20
detection operation of the foreign matter. Unlike the substrate P for the

inenpeseiendhtbedUMiny substiatedsta (gparyumiaterial ovithehighscleanness and
so as to be unlikely to give off any foreign matter. The dummy substrate

thhapibesapcexietelye sama appaaranee nsctbiRisotéhe sobstiaie fOnideewith

substrate holding apparatus 1H can hold the dummy substrate. By
caobldihgrthesstifisitaie Bnos,tihe sy swhsirbtadyhthecisbairaéatholding are
25 apparatus 1H, the substrate holding apparatus 1H can be protected by
syt sulstdeiedharvéd ithddNTidiyestibatratEhirdfueaniciel balofitine slepectiom be
operation of the foreign matter. Further, the detection operation of the
miorelgnithn attpednaythe qrestoionedein AFstathadresetianmanehel 3uch satthehere
substrate P or the dummy substrate is not held by the substrate holding
thapparattisrltpabelh $SHisfemizddime nhethiguio hifpbeypparathis Mndbtpcisal element
foreign matter in a predetermined area on the upper surface of the scale
1 mémbemeERinhickmbends,inhd thomtaat withdhesliqieid. L Qlohtle ithersassicite stage
space LS in the middle of at least the scrum
1 can be roughly moved in the XY plane with respect to the detection area AF in a state
where the immersion space LS is formed, and the detection operation of the foreign
matter can be performed on the substantially entire area of the upper surface (upper
surface of the plate member T) 17 of the substrate stage 1.

In this embodiment, the substrate P is held on the substrate holding apparatus 1H
in the middle of the detection operation of the foreign matter. Further, a dummy
substrate may be held on the substrate holding apparatus 1H in the middle of the
detection operation of the foreign matter. Unlike the substrate P for the exposure, the
dummy substrate is a (clean) material with high cleanness so as to be unlikely to give off
any foreign matter. The dummy substrate has the approximately same appearance as
that of the substrate P. The substrate holding apparatus 1H can hold the dummy
substrate. By holding the substrate P or the dummy substrate by the substrate holding

apparatus 1H, the substrate holding apparatus 1H can be protected by the substrate P or
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sweep operation and the exposure operation of the substrate P. For
example, the edge shot area of the substrate P is exposed, the liquid LQ
of 10 the immersion space LS protrudes to the outside from the surface of
the substrate P, and thus comes into %)ntact with the scale member T2.
The exposure light EL is unlikely to be‘illuminated on the scale member

thd duhlaweviessieaa the siadieldhe draersionoppatR n(bn MeDiiarealtkS
in the XY plane is larger than the projection area PR which is the

Filth&inat artacaamdpbaexposuie figbidnlmiherliguidb Qeirsadaaasibiiy afhere a
coming into 15 contact with the scale member T2. In addition, in this

menthedinorat, iy parfatmriPHiite SeidMSWBsRePRIAboR: theyithearsiaate
space LS of the liquid LQ moves between the upper surface 17 of the
hauhsgttaipagiagel Mand the upper surface 18 of the measurement stage 2,
so that a part of the upper surface of the scale member T2 comes into
contadh witheibdiitienk, Gholcthrrtnapptsioims Spaaed Storitiemasaription
below, a part of the 20 upper surface of the plate member T coming into
preaetaatindthaiee dauid Lpef dhdadmnorersiotukpmetnbs INthdittiddieaf e
scrum sweep operation and the exposure operation of the substrate P is
comtthdirarity reddigeidtD@oarkontaataion pacdllS ihdtis mididigraat least the scrum
schematically illustrating the contact area CA. As shown in FIG 13, in this
svasgbopénaenh ardahasigpoaneacpdhdmustdibeudishateale Pin the upper 25
surface of the plate member T has a possibility of coming into contact with

the ligtiel eQAMgloflibedaunbosiarsphite kibityathd exposereal operadgoid LQ of

(immersion exposure operation) of the substrate P. In addition, in the
thed rumie siveeyp ageel Stionotaid areat ieAR midictrisnaipastirfae dlod thé sidataftéhie and

upper surface 17 of the substrate stage 1, to which the upper surface 18
thof thenssdasucemantsidgd & sisit asenibed MROMERdrtcposuniatipmithl. asndikely to

possibility of 5 coming into contact with the liquid LQ of the immersion
besphcei hfe dThrathis straldiseamboimeH whee aositact theedz€ Af ghe arabeckfoy space

the exposure sequence SA includes the area CAl and the area CA2.
(immersion area) LS in the XY plane is larger than the projection area PR which is the
illumination area of the exposure light EL, the liquid LQ has a possibility of coming into
contact with the scale member T2. In addition, in this embodiment, by performing the
scrum sweep operation, the immersion space LS of the liquid LQ moves between the
upper surface 17 of the substrate stage 1 and the upper surface 18 of the measurement
stage 2, so that a part of the upper surface of the scale member T2 comes into contact
with the liquid LQ of the immersion space LS. In the description below, a part of the
upper surface of the plate member T coming into contact with the liquid LQ of the
immersion space LS in the middle of the scrum sweep operation and the exposure
operation of the substrate P is arbitrarily referred to as a contact area CA.

FIG. 13 is a diagram schematically illustrating the contact area CA. As shown

in FIG. 13, in this embodiment, an annular area CA1 around the substrate P in the upper

surface of the plate member T has a possibility of coming into contact with the liquid LQ
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As described above, as the foreign matter with a possibility of being

attached to the upper surface of the plate member T, the liquid LQ

(droplet of the liquid LQ) may be 10 exemplified. In the contact area CA

coming into contact with the liquid LQ ﬁ the immersion space LS, there is

a high possibility that, for example, the liquid LQ of the immersion space
oflsheMaméasivai RREa IS EOfhthexpRigd dpetdhensihsiiateon etptsdrtodh@ation) of

liquid LQ may be attached thereto. Using the detection system 13, by
theauyingtow the detectin iRy atiamaiibey Bpdareign Mmaiter QD wHAtYSIA part

the contact area CA with a high possibility that the foreign matter exists

orfRONY thé:WippkE spiptacedidbe platetheneimieste staghudingwihecHpREtupper surface
surface of the first plate Ti and the upper surface of the scale member T2,

1 foighmeatiet crA e gdelaciadswith geotheffiaionen anthvganthace wasibility of
In addition, the control apparatus 9 performs the detection operation of the

copdiigreigreoneite withhBeCoiar & e A oimbisi sippeicsUrfaceToiathe, plates
member T using the detection system 13. Further, the control apparatus 9

enpiesthinmesttheed@itationcoAaiivraidne foreigipmatiesepenerb A includes the
non-contact area NCA other than the contact area CA. Even in the
areoaAoniattiaraeNCA2with which the liquid LQ of the immersion space
LS does not come into contact, for example, a part of the liquid LQ of the
25 immeréiecriseded bt iasplashet:amhatachdd, popaiitiestfladtingtinched to
the arrangement 75 space of the exposure apparatus EX are attached, so
ththgigereigfaceaifehapaydmpidse T, thehégoahirQ @ppgikatostRedéquideledt may be

the existence of the foreign matter in the non-contact area NCA on the
exgppeifidifade tictbenplatametbeomingingotbendetedlitnisytitarid 13) bf this
embodiment, the control apparatus 9 moves the substrate stage 1 in the
inbméxiplasyenvei thS;ahpecisto liieh getadiitinyahas Ak ofdingldedectiqnidyseod the
13. In addition, the control apparatus 9 performs the detection operation
inohénedorgigre nSitteryarittdn subgtaniditicentirerated dicthebsipperPseidadeo the
of the plate member T including both the
liquid LQ may be attached thereto.

Using the detection system 13, by carrying out the detection operation of the
foreign matter with priority in the contact area CA with a high possibility that the foreign
matter exists among the upper surface of the plate member T including the upper surface
of the first plate T1 and the upper surface of the scale member T2, foreign matter can be
detected with good efficiency and good accuracy.

In addition, the control apparatus 9 performs the detection operation of the
foreign matter in the contact area CA on the upper surface of the plate member T using
the detection system 13. Further, the control apparatus 9 performs the detection
operation of the foreign matter even on a non-contact area NCA other than the contact
area CA. Even in the non-contact area NCA with which the liquid LQ of the immersion

space LS does not come into contact, for example, a part of the liquid LQ of the

immersion space LS is splashed and attached, or particles floating in the arrangement
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contact area CA and the non-contact area NCA. The control apparatus 9

determines whether or not the size of the foreign matter 10 obtained by

the detection system 13 exceeds the first acceptable value on the basis of

the detection result of the detection s¥§tem 13 (step SB2). That is, the

control apparatus 9 determines whethér or not the foreign matter which is
spacd acaeptapleifcexpasiiie EXsie indhesiep SBXovwhanitisdelaypinpetsent.

that the size of the foreign matter is equal to or less than the first

TiacesRtablpyaluas hatisdadie hthexforaignonaiterowhiahisteetid the non-contact
acceptable in exposure is not detected, the control apparatus 9 performs a

arpiediere o the dippercast&tichtas Plaréarminse(resianing) ihacexpasyktem 13.
sequence SA. On the other hand, in the step SB2, when it is determined

that thin side @hbodifeigighdvatiesiexgeesadveniisst agrepiphlawaluge thi the
control apparatus 9 determines whether or not the size of the foreign

XWpltek is iargaptoarthe testataeptablervel decalet200axse8eas tBe secaddltion,
acceptable value (step SB3). In the step SB3, when it is determined that

ththesizsl appaeiiorigarivatietiexdéaedsoihgsetonthadeefiaiie ialtie; daahe
control apparatus 9 performs the cleaning operation on the scale member

subgdstiap DEdixel arthis fadoshsrsntfibe aant plap parains I pertialing bk the
cleaning operation on the upper surface of the scale member T2 using the
canneisiarC &R andembenldnfat ki NO4& a diagram illustrating an
operation example of the cleaning operation of the scale member T2. As
showrTihefcléatidl, dpeaimmser siclormiarehdthagant fenththdzéofthesforeign matter
space LS with the liquid LQ in an interval with the upper surface of the
olsealed Mmeibeéstddidhs gasaribedxabeltethinéirconttepagbraratus Shahn basis of the
obtain a position of the 5 foreign matter on the upper surface of the scale
demeetivhardidt (abe desrolder JysiarthE3XXMep&B2). InTideis thiat toathojuiddadtus 9
of the immersion space LS comes into contact with the foreign matter on
ddleemippewautiacerafdhths alei gnenalrer Wajdh és controdeppgddeatusxPosure exists.

In the step SB2, when it is determined that the size of the foreign matter is equal
to or less than the first acceptable value, that is, when the foreign matter which is not
acceptable in exposure is not detected, the control apparatus 9 performs a predetermined
process such as performing (restarting) the exposure sequence SA.

On the other hand, in the step SB2, when it is determined that the size of the
foreign matter exceeds the first acceptable value, the control apparatus 9 determines
whether or not the size of the foreign matter is larger than the first acceptable value and
exceeds the second acceptable value (step SB3).

In the step SB3, when it is determined that the size of the foreign matter exceeds
the second acceptable value, the control apparatus 9 performs the cleaning operation on
the scale member T2 (step SB4). In this embodiment, the control apparatus 9 performs

the cleaning operation on the upper surface of the scale member T2 using the immersion

member 11.
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moves the substrate stage 1 with respect to the immersion member 11,
and adjusts the positional relationship between the immersion member 11
(immersion space LS) and the 10 scale member T2 (substrate stage 1).
In this embodiment, in order that the liguid LQ of the immersion space LS
comes into contact with the foreign matter on the upper surface of the

scale MEINbeIsT2diwhen ihessulsy aicoptageoh i moyR B rSPaGE tperation

the immersion member 11, the control apparatus 9 lowers a maximum

ofalue gk an@tdirermovingsapeadbBIger! theidnissner sivmBrembesinlbrm the
and the substrate stage 1 at the time of the cleaning operation of the

ingaaleisnemre Rveampanaghwithghe axposurg eperationppéilersadesirate scale
P. That is, the control apparatus 9 lowers a maximum value of the moving

mépdet Tf thevsubstriied stage, hat dbaibme phthesclenini ogoper pieiioh tTahe
scale member T2 compared with a maximum value of the moving speed

foedirensatbstoatehstagieed satthe timacoidile expasure2l@lapaiatiobeoTha the XY
substrate P. For example, when the foreign matter exists in the

plag)-contadearea MEAqgihe oQnifehapparalisOspaliusts toenpositi®oahtact with
relationship between the immersion member 11 and the substrate stage 1

thinforelgh i aeenovieibeppee ignfatatidnhsuchlthat thieei QR @fttbeapparatus 9
immersion space LS comes into contact with the non-contact area NCA.
médes o btFale stdenthentihespan-comaich araai MGAeiated tispadedjosts the
the peripheral area of the upper surface 17 of the substrate stage 1 and
pdieiahal irimiisibip $pacech Shisifarmeedopmibe et ontacirsikaaspcA] $ieand the
liquid LQ has a possibility of overflowing from the substrate stage 1. By
sclowarénther Maxshsmavabterofl the moving speed of the substrate stage 1
at the time of the cleaning operation of the scale member T2, the overflow
of the ligtid kQtealinhm s upprassadt khaliqgitio h,pySHeiranirgs Bomaxica il
value of the moving speed of the substrate stage 1 with respect to the
camks @siarospace itiSthi éoligjgid b @ambresuypriesséd drofhesmalin ngnover T2,
the upper surface of the scale member T2 at the time of the cleaning
whgetitionbefriressgald mmenolved with respect to the immersion member 11, the
control apparatus 9 lowers a maximum value of a relative moving speed between the
immersion member 11 and the substrate stage 1 at the time of the cleaning operation of
the scale member T2 compared with the exposure operation of the substrate P. That is,
the control apparatus 9 lowers a maximum value of the moving speed of the substrate
stage 1 at the time of the cleaning operation of the scale member T2 compared with a
maximum value of the moving speed of the substrate stage 1 at the time of the exposure
operation of the substrate P. For example, when the foreign matter exists in the
non-contact area NCA, the control apparatus 9 adjusts the positional relationship between
the immersion member 11 and the substrate stage 1 in order to remove the foreign matter
such that the liquid LQ of the immersion space LS comes into contact with the

non-contact area NCA. As shown in FIG 13, when the non-contact area NCA is

disposed on the peripheral area of the upper surface 17 of the substrate stage 1 and the
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T2. In addition, by lowering a maximum value of the moving speed of the
substrate stage 1 with respect to the immersion space LS, the foreign
matter can be favorably 10 removed by the liquid LQ of the immersion
space LS. The control apparatus 9 performs the liquid recovery operation
using the recovery port 20 in parallel o the liquid supply operation using

inthRSuRPipRert.§ Isifoamstals wheaientkenminersianane mbeiqhid fRCesathe
area of the upper surface of the scale member T2 on which the foreign

povkabigit eyistsefhinrafeeothentRBseNssRRCe LB isldw dilled withxinguligividue of
LQ at the time of the cleaning operation of the scale member T2. The

thlighish i@ Jscgenetatechbytithe digpid sSupRétoResatRe dEinthihepstiRly POl
19 and the liquid recovery operation using the recovery port 20 so as to

sciivmsntbat thenfoseighlomaiteeiating Qnectiebuppppresstace of tadisoaley
member T2 can be separated from the upper surface of the scale

lomeataper mhxifhenforigroMmadtaisepaspted bmethesippers2@surdaeredpect to
the scale member T2 is recovered by the recovery port 20 together with

ththengeitbh pakie additherninhenthexioseigippredied Badfaplehiaktbe liguigper
LQ, the liquid LQ of the immersion space LS comes into contact with the

suiifeeleff didhealie tienhi§21OmD thehsaale: membekdidng@poaiibe clf dfpletdannember
be removed. Therefore, in this embodiment, the upper surface of the scale
TImembgidliZois, bleanediugingnthénmmetgierofa2benamber sheedrothise substrate
embodiment, the immersion member 11 serves as a cleaning 78
stapBkaiths-evpich oaha mavs ihesiore grs madtésrdigiadditioncdn biaisavorably
embodiment, the control apparatus 9 fluctuates or vibrates the substrate
regiagel D ysbaldquenhlog oilhe Wwitheespecptedhie liquid LQ of the immersion
space LS at the time of the cleaning operation of the scale member T2.
For ex@heplentiod dppamnticl appdcatustBedaquitlicicaterpoptraaientheing the
substrate stage 2 in the XY plane using the second drive system 5.

reddengfpre; fod cleaniled effeetlightieggdicopambvariEhgahebapphhpmedd.in a
Further, a vibration generating apparatus which can generate vibration

state where the immersion member 11 faces the area of the upper surface of the scale
member T2 on which the foreign matter exists. Therefore, the immersion space LS is
filled with the liquid LQ at the time of the cleaning operation of the scale member T2.
The liquid LQ is generated by the liquid supply operation using the supply port 19 and
the liquid recovery operation using the recovery port 20 so as to flow, so that the foreign
matter existing on the upper surface of the scale member T2 can be separated from the
upper surface of the scale member T2. The foreign matter separated from the upper
surface of the scale member T2 is recovered by the recovery port 20 together with the
liquid LQ. In addition, when the foreign matter is a droplet of the liquid LQ, the liquid
LQ of the immersion space LS comes into contact with the droplet of the liquid LQ on
the scale member T2, so that the droplet can be removed. Therefore, in this
embodiment, the upper surface of the scale member T2 is cleaned using the immersion

member 11. In this embodiment, the immersion member 11 serves as a cleaning
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(ultrasonic vibration) such as a piezoelectric element may be provided on
at least one of the substrate stage 2 and the immersion member 11, so
that at least one of the substrate 10 stage 2 and the immersion member
11 may be vibrated using the vibration7§enerating apparatus at the time
of the cleaning operation of the scale member T2. Therefore, since the

apiitub QU heursnersionsRch haws. the substrate stage 2 (scale
member T2) can be relatively vibrated, the cleaning effect of the scale

membRr Adi¢dn a8 teRkameREmtdtAfierclifroleppiigiepe fEieddes or vibrates the
completed, the control apparatus 9 performs a predetermined process

subdehtastpes Isg (iestestimg) thiehexpesitio seotaiae B oflhéiemsieRion space
SB3, when the size of the foreign matter exceeds the first acceptable

LYalugeitldoetiealitaugin fespctaaotioe ecend ansaptaliz vahde cihempy) e
apparatus 9 performs the control mode change of the substrate stage 1

cosiep HBaatadIThe chictiokimadechenpe wibkiesubsitatastagXy imaludesng
the head unit change which is used for the positional control (movement

thesstal) dfithessuosairate Flagefdrelnhthiscanminodifeents theastslfestiv®er T2 can be
stroke range for moving the substrate stage 1 in order to perform the
entposdire Bpeliat) anv ifrthieo s gbstratn Pappar scales2éaandddate vibration
respectively face the head units 47B and 47D (X head 49), and the Y
(uieadeni2biandicn) vespestivply,abléace: thlerheadnagiteprédvaled 4 @t (¥ast one of
head 48). The control apparatus 9 obtains the 79 positional information of
ththaisuthstratgestageadltire ihenéXiplane(axis, 36 axis aakdsDahedifebidondptrate
on the basis of at least three measurement values of the head units 47A,
stdofB®), ahd GhesimehdbsBdan tinardie tliveastiake benge wiibhelsldsitaienstagedting
In addition, the control apparatus 9 performs the positional control
appracvesmediconital) tietble stibgtvatedd etageht srikenchptaie (X Bkisefbre,
axis, and the OZ directions) on the basis of the positional information.
sifidedtleohiinaddp aradhisi tholeasige spihe hsSaghtbthe subsdaforsthge positinakmber
control (movement control) of the substrate stage 1 according to the
TDetecthonelatively vibrated, the cleaning effect of the scale member T2 can be

enhanced.

After the cleaning operation is completed, the control apparatus 9 performs a
predetermined process such as performing (restarting) the exposure sequence SA.

In the step SB3, when the size of the foreign matter exceeds the first acceptable
value and is equal to or less than the second acceptable value, the control apparatus 9
performs the control mode change of the substrate stage 1 (step SBS).

The control mode change of the substrate stage 1 includes the head unit change
which is used for the positional control (movement control) of the substrate stage 1. In
this embodiment, in an effective stroke range for moving the substrate stage 1 in order to
perform the exposure operation of the substrate P, the X scales 28 and 29 respectively
face the head units 47B and 47D (X head 49), and the Y scales 26 and 27 respectively

face the head units 47A and 47C (Y head 48). The control apparatus 9 obtains the
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information of the foreign matter. As an example, when foreign matter
exists on the upper surface of the X scale 10 28, the control apparatus 9
uses the measurement value of the head unit 47D which can face the X
scale 29 without using the measurem%t value of the head unit 47B which
can face the X scale 28. For example, in a state where the positional

pdANbERl o fhiensHBRERIB . SRge ddshesformeast IR the aftectiveisiroks kaRge 67
on the basis of the measurement values of the head units 47B, 47A, and

dif’e%@e)ﬂ%‘%_ﬁ the FNRIgN NRHUET 5 U SRORGEL AR AP G MRREST %ﬁe%iﬁ%f?i m2<47B,
scale 28 in the measurement area of the X head 49 of the head unit 47B,

4108 £V APRRY BHL HENAVRE S e CAMHOLMOERIQEBAIEN e addition, the

measurement values to be used for the positional control of the substrate

cONREPap PRI ISP SRS MAIHS! QR (RSB eBAHINLA (R BB ate

measurement value output from the head unit 47D immediately before the

st4QEEIAR hater Eﬂé@ﬁ%@ﬂs@? the MEATHEIREREURhs | DR RIOSsi20F e

control apparatus 9 obtains the positional information of the substrate

podidfiat HHrdRation PlaR.(CH A é;%iﬁué‘@ LRI BRIROR QHINGORRS (e

the measurement values output from the head units 47D, 47A, and 47C.

po}ﬁ%ﬁé’l%%'ﬁ%‘i’%@;%&P@Gh%mff@hé%%yﬂ%%)sm eﬂoééUQHﬁhg%‘% detection

movement control) of the substrate stage 1 in the XY plane (X axis, Y

infiSmABA thgifgg{[gﬂﬂeg&{he basis of the positional information. 80 In

addition, for example, when the foreign matter exists on the upper surface

of the X sgals 28, he,3RAElAPRAAIS & RANGNARYS tPEsePAObMAIK SRale

as to use the measurement values output from the head units 47D, 47A,

26 AEiOr sPRSIENAL eROHRLAI IR RSHRIE HRAR AN HIS ATSEHNA can

stroke range, and so as not to use the 5 measurement value output from

fatIGHIERA LAY Bico RAAHR NG CROFAM PR RNENGE ALIASSYETEARich can

stage 1 includes the head unit change which is used for the positional

faCOREOk (RRQierRenEeRPRIARAE e SURRIAR SIROB L BBIRN RSP IV AL Mstrate

heads disposed on one head unit. The control apparatus 9
stage 1 is performed in the effective stroke range on the basis of the measurement values

of the head units 47B, 47A, and 47C, when the foreign matter is disposed on the upper
surface of the X scale 28 in the measurement area of the X head 49 of the head unit 47B,
the control apparatus 9 changes the control mode to switch the measurement values to be
used for the positional control of the substrate stage 1 from the measurement value output
from the head unit 47B to the measurement value output from the head unit 47D
immediately before the foreign matter is disposed on the measurement area. Therefore,
the control apparatus 9 obtains the positional information of the substrate stage 1 in the
XY plane (X axis, Y axis, and 0Z directions) on the basis of the measurement values
output from the head units 47D, 47A, and 47C. The control apparatus 9 can perform
(continue) the positional control (movement control) of the substrate stage 1 in the XY

plane (X axis, Y axis, and 6Z directions) on the basis of the positional information.
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changes the head to be used for the positional control of the substrate
stage 1 among the 10 plurality of heads disposed on one head unit. As an
example, in a state where the X scale 28 is measured by the plurality of
the X heads 49 of the head unit 47B irgg rder to measure the positional
information of the substrate stage 1, when the foreign matter exists on the

upper BUstREE, o€ ok Saple, AhethBcRbighappasAliss® ehangapphesface of
head 49 for measuring the X scale 28. For 15 example, among the

thp/Mraditle ofstheechaasisfParina Staia vhake the pasidonaldonirgl futbehe
substrate stage 1 is performed in the effective stroke range on the basis of

mbasurtaasvenmebipludrohtheefitsiduhnead A9, vheniibel fareignhngiistiisal
disposed on the upper surface of the X scale 28 in the measurement area

copkibleofitgt XubeastetQathel noiciRppamitcll ehanrgesdhe sonstabradde
so as to switch the measurement value to 20 be used for the positional

megifahehthalcebatpaiesiag@d Headnuttie4nBasurement value output from
the first X head 49 to the measurement value output from the second X

head HPadtheoihdr twmbicstnoteabhd e siaadiatatydneiargethensteignthe head
matter is disposed on the measurement area. Therefore, the control
urpgianate svioh iinsethi posiposaldnid oaaticn nod e sliksiiatd)siage Subdtrate
the basis of the measurement value output from the second X 25 head
std& TTheeanihel mppditgtus R eandppidesdioicontinus) the poSitio oaheonipplaratus 9
81 (movement control) of the substrate stage 1 on the basis of the
chaagiiahaheddnm at esedrf@dditiposithe dantialonadachasgatokthe: 1 among the
substrate stage 1 includes the measurement information change to be
pluséiyfor thradatitjerad coninel {eadueiinent control) of the substrate stage
1 from the encoder system 14 to the interferometer system 5 12. The
controAappareduspR.dhanges theemehsemén ¥ aduedslnedisgchtoplinelity of
positional control of the substrate stage 1 from the measurement value
thepeatrodd tfeheheadenisysiBnm bider thenmaease theneni twalakiofutpoitivonof the
the interferometer system 12. As an example, in a state where the scale
subneroerap? is wieastketbizyginenatter exists on the upper surface of the X scale 28,

the control apparatus 9 changes the X head 49 for measuring the X scale 28. For
example, among the plurality of the X heads 49, in a state where the positional control of
the substrate stage 1 is performed in the effective stroke range on the basis of the
measurement value of the first X head 49, when the foreign matter is disposed on the
upper surface of the X scale 28 in the measurement area of the first X head 49, the
control apparatus 9 changes the control mode so as to switch the measurement value to
be used for the positional control of the substrate stage 1 from the measurement value
output from the first X head 49 to the measurement value output from the second X head
49 other than the first X head 49 immediately before the foreign matter is disposed on the
measurement area. Therefore, the control apparatus 9 obtains the positional information
of the substrate stage 1 on the basis of the measurement value output from the second X

head 49. The control apparatus 9 can perform (continue) the positional control
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encoder system 14 in order to measure the positional information of the
substrate stage 1, 10 when the foreign matter exists on the upper surface
of the X scale 28, the control apparatus 9 instantaneously switches the
measurement value to be used for the8 ositional control of the substrate
stage 1 in the X axis direction from the measurement value output from

(nibecansndonsybiomukls (deask ik £/ B)iarb e 1¥ie as ke heviti vadlenedrifbition.
from the interferometer system 12 (laser interferometer 36). For example,

in a stateadiesa, e ¢onpositdaleaniobetibeusubateia siadedutcthdeX
axis direction is performed in the effective stroke range on the basis of

miasuneaasiiaroanhiaiichoh b edragk e fof 82, pubivnth e dareip v adiacis
disposed on the upper surface of the X scale 28 in the measurement area

cokibig brand it datB (X goaaiiodd hthencodiralyappalatus techasngas ifiger system
control mode so as to switch the measurement value to be used for the

1 positienalmantippofine 2 0mumpsiraie mtagerdnicanvthgemeasused@ntivalue
output from the head unit 47B to the measurement value output from the

pdeis@hintasferonetae Sobdrdizistegpotivnemt theasatipiehcoalichnaips atdhethe
interferometer system 12 are corrected so as to be continuous to the

eneutieuts gaendinatestef e winaader watesutpdtifftnediatatyiaiare g ystem 12.
switching. Therefore, the control apparatus 9 obtains the positional
informasen et ihekybstratere stagthd sedardingbthea X iaxie nitieHyabis
of the measurement value output from the 82 interferometer system 12

endader ipterienchietaddti Teasaonthel @ppdrailmSocantperidithe (botinsyage 1,
the positional control (movement control) of the substrate stage 1 on the

whasibe dbibigpasitionatiniosmaiampthenfibe dahtr o sppatfusOcontrol
performs (restarts) the exposure sequence SA on 5 the basis of the

apphanged toninoineaddy bwitbiers terendhadetectiaiuaiorheaiied Hifrttie positional
foreign matter has been described using the example of the size of the

coiotreigst thaktebshatkthiagdelaatibe X foimditioniof themfdie igieanati@e inclaidge Hutput
the amount information of the foreign matter, the occupation area

from the encoder system 14 (head unit 47B) to the measurement value output from the

interferometer system 12 (laser interferometer 36). For example, in a state where the
positional control of the substrate stage 1 in the X axis direction is performed in the
effective stroke range on the basis of the measurement value of the head unit 48B, when
the foreign matter is disposed on the upper surface of the X scale 28 in the measurement
area of the head unit 47B (X head 49), the control apparatus 9 changes the control mode
so as to switch the measurement value to be used for the positional control of the
substrate stage 1 from the measurement value output from the head unit 47B to the
measurement value output from the laser interferometer 36. In this embodiment, the
output coordinates of the interferometer system 12 are corrected so as to be continuous to
the output coordinates of the encoder system 14 immediately before the switching.
Therefore, the control apparatus 9 obtains the positional information of the substrate

stage 1 regarding the X axis on the basis of the measurement value output from the
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information of the foreign matter per unit area, and the like. For example,

when the 10 amount of foreign matter to be detected by the detection

system 13 exceeds a predetermined acceptable value, the control

apparatus 9 can perform the cleaning gperation. In addition, when the

occupation area of the foreign matter per unit area exceeds a
inpiaRiasRINgdascepiabla yakiteibiaconts)| apnrratusd apppatdogedhgerform

cleaning operation. 15 Further, here, the foreign matter on the upper

(cehtfiags Bdhesscatalnemmidbemaviemeatesittbl pottHie glsaningtoperasiothisbasis
performed using the immersion member 11. However, the cleaning

ofapepitoaan b peifrimed on the first plate Ti according to the detection
result of the detection system 13. As described above, according to this

embodi@nththeforeigppnatieropeiie0 uppensutaegpdstiie seplénce SA on
member T2 can be detected using the detection system 13. In addition,

thataerditghe dhis gsbodiroemodince the size of the foreign matter can be
detected using the detection system 13, the treatment of the foreign

matterftaméakerenaasiers wacaitbngdooihefstzefdieiaoin o éxamyle described
when it is determined that the size of the foreign matter is acceptable in

ustxp aseaaiptbeasisiad diehddteetionniasal] bitke AbtelaiontiofosystiRim of the
13, even though the cleaning operation is omitted, the positional control

foB3 g imanemiaoicizs tiod)aeasu bei ifvenatibyh pd ot feec onihequbisti@ieuptagn area
1. In other words, without carrying out the unnecessary cleaning

infperadion ptheefosilionalcentpet ohithe:subsirdielftage Focaxahefavehahlyhe

performed. Therefore, it is possible to suppress the throughput of the
arepasifi spiparabus X o daeorethbyehwidbtthawiagning dpesatiods o In

addition, when the size of the foreign matter is an unacceptable size in
predg@esuiedduicispiatd ccestad) thxteniteob apphisize fecsivpeeuml fice@ldess g

than the first acceptable value), the control mode change of the substrate
ostageril isleaididdwoLwhenathsidecapaioafaidiee dbndigforaigitarariihpertunit area

performing the cleaning operation. Therefore, the positional control of
exceeds a predetermined acceptable value, the control apparatus 9 can perform the
cleaning operation.

Further, here, the foreign matter on the upper surface of the scale member T2 is
detected, and the cleaning operation is performed using the immersion member 11.
However, the cleaning operation can be performed on the first plate T1 according to the
detection result of the detection system 13.

As described above, according to this embodiment, the foreign matter on the
upper surface of the scale member T2 can be detected using the detection system 13. In
addition, according to this embodiment, since the size of the foreign matter can be
detected using the detection system 13, the treatment of the foreign matter can take
measures according to the size thereof. For example, when it is determined that the size

of the foreign matter is acceptable in exposure on the basis of the detection result of the

detection system 13, even though the cleaning operation is omitted, the positional control
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the substrate stage 1 using the scale member T2 and the positional
control (movement 10 control) of the substrate stage 1 can be performed.
In addition, when the size of the foreign matter is large, the cleaning
operation is performed, so that the forgi)gn matter is removed, and then
the position measurement and positional control of the substrate stage 1

(nfarehedeveiably periermesabhepefasanacoardioguissthic smodimentHee
position measurement of the substrate stage 1 and the positional control

woidd)avstdstraer-piageul tHOwemadeespErtasmetki o Siada, wiepedifieifeshtrol of
of the foreign matter is suppressed. Therefore, it is possible to suppress

thihaislegradaiionligdnesiousmenppadanndnceeiihacsithsisaisisiagestppress
Therefore, exposure error can be suppressed from occurring, and device

theebegipbecsuppeapsedrfroppaeaisriNginl AcRdeltion: attoldingeidiiiSoperation.
embodiment, since the positional information of 20 the substrate stage 1

Inindiigiofy whanalis sneaguteddyiherencadehsysiarephvidigheiasx@oodte but is
short-term stability regarding the measurement value, the measurement

tocaceheinpsitarneshwlitbinigh decuiacy whitddbateffiattafraintvgumtionadkie), the
being suppressed. <Second Embodiment> Next, the second embodiment

conitobendéscribegt b thesdbsehiptivapbealdinatiiie d2msanoensidegitivalenthe foreign

components as those in the above-mentioned first embodiment are 84
mal@sigridied pytioensiam eheafetaince spenerals, ddidferd ederiptidiotigeniirol of
will be simplified or omitted. FIGS. 15A and 15B are diagrams illustrating
tharubxampleatthadperationatf inanbaersiahthegrodigodd acoost idgot@ment
the second embodiment. This embodiment is 5 characterized in that the
canuroBrsiohespasadiSstaged farmedpatfiventithe &f thielicleanwignaperationfahe
the scale member T2 is enlarged more than the immersion space LS to be
foteignadateihie linge, ohéhdeanpsoperafparatiparfifrthedssd divatid dPfokrd{grilmAtter is
is a diagram illustrating an example of the immersion space LS which
removed, and then the position measurement and positional control of the substrate stage
1 can be favorably performed. Therefore, according to this embodiment, the position
measurement of the substrate stage 1 and the positional control of the substrate stage 1
can be performed in a state where the effect of the foreign matter is suppressed.
Therefore, it is possible to suppress the degradation in the movement performance of the
substrate stage 1. Therefore, exposure error can be suppressed from occurring, and
device error can be suppressed from occurring.

In addition, according to this embodiment, since the positional information of
the substrate stage 1 in the XY plane is measured by the encoder system 14 which has
good short-term stability regarding the measurement value, the measurement can be
performed with high accuracy while the effect of air fluctuation is being suppressed.

<Second Embodiment>

Next, the second embodiment will be described. In the description below, the

same or equivalent components as those in the above-mentioned first embodiment are
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is formed at the time of the exposure operation of the substrate P. FIG

15B is a diagram 10 illustrating an example of the immersion space LS

which is formed at the time of the cleaning operation of the scale member

T2. As shown in FIG 15B, the immers'g) space LS of the immersion

member 11 is enlarged compared with the immersion space LS formed at
ddhigntiag ©¥ the exposite-apemtine af thedstbsisata ficantdhRoRNEDe simplified

surface of the scale member T2 is subjected to the cleaning operation.
or agitreunersion space LS 15 of the immersion member 11 is enlarged

such that the liquid LQ of the immersion space LS comes into contact

with thelEseigamadtes Bafheiuwpasissudaciaf theesaalplenaespdtibhef the
control apparatus 9 adjusts at least one of the liquid supply operation

imiabigidhensupptyl padcdbRianRd shadispdcheenpvetimgarationi dsingoditent is
recovery port 20 such that the size of the immersion space LS in the XY

chalapehechimastarganahéhadingpaot the LBbelraniag apecatian ¢f trecsealhg
member T2 compared with at the time of the exposure operation of the

ohsdiate e Foalexamible; Te exlansio mofdleaimmnecisiasrspacpddd LS to be
includes the increase in liquid supply amount per unit time using the

fosupp |yt Ptk AdthlescpihecaleveasdheflifuichbsypalyRpparatus 21 can
adjust the liquid supply amount per unit time to be 25 supplied to the

supplyHpGrtl 28 usingj dpehiciliick stappdyaaracanp Ry st ghrapgaiaiupadh B SWhich

control apparatus 9 controls the liquid supply amount adjusting apparatus
is toinekeasthe¢hand giithsupphpramopuhper ohihéividiodie Buppl@d fBthe diagram

supply port 19 at the time of the cleaning operation of the scale member
ill&radmpared aniffidioé diguidaeppiy spacthSpehidinit tion@dad dratsughpkad the

the supply port 19 at the time of the exposure operation of the 5 substrate
cl&anTiieoptosnepthef chatiallappanatu 9. can sytlavgei thEl(nh3@ sibhv ispaesion

LS. In addition, the expansion of the immersion space LS includes the
spdecilchsé tire liquiersecomenitambluit géargad congasih gy ithetlie cometysjporspace

20. As described above, the liquid recovery apparatus 24 can adjust the
LSidjotchedcovketiamotintqerpasitrtimgetatioa of the substrate P, and the upper surface
of the scale member T2 is subjected to the cleaning operation. The immersion space LS
of the immersion member 11 is enlarged such that the liquid LQ of the immersion space
LS comes into contact with the foreign matter on the upper surface of the scale member
T2. The control apparatus 9 adjusts at least one of the liquid supply operation using the
supply port 19 and the liquid recovery operation using the recovery port 20 such that the
size of the immersion space LS in the XY plane becomes larger at the time of the
cleaning operation of the scale member T2 compared with at the time of the exposure
operation of the substrate P.

For example, the expansion of the immersion space LS includes the increase in

liquid supply amount per unit time using the supply port 19. As described above, the

liquid supply apparatus 21 can adjust the liquid supply amount per unit time to be

supplied to the supply port 19 using the liquid supply amount adjusting apparatus. The
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recovered by the recovery port 20 using the liquid recovery amount
adjusting apparatus. 10 The control apparatus 9 controls the liquid
recovery amount adjusting apparatus to decrease the liquid recovery
amount per unit time to be recovered §¥ the recovery port 20 at the time
of the cleaning operation of the scale member T2 compared with the liquid

coRESVaIyaanBUNE RRFJINhEMEUIA bepiggavaset Byjthaneappentipor g @bse the
the time of the exposure operation of the substrate P. Therefore, the

liqaotsebplRnanatius Pecanierlacge teesubdligtme tmiosuppRCEokS.IBY the time of the

expanding the immersion space LS, the foreign matter can be favorably
cleemeyegdiranihe sebstantialhientre aepattheitpper runiacepblyehibent per
substrate stage 1 including the peripheral area of the upper surface 17

ur(idpiper sustaaspphiddestrlsupsinper T2)ahthensuibsthatexpia@eclogetition of the
example, even when the foreign matter exists in the 20 peripheral area of

sulhieratprer sthéacrt/ thiepioatsltiane of vecasalel mendeintmyefdhepace LS.
substrate stage 1, the immersion space LS is enlarged and the liquid LQ

and thi fateigon naiiepaas cootalistoneastach witltebshmindesnhieldbeease in
leakage of the liquid LQ is suppressed. Therefore, the foreign matter can
lidigd exoovas. dnutine henuiie e vermnaht caad ¢irgpandeecamddescribed above,
embodiments, description has 25 been made using an example that the
the pp@idstedacerphiiparaaal@ mambdjiudizHplageidGeduempemduis setjateche to be
to the cleaning operation using the immersion space LS of the liquid LQ
reudviele dsbiptheaddoy dheponmersibngrienmigeiditcbie@nevean il thiguime: abpaeatus.
cleaning operation of the scale member T2, the immersion space LS may
Thixechiee M athiedig wich (edésathio t digjdichcosioh ds difife teljit Stoim dpyeatigquicto
LQ to be used in the 5 immersion exposure. For example, the cleaning
ddigenskishsujaplie deby e auppiyt pertub®, tandtthiesiracneestdrbgpaceciovery port 20
formed by the cleaning liquid between the immersion member 11 and the
atshalénmemntherclénsatbpd thins edlthenenmberchibeaiiZbeoalpareddy s theeliquid
cleaning liquid, for example, hydrogen water (hydrogen dissolved water)
recovery amount per unit time to be recovered by the recovery port 20 at the time of the

exposure operation of the substrate P. Therefore, the control apparatus 9 can enlarge the
immersion space LS.

By expanding the immersion space LS, the foreign matter can be favorably
removed from the substantially entire area of the upper surface 17 of the substrate stage 1
including the peripheral area of the upper surface 17 (upper surface of the scale member
T?2) of the substrate stage 1. For example, even when the foreign matter exists in the
peripheral area of the upper surface 17 (upper surface of the scale member T2) of the
substrate stage 1, the immersion space LS is enlarged and the liquid LQ and the foreign
matter can come into contact with each other while the leakage of the liquid LQ is
suppressed. Therefore, the foreign matter can be removed.

Further, in the above-mentioned first and second embodiments, description has

been made using an example that the upper surface of the scale member T2 (plate
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may be employed in which hydrogen gas is dissolved in water. In addition,
as the 10 cleaning liquid, ozone water (ozone dissolved water) in which
ozone gas is dissolved in water, nitrogen water (nitrogen dissolved water)
in which nitrogen gas is dissolved in gter, argon water (argon dissolved
water) in which argon gas is dissolved in water, carbon dioxide water

mésasboM) dioxiBR disba) (Rl dalgndRpehiadcasheneigkde gasispaissvsithe
in water, or the like may be employed for controlling water in which 15

liquedeteimiokdsgamisdissolyeshnieraidditiomBas] supersaiatiantMedaic of the
may be employed in which gas is dissolved in water at a solubility equal

cléaroh gmsp@ thah hrahdkrder atnbspielithpiassdrsiolnspaeition nas thefilled with
cleaning liquid, hydrogen peroxide water in which hydrogen peroxide is
thadideditewaiile tlaladneadaedddéamintiviiahe ¢hjoidnehypealial dnishe
acid) is added to water, ammonia water in which ammonia is 20 added to
inwadslioahalasunate Fir whistpehalineléaraadedioiwateppsiciaietddeagdply port 19,
water in which sulfuric acid is added to water, or the like may be
an@intid apedk kioadghtianisasrined oleaing:lingd ligioateisuch @s alaifeasioh
and methanol, ether, gamma butyrolactone, thinner, surfactant,

mbnbkinatechd oheesthbuaikabdr FE, wr tthe ficsscakyaerdmpioyecd bactbgatedn
the above-mentioned first and second embodiments, unlike the 25

exposuretkeqleante Shuid dedicategischydogen(fonaig (hyatigspdosebaidgvater)
sequence) SB 87 for the foreign matter process is provided. The control

mayparatipsdahin pdifcimydhe gdetectionioparaidan oftbe faieigidimaiier, foy
example, in the exposure sequence SA. For example, when a plurality of
cléarisgbsjiiaieszBnare sequeniialiissubjedied ¢e) ihewkixhasuie: @aeiatipthed in
detection operation of the foreign matter can be performed using 5 the
waletenitorpsy steter 18ifarceadisioletdalpetipoh oflevie nitexghagga odikselved in
substrate Pin the substrate stage 1, that is, each time one sheet of the
watighstradd R dss(higotelistolife wxosinrebivhration. dims additianiy¢dertiming,
of the detection operation of the foreign matter is not limited to each time
caomensheeidofwhe s(dasivateliexgls ulyedted todlee) éxpdsuhnecarbon dioxide gas is
dissolved in water, or the like may be employed for controlling water in which
predetermined gas is dissolved. In addition, gas supersaturation water may be
employed in which gas is dissolved in water at a solubility equal to or more that that
under atmospheric pressure. In addition, as the cleaning liquid, hydrogen peroxide
water in which hydrogen peroxide is added to water, chlorine-added water in which
chlorine (hypochlorous acid) is added to water, ammonia water in which ammonia is
added to water, choline water in which choline is added to water, sulfate-added water in
which sulfuric acid is added to water, or the like may be employed. In addition, as the
cleaning liquid, alcohol such as alethanol and methanol, ether, gamma butyrolactone,
thinner, surfactant, fluorinated solvent such as HFE, or the like may be employed.

Further, in the above-mentioned first and second embodiments, unlike the

exposure sequence SA, a dedicated sequence (foreign matter processing sequence) SB
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operation. The detection operation may be performed at each
predetermined time 10 interval, such as each time a predetermined
number of the substrates P are subjected to the exposure operation, or
each time a predetermined time Iapseg In addition, in each embodiment
described above, the upper surface o t.{1e scale member T2 passes

fothfRUDRIRE ARtestiRoREasAOidhe dateetionttisippard@ydemtpeform the
substrate stage 1 is moved from the first substrate exchange position CP1

ddedheneiostica dbthesHietnakd YoheRdnplsUbsiiatexpiage: kdgedes SA.
from the exposure position EP to the second substrate exchange position

F&zRRantplerefaes, dheudaiectpmepeabationrop the séoirigiamatityjaicde the
upper surface of the scale member T2 can be performed in the middle of
expeNIRgoie 1S tiatdatagenloporadelitionhinfeas prembediras dedrstithed using
above, when the substrate P held on 20 the substrate stage 1 is disposed
theddhepeesian MBaaRRchfitiaarojesbdrooplies! csybiame BE thdiahdg e in
illumination area of the exposure light EL, the positional relationship

thbetiveendhe g ajedion opiibaisysiaas e astdibeutstect on systarrdBeisthe
determined such that at least a part of the scale member T2 is disposed
expodine dpteqiion aheaddkioh thie deteotion tysieltild dpatefonethe foreign
control apparatus 9 can perform the 25 detection operation of the foreign
mat@itey on theivdpereadifaae ohthéhsaalé tiesubaral B8 subjagiédeo the exposure
detection system 13 in parallel to at least the exposure operation of the
omulsdiate ThHe ketbisicaspeintivarallsl be thefexpasure hgradererihided time
detection operation of the foreign matter may not be carried out on the
inenting suwhcecafinmscaladderrhendPniinbeisfithpanalehtestharexpoiidted to
operation, the detection operation of the foreign matter 5 is carried out on
tha paréwirthepscaienmeraidr (hide anddiecdet@etiaimepepation of the foreign
matter on the remaining portion of the scale member T2 may be carried
out in lnpddatbof itiraeotherddhian th € @xpbsd e ope rdikarpjritkerxpaguhe scale
sequence, or in a period of time in the above-mentioned foreign matter
mpndeesEingsequenogh the detection area AF of the detection system 13 when the

substrate stage 1 is moved from the first substrate exchange position CP1 to the exposure
position EP and when the substrate stage 1 moves from the exposure position EP to the
second substrate exchange position CP2. Therefore, the detection operation of the
foreign matter on the upper surface of the scale member T2 can be performed in the
middle of moving the substrate stage 1.

In addition, in each embodiment described above, when the substrate P held on
the substrate stage 1 is disposed on the projection area PR of the projection optical
system PL which is the illumination area of the exposure light EL, the positional
relationship between the projection optical system PL and the detection system 13 is
determined such that at least a part of the scale member T2 is disposed on the detection
area AF of the detection system 13. Therefore, the control apparatus 9 can perform the

detection operation of the foreign matter on the upper surface of the scale member T2
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In addition, in each embodiment described above, when the substrate P
held on 10 the substrate stage 1 is disposed on the detection area of the
alignment system 15, the positional relationship between the alignment
system 15 and the detection system 13,is determined such that at least a
part of the scale member T2 is disposed on the detection area AF of the

ustigient datsystansyt@nl herafpsealtbiecanicat eppfgiosu Rk Gperpesto Nl ubstrate
detection operation of the foreign matter on the upper surface of the scale

P.memBgeyr chée L paing dhe detesiiosusy sigifidsnintpadalietiontbpeeatestidiihe
operation of the alignment marks of the substrate P. The detection

foefiehatianephtng fioraigaanaiiasnnintapnie surfacedlithestalmempemer
T2 (plate member T) can be performed in the exposure sequence SA

ThaclydingathiteexparieroperatperaidhetssibstisatePoperthisicasthethereign matter
detection operation of the 20 foreign matter may be carried out on the

is entitedsoufageaqfih o Serlecale mbeibE2TD, ane thpesatitivppriad)odf dhehe foreign
exposure sequence SA, and the detection operation of the foreign matter

mhtRy hethamdathiviiopoiieeofitReitiRoahHee FZatayeroheicd 2un ithe period of
other periods (operation) of the exposure sequence SA. Furthermore, the
tirdetebtio thappdadipoalrtheptosaign Makexpaybe caitind, outing feei@nhtfeime in
surface of the scale 25 member T2 in a part of the exposure sequence SA
thantddhe iabavessdeivicigeddaitetgni8ssingtieypeacessing sequence. In
addition, the detection operation of the foreign matter is performed in the
middldohddjriedsiie sauhechbpditationdesiate dhbd @xqposie thpemdiaatoPtheld on
substrate P, in which the moving operation of the substrate stage 1 from
ththaifissheuhspale edtipangbdn gasidiost Ginlateatbetexptigunecposyi@mBmB, the
and the detecting operation of the alignment of the substrate P are
pasiciontedeMftverHipebtaveign theedtems elaterteohin Thisddatedtiontiopeysitan] 3 is
the control apparatus 9 cleans the upper surface of the scale member T2
detisimindisunhniensio heasemiet dflthandadkencoare sl tithiisprpabonghe detection
operation of the substrate P
area AF of the detection system 13. Therefore, the control apparatus 9 can perform the

detection operation of the foreign matter on the upper surface of the scale member T2
using the detection system 13 in parallel to the detection operation of the alignment
marks of the substrate P.

The detection operation of the foreign matter on the upper surface of the scale
member T2 (plate member T) can be performed in the exposure sequence SA including
the exposure operation of the substrate P. In this case, the detection operation of the
foreign matter may be carried out on the entire surface of the scale member T2 in one
operation (period) of the exposure sequence SA, and the detection operation of the
foreign matter may be carried out on the entire surface of the scale member T2 in the
other periods (operation) of the exposure sequence SA. Furthermore, the detection
operation of the foreign matter may be carried out on the entire surface of the scale

member T2 in a part of the exposure sequence SA and the above-mentioned foreign
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held on the substrate stage 1. In addition, the control apparatus 9 can
change the control 10 mode of the substrate stage 1 before the exposure
operation of the substrate P. In addition, for example, when the detection
operation of the foreign matter is perfgémed in the middle of the exposure
operation of the substrate P and the foreign matter is detected by the

megéeplicreaperatigieibe control apparatus 9 completes the exposure on
all of the shot areas on the substrate P. Before the substrate stage 1

holdingh el dheoaxpresedesubitopte A da brauedorithesacand setpsinaia in the
exchange position CP2, the control apparatus 9 can clean the upper

midiface oOp b cealheaesphar 2 besorg fieetprnatsigrmembeticlsUbstrate P, in
addition, for example, when the detection operation of the foreign matter is

wheHongedimhepaiidiie of theaspesierapreratian okthiessulsiiate & anthge
the foreign 20 matter is detected by the detection operation, the control

pRRpAT @RS B cnpletesthm sxpafPenpaiatiorampdeiaonivetshdgnment of
areas and suspends the exposure operation of the substrate P. The

thegubatappanatuscRidan paviemiisgcidgningapasatiteced thehidpleesction
surface of the scale member T2 using the immersion member 11, and

ophardesiiat cdhe @ xppatie Operationianiiereorticing ghoicateasedbelT2 using
addition, for example, when the detection operation of the foreign matter is
th® Ompesifaum ek mbidrel migitletehtbemexpo s e qreatiopoitioa stitisiraiesttate P
and the foreign matter is detected by the detection operation, the control
hedgb parditisuBstaiecliatge thin sdditioh ndadeoafrtiieguistiate gtagkahgn thecontrol
middle of the exposure operation of the substrate P. 5 In addition, for
medaotle; thesdatestige O pefatiorthotiipedareigematiestishpartermedin the
middle of a predetermined operation after the exposure operation of the
substrated®litidicloinoclacigsawherithg dpetaiiaropéititéosulistratersiggenitter is
from the exposure position EP to the second substrate exchange position
pe@iBAn &l e chthe ifdd ki @ifi thatbgrasure operation of the substrate P and the foreign
matter is detected by the detection operation, the control apparatus 9 completes the
exposure on all of the shot areas on the substrate P. Before the substrate stage 1 holding
the exposed substrate P is moved to the second substrate exchange position CP2, the
control apparatus 9 can clean the upper surface of the scale member T2 using the
immersion member 11.

In addition, for example, when the detection operation of the foreign matter is
performed in the middle of the exposure operation of the substrate P and the foreign
matter is detected by the detection operation, the control apparatus 9 completes the
exposure operation on predetermined shot areas and suspends the exposure operation of
the substrate P. The control apparatus 9 can perform the cleaning operation on the
upper surface of the scale member T2 using the immersion member 11, and then restart

the exposure operation on the remaining shot areas.

In addition, for example, when the detection operation of the foreign matter is
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detected by the detection operation, the control apparatus 9 can unload
the substrate P 10 after the upper surface of the scale member T2 is
cleaned using the immersion member it. In addition, when the foreign
matter is detected by the detection opts{)ation of the foreign matter after
the exposure operation of the substrate P, the control apparatus 9

pefiaaes ihehexpiagedosuhs tape firanskthesnemmneiontb e cleativgoreign
operation on the 15 upper surface of the scale member T2 using the

mieney siendramhaicldsthen dperacleaningcopesatippeithe uapehshstage
of the scale member T2 is performed after the exposed substrate P is

conpleasiede amawssbbstiata (g expased)iRimay the hgldsarctbeeratibstvaite
holding apparatus 1H, or a dummy substrate may be held thereon, or no

subghsteate may be held thereon. 20 In addition, the control apparatus 9 is
connected to an input apparatus through which an operation signal can

be inpit kddh&aonirekappasadus Ridcbibexpaiptendiehe asrdpeiatokinputs
an operation signal by the input apparatus, the foreign matter processing

pesaguRca thayneipesfarmedetketiiied dpeexamplerthe upobarpgrattion of the
includes a keyboard, a touch panel, an operation button, and the like. 25
sulsk@atdiPpwhioh axandples wibein thepépagignonaidsupsoarssing Iefoanae éposure
91 performed many times at a predetermined interval, the detection
popsraitntetibedasaiubnaiie eis pergoposid on GPRSt Waanahdkiertigpenatter is
surface of the scale member T2 in the nth foreign matter processing
deseqee bgahd BeiEheon inptrationt: thclared nppatiengd eaassingdsbgyebaeate P
the detection operation of the foreign matter may be performed on a
afsgchadiparearfandioé thppeslsuntanbed{Tih és stalacd eshiietht 2minasidit ammber
in each embodiment described above, the foreign matter on the upper
l1surface 18 of the measurement stage 2 can be detected using the
detection system 13. In addition, the cleaning operation can be performed
on thelupdéditeurfaterltheofdheggn matter is detected by the detection operation of the
foreign matter after the exposure operation of the substrate P, the control apparatus 9
unloads the exposed substrate P, and then can perform the cleaning operation on the
upper surface of the scale member T2 using the immersion member 11. When the
cleaning operation of the upper surface of the scale member T2 is performed after the
exposed substrate P is unloaded, a new substrate (unexposed) P may be held on the
substrate holding apparatus 1H, or a dummy substrate may be held thereon, or no
substrate may be held thereon.

In addition, the control apparatus 9 is connected to an input apparatus through
which an operation signal can be input to the control apparatus 9. For example, when
an operator inputs an operation signal by the input apparatus, the foreign matter
processing sequence may be performed. Further, for example, the input apparatus

includes a keyboard, a touch panel, an operation button, and the like.

In addition, for example, when the foreign matter processing sequence is
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measurement system 2 on the basis of the detection result of the
detection system 13. 10 The foreign matter on the upper surface of the
measurement stage 2 is detected and the cleaning operation is
performed on the basis of the detectio&lresult, so that the measurement
operation using the measurement stage 2 can be performed with good

peafsiniad yn 4R ypaaidion, ipedstearkatimenuiese doediaoygsrth Aseign foreign
matter on the 15 upper surface of the reference member 44 including the

migterBNeeforaiddcn 4 cast b adetetiat psingrine: dgteetienlsystaibel3 Jin the nth
addition, the cleaning operation of the reference member 44 can be

fopappimedraidba diagiscqhéhecdsmectiDierg stihef(tha )detetion By atePrddessing
The foreign matter on the upper surface of the reference member 44 is

sedatacte thand tod @leqnring apef aiioroizipe Minimeethan tbeaasimed thea second
detection result, 20 so that the measurement operation using the

artafenahcappembehdddnbetherdiustipant2operation of the alignment
system 15 can be favorably performed. Further, in each embodiment

describeadaixine, it caaly hetediigurddsstbbdhabtiee ttrofirebappatatvs the
measures the positional information of the substrate stage 1 in the XY

uppanaitfated ef encadanaysient sidgaddat bbelsameltiziagioydsttodon system

upper surface of the 25 substrate stage 1 (plate member T) with respect to
13he Kletédiion ateackmaidlpdetection 92 pykianed 3isthasipepauidiot tieof the

detection operation of the foreign matter on at least a part of the upper
meiiiaaadgit Hstpiate mnehsliesik odnkkalktainis the pdsifeheafdisetfotaigiem 13.

matter in the XY plane on the basis of the detection result of the focus
Tltefectign mystaronlBanppdheuniersu ere eniaesedioft thiegeripdetaystemd the

14. Alternatively, it may be configured 5 such that the control apparatus 9
cleaeaguspsr tie posikoiviniad matienbatihef shib strateistageult, ko thatXhe

plane using the interferometer system 12, and at the same time moves the
meppessafageafithewsubsthatesiage ool ate a2 nindre Pewiithhres padt food

the detection area AF of the detection system 13 so as to perform the
acdetection operation of the foreign

In addition, in each embodiment described above, the foreign matter on the
upper surface of the reference member 44 including the reference grating 45 can be
detected using the detection system 13. In addition, the cleaning operation of the
reference member 44 can be performed on the basis of the detection result of the
detection system 13. The foreign matter on the upper surface of the reference member
44 is detected and the cleaning operation is performed on the basis of the detection result,
so that the measurement operation using the reference member 44 and the adjustment
operation of the alignment system 15 can be favorably performed.
Further, in each embodiment described above, it may be configured such that the

control apparatus 9 measures the positional information of the substrate stage 1 in the XY

plane using the encoder system 14, and at the same time moves the upper surface of the

substrate stage 1 (plate member T) with respect to the detection area AF of the detection



10

15

20

25

matter on at least a part of the upper surface of the plate member T, and

obtains the 10 position of the foreign matter in the XY plane on the basis

of the detection result of the focus detection system 13 and the

measurement result of the interferomegtgr system 12. Further, in each

embodiment described above, the description has been made such that
syHienpositio aatdierfoati oneafdiaerpumasseaiei stagahk YougEnisnaeasadiBykt a part

the interferometer system 12 (second interferometer unit 12B) is not used
offgetappaligomesntof thepritatinenang Tharxpnsie BepmRitasmaffithe foreign matter

substrate P, but mainly used for the calibration operation (that is,

inchergctionad tictoeasisrementivelieinofetue onaadrycayslasetibf.system 13 and
However, the measurement information (that is, at least one of five pieces

thehibssweositianabinfomtation ddéheyXiaxis4theAltexiai 1B, m iR O¥odhtired
the OZ directions) of the interferometer system 12 may be used for the

suahighmn iy aprraligip atithe exposey ehdpopanatianohth s i shkadetRuwhte stage
this embodiment, the encoder system 14 measures the positional

1 infoiatignaat themuibstiate-fiagekin fhkee tiecidonsief dhactimdsntiesthe
axis, and the OZ directions. Then, in the alignment operation and the

uppepestite operiationbaiatbstspbstipladmambandra watietgmicthe the detection area
measurement information of the interferometer system 12, only the

APpositlenddtsritsmatioentdGavel ing @pdirectiomefoe lexasnplpeitito@ &f e foreign
direction and/or the 9Y direction, which is different from the measurement

maitachioasléXsO3 paiisf YhaxispandrOiedifaht gitay ofidh@oRitiadabtains the
information of the substrate stage 1 obtained by the encoder system 14

paviayibefuse dorditernatitee iy the pwglorabnitiobastof tiegdeaictipthesult of the
directions (that is, at least one of the X axis, the Y axis, and the OZ

fodiredtientpsisgianid thendbasucesnanheirectidn «ftiea madocenaystenicid 12.
may be 5 used. In addition, the interferometer system 12 may measure
the poBitidia) inferchatiobodiftée deditdiotibabol thenhsulestidbe @idge Bedm made
this case, the positional information in the Z axis direction may be used

sufdr tiive dlegpuriciohoepafationtamcothbesyissure apsrdtiwhici ithassbstddig the
P.

interferometer system 12 (second interferometer unit 12B) is not used for the alignment

operation and the exposure operation of the substrate P, but mainly used for the
calibration operation (that is, correction of the measurement value) of the encoder system
14. However, the measurement information (that is, at least one of five pieces of the
positional information in the X axis, the Y axis, the 0X, the 0Y, and the 0Z directions) of
the interferometer system 12 may be used for the alignment operation and the exposure
operation of the substrate P. In this embodiment, the encoder system 14 measures the
positional information of the substrate stage 1 in three directions of the X axis, the Y axis,
and the 6Z directions. Then, in the alignment operation and the exposure operation of
the substrate P, among a variety of the measurement information of the interferometer
system 12, only the positional information regarding a direction, for example, the 6X

direction and/or the 0Y direction, which is different from the measurement directions (X
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In addition, in order to clean the upper surface of the scale member T2
(plate 10 member T), it may be configured such that an immersion
member is formed which is different from the immersion member 11 for
forming the immersion space to fill the9 ptical path of the exposure light
EL with the liquid LQ, and the immersion space is formed between the

axQINyerionRasrkRe e PiatepReiaRer thfSenthrintoe MPREPsaHdaeR:efl
the plate member T is cleaned. 15 In addition, the exposure apparatus EX

oﬂ%ﬁfé&’%é’@ﬁ&@d&?&&&éﬁ%ﬁ%%@tﬂﬁw hi?&ﬁ‘t&lﬂﬁtﬁf&lﬁﬂﬁféiﬁb‘sﬁﬂfﬁé})
inject gas. The gas is injected on the upper surface of the plate member T

infOrANRI BNEEHARIRE Th AL RIAMS HHaT IR EHRY S the XIhRkINRUPRRTS, and the

surface of the plate member T can be cleaned. In addition, the exposure

02BRBLANS FlhiFaPIO VREHMIR ANACUHE ARPEF AL MANED: BASASHENRN be

port to absorb the gas. The 20 foreign matter on the upper surface of the

usBlRte MEMRESH IRARRMBRIURIPG NG 3SRy IRk I RGiURRAGhformation

surface of the plate member T can be cleaned. Further, in each

of SRR RERL AP AHIDEDAPAY DS FCalf MRPRRY e F3Y R SXHOAARH A the

a predetermined timing. For example, even in the cleaning operation

7 4RI09iREIRAMEF IR MOEhE ]alm ek R ha (Héeég(?&é?ﬂét%é?a‘ﬁ% of

totally 25 removed, the scale member T2 can be exchanged with a hew
thssalemenpoer T2. 94 In addition, in each embodiment described above,
the exposure apparatus EX is provided with a notification apparatus. The

notificaligR ARBRAFUZITIAY %M@ﬁ%ﬁ&%@%@@?%@gé% ) 1(glate

result of the detection system 13. That is, when the detection system

mESIRFF INe dreian-aatiaran e YRRSH SHIFAGSiOh thEm6a S MEMPE Which is

the 5 notification apparatus informs an operator that the foreign matter is

difRIERFRT Be %ﬁf@&'ﬁm@%ﬂﬂ%f@@%f‘f@ﬂﬁﬁ{gﬁﬂé IRTRIRS IS APETBIAN the

using light, sound, image, and the like. Theretore, the operator suspends
op e PPRIAUPTMOL LB SXPARHI & RRPAANS fdia MRS IBRMRRIEBace is

stage 1 from the exposure apparatus EX, so that the maintenance
formed between the immersion member and the plate member T, so that the upper

surface of the plate member T is cleaned.

In addition, the exposure apparatus EX is provided with an air supply apparatus
which has an injection port to inject gas. The gas is injected on the upper surface of the
plate member T by the injection port, and blows the foreign matter off, so that the upper
surface of the plate member T can be cleaned. In addition, the exposure apparatus EX is
provided with a vacuum apparatus which has a suction port to absorb the gas. The
foreign matter on the upper surface of the plate member T is absorbed using the suction
inlet, so that the upper surface of the plate member T can be cleaned.

Further, in each embodiment described above, the scale member T2 can be
exchanged at a predetermined timing. For example, even in the cleaning operation
using the immersion member 11 or the like, when the foreign matter is not totally

removed, the scale member T2 can be exchanged with a new scale member T2.
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of the scale member T2 can be performed. The operator can clean the
scale member T2 10 as the maintenance. For example, the cleaning of
the scale member T2 includes rinsing with an alkali solvent. For example,
when a material generated from the S strate P is attached to the scale
member T2 as the foreign matter, rinsing with the alkali solvent is

effectiye ailigdditiarathccapoidinsnak xthange ibesealemervagparadus EX is
with a new scale member T. 15 <Third Embodiment> Next, a third

prombatiment witiheadesapbeauls. theldeseriptanhelsyiriie aiyee @perated on

equivalent components as those in the above-mentioned first embodiment

thatestesighatRebydihecsamss (BfatecaonNnasals] AndTthe desdiption detection
thereof will be simplified or omitted. 20 This embodiment is characterized

sykidinat 3 iensapersysiamdie can deteppunsuafaspecifiie acak afethiser T2, the
substrate P in which a measurement error occurs by defect of the scale

ndnifiabien TgpAlsosimibisne mbopimestiiihaldetecton system d3tcandletEct
the information regarding the state (surface stage) of the upper surface of
exhapiaibenbenbingpsings 2Fdhasuppepstitacesoithigiscadanicimage, and
T2. In this embodiment, the surface stage of the 95 scale member T2
théplikte mEehdort) inclosteatdesaspéntBrmatiperaidshe Lippaxposiaeapbaihes EX,

scale member T2. The defect information includes information regarding
withelrioreipe sniadtenonipe Soale thermesii2. appatasistA detekfiichsysinmenance

13 can detect the foreign matter on the scale member T2 using the defect
ofitienvdt onerebardihgatheeypimbedurfdte opéhaccale chambierstalelménber T2

embodiment, the detection system 13 can detect the information
asreégardiing:thaize Bbitbedapgthmdtiatiop dfiehappde suefaber G2theBeklerinsing

member T2. The size of the foreign matter includes the size in the Z axis
willraatidkadind ltreatsizédon ¢kemple, when a material generated from the substrate P is
attached to the scale member T2 as the foreign matter, rinsing with the alkali solvent is
effective. In addition, the operator can exchange the scale member T2 with a new scale
member T.

<Third Embodiment>

Next, a third embodiment will be described. In the description below, the same
or equivalent components as those in the above-mentioned first embodiment are
designated by the same reference numerals, and the description thereof will be simplified
or omitted.

This embodiment is characterized in that the encoder system 14 can determine a
specific area on the substrate P in which a measurement error occurs by defect of the
scale member T2.

Also in this embodiment, the detection system 13 can detect the information

regarding the state (surface stage) of the upper surface of the plate member T including

the upper surface of the scale member T2. In this embodiment, the surface stage of the
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XY plane. In addition, the detection system 13 can detect the information

regarding the 10 amount of foreign matter on the upper surface of the

scale member T2. In addition, the detection system 13 can detect the

information regarding the position of tc:%? foreign matter on the upper

surface of the scale member T2. In addition, the detection system 13 can
scarRtag e inD(plakiandagar dinthineiecasRatiataiaaiohtbetereipervatiare of

per unit area on the upper surface of the scale member T2. That is, in this

theRvandineaiieitme 15Trfdefdofairoatiandegading theotppessttacsf the
scale member T2 includes the size information, the amount information,

foteRzpasitienahinfo vnat ameafbdiernreighanatiae, dardiibe geemnatomaRect the
information of the foreign matter per unit area. An example of the

foegignatiansrohthie s¥pestetnbpPBralia EKdiEhistentbatimante ywitihe the upper
described with reference to the schematic views of FIGS. 9 to 13, the flow
suehatt o2thefsEde denaed The schematic views of FIGS. 17A to 19. Further,
for the sake of simplicity in the drawings, in FIGS. 9 to 13, and FIGS. 17A

to 19, theheneodedisysiethd deanddhealignmeohsyistesn thd mferamitted. In
this embodiment, an exposure sequence SA including the exposure
regpdiafiohe oizthef shibstraienRrandrfonaignupaitenfiieeesiingssaiguanc®d s i 2.
including the detection 25 operation of the state (surface state) of the
Thepgies stitfeceeidhenacale nokidahd Riarénd6e iAclkidelienitieaadphsuie: in the
sequence SA, for example, the loading operation, the alignment
Xypanaton lineldixjipnsuie dperationyanantie canlakdiogtiopartiontddiiegarding the
substrate P, and the like are performed. In this embodiment, in the
aradigno€ fidbreier atinreand ttkeupppositfacs operatiaieahthebstgtratn Rddion, the
control apparatus 9 operates the first drive system 4 on the basis of the
demeeasurgment I@satt déttoe tinienfleramedarsystéimgltBd kst ilvte dé tharfeteign
unit 12A), and controls a position of the mask M held on the mask holding
magpgaratihs 8phed nuatiditiontlia thidcamindsinint, im thvelalgnnhe ricopeikatioystem
and the exposure operation of
13 can detect the information regarding the occupation area of the foreign matter per unit

area on the upper surface of the scale member T2. That is, in this embodiment, the
defect information regarding the upper surface of the scale member T2 includes the size
information, the amount information, the positional information of the foreign matter,
and the occupation area information of the foreign matter per unit area.

An example of the operations of the exposure apparatus EX in this embodiment
will be described with reference to the schematic views of FIGS. 9 to 13, the flow chart
of FIG. 16, and the schematic views of FIGS. 17A to 19. Further, for the sake of
simplicity in the drawings, in FIGS. 9 to 13, and FIGS. 17A to 19, the encoder system 14
and the alignment system 15 are omitted.

In this embodiment, an exposure sequence SA including the exposure operation
of the substrate P and foreign matter processing sequence SB including the detection

operation of the state (surface state) of the upper surface of the scale member T2 are
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the substrate P, the control apparatus 9 operates the second drive system
5 on the basis of 10 the measurement result of the encoder system 14
and the detection result of the detection system 13, and controls a
position of the substrate P held on the substrate holding apparatus 1H.
The encoder system 14 measures the positional information of the
inSklIstrate stage 1 in the XY plane using the scale member T2 at least in
the alignment operation and the exposure operation of the substrate P.

15 In addificxposthissequeacisantohexlaspleintrriorametessradoanchd@lnment
the second interferometer unit 12B are accessorily used in a case where

opengdehchangard ioscexamplad iaspamidieiapeativn of the saaleate P, and the
member) of the measurement values of the encoder system 14 is

lilkeosre patorealinratinmid erabedimrnini o iteat:perorspar sihstiadehe exposure
exchanging process including the 20 loading operation and the unloading

opep&iat of thehaibdie s Bpsisaiensieigp Jamaeresdpeiacsuigiitgafrie firstand on
second substrate exchange positions CP1 and CP2, the control

thappsaadishd meastresihe:pasisionalintefenatiereofiiersulsifiaieistagerdmeter
in the Y axis direction using the laser interferometer 34, and controls a

urposiv)) afthemstiistiaestiagelthd maskditibhsboeranmplek thediogtipparatus 3H.
apparatus 9 measures the positional information of 25 the substrate stage

InJadyitioa, Sechizctinbexfenemeie thinilig 2 die vyeenithealabdio gxppetiadiopedation of
and the unloading operation and/or between the exposure operation and
ththarbitaadin theaparadicippanduechtijsdsase P dsitiecoat theveulysteaties siagee basis of
on the basis of the measurement result. In addition, in this embodiment,
thinnasaler-éonpetrfesnittbethien orditg operaiibh addhb dbe @iposisidt ofehatirection
of the substrate P, in a moving range of the substrate stage 1, the X
systate$32 8raincb 2@0le speatitiety dhde thbdheadRind 41 Bhandbdithrd Xdidiad
49), and the Y scales 26 and 27 respectively face the head units 47A and
appafat(¥ hdad B89 .clhircadicitipstennldrdentorpetferpothadignfoenhopekatiba
and the exposure operation of the substrate P,
substrate stage 1 in the XY plane using the scale member T2 at least in the alignment
operation and the exposure operation of the substrate P.

In addition, in this embodiment, the laser interferometers 34 and 36 of the
second interferometer unit 12B are accessorily used in a case where long-term change
(for example, temporal deformation of the scale member) of the measurement values of
the encoder system 14 is corrected (calibration).

In addition, in order to perform a substrate exchanging process including the
loading operation and the unloading operation, when the substrate stage 1 moves in the
vicinity of the first and second substrate exchange positions CP1 and CP2, the control
apparatus 9 measures the positional information of the substrate stage 1 in the Y axis
direction using the laser interferometer 34, and controls a position of the substrate stage 1.

In addition, for example, the control apparatus 9 measures the positional information of

the substrate stage 1 by the second interferometer unit 12B between the loading operation
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in a moving range of the substrate stage 1, the Y scales 26 and 27 can
face the Y heads 10 48A and 48B. Therefore, in a moving range (effective
stroke range) of the substrate stage 1 for performing the alignment
operation and the exposure operation&f the substrate P, the control
apparatus 9 can obtain the positional information of the substrate stage 1

and fieukoRlaneopsraism haxisbabZINIBGIRNN opeihednasia aflaidRaging

three measurement values of the linear encoders 14A, 14B, 14C, and
opkidiok astdlition:dRe Howeirof arRpaRitisdtart 0MrdledbRAsIIPMOhtB&urement

substrate stage 1 in the XY plane with good accuracy by operating the
resgieond drive system 5 on the basis of the positional information. Since

the effect of the air fluctuation on the measurement value of the linear

encodaraddiAdio, itBiiscantitidianty, reditaedcparparadhwithmibeiiags@peration and
interferometer, the encoder system has favorable short-term stability

theagaicing tirimeasofeiBsnbvaiue thwithoeisgaahie tfetrikfibatuationge 1, the
compared with the interferometer system. First, the exposure sequence

X Sénailbbettesoribgitchustngicashe headnusednt iBeaRKPOBUE Begliégcand the Y
SA, a base line measuring operation of the primary alignment system 15A

scald 26hask2ine speaiserinfaperation ehihe/secontan’ afigheae a8y sterddition,
1513ato 15Bd are assumed to be already performed. The base line of

intbel@r v peyfatignheenigdmsystarrdoh ihthcpogitianalogdatitnsbiphe substrate P,
(distance) with the projection position of the 98 projection optical system

inRlnavintheadaiedtibe yebetianca{gelechiol ceitsr®@hilde2framafyce the Y heads
alignment system 15A. The base lines of the secondary alignment

48y sieS R51 FhdeefbbB tharencedpecivelyatitative poskians el ibfetldetebiiomne
reference (detection center) of the secondary alignment systems 15Ba to

stddzBidfud e respaat th¢hei glatect opdeifitsencd thédatpation genteidrodbihie

primary alignment system 15A. For example, the base line of the primary
sualga enthsysienvLippisaoa Qutatecbsaialtitb abtioreddrgnnaariatlioFeisubstrate

measured in a state where the reference mark FM is disposed on the
staletedianaken p(rituX tield) vhitie phdrexyiatignonsnssyséehnsikao.ab ludhehree

as the method disclosed in
measurement values of the linear encoders 14A, 14B, 14C, and 14D. In addition, the
control apparatus 9 can control a position of the substrate stage 1 in the XY plane with
good accuracy by operating the second drive system 5 on the basis of the positional
information. Since the effect of the air fluctuation on the measurement value of the
linear encoders 14A to 14D is sufficiently reduced compared with the laser interferometer,
the encoder system has favorable short-term stability regarding the measurement value
with respect to the air fluctuation compared with the interferometer system.

First, the exposure sequence SA will be described. Further, as a premise in the

exposure sequence SA, a base line measuring operation of the primary alignment system
15A and a base line measuring operation of the secondary alignment systems 15Ba to

15Bd are assumed to be already performed. The base line of the primary alignment

system 15A is in a positional relationship (distance) with the projection position of the
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the specification of US Patent Application Laid-Open Publication No.

2002-0041377, in 10 a state where the reference mark FM is disposed on

the projection area PR of the projection optical system PL, spatial images

of a pair of measurement marks are rggasured by a spatial image

measuring operation of a slit scan manner using a pair of slit patterns SL.
préfeenothephasiesiinediftheqrimansligomenisystadetoids ealtthaseeheprimary

the basis of the detection result and the measurement result. In addition,

alfeiaxaropiesnl 3 Specifbabgipmiant bTamkSserviiRsubEiiaten? (pteaesEBa to
substrate) at a lot head are detected by the primary alignment system

1 sBPatnekipecaeennaanalighiment systenstdaisaéferhiid detactvencenter) of
and the base lines of the secondary alignment systems 1513a to 1513d

tharecalculatgd-améfeshasia of sk dete@n itsulpabdthiddeastikgneRtience
values of the encoders 14A to 14D at the time of detecting the specific

(deredkien kuntbero theegaitioh?fligppriatkis @radissts apositionptd, e base line of
secondary alignment systems 15Ba to 15Bd in the X axis direction so as

thtopbenargtghechwithsiiecaligirnantashahebauth adhancee feynex amaler Ms s
shown in FIG 9, the control apparatus 9 disposes the measurement stage

measiralpasitandadiag the féialcapt cadlEvieRtdldasd drethndession arca
member 11, and moves the substrate stage 1 to the first substrate

(vexeihdiegh poHditieni ikl Aeima:staistahnargAhe Fmnhersisnigpaeehbddsclosed in
formed between the final optical element 16, 99 the immersion member

thd 3pavifl ditomebBISrEmentt spptieai ovithaildeOispun dPldic kisthisi. DA0RAOME 377, in
exposed substrate P is held on the substrate stage 1, the control

a stprarais hemdeasithasubiNaie siggrel inthie pegendoaudisir R of the
exchange position CP2, and unloads the exposed substrate P from the

projtasivatepsiad @ ystdiadiseghainthwsesafd pabsifate &exalan geaposition
CP2 using the transport stage 8. Therefore, the control apparatus 9

muswves theasyhsiibie stagecstaithreorshsob sif atdiexchangeeositiap £pAir of slit

The control apparatus 9 loads the unexposed substrate P to the substrate
pastage 1dispdsad tha bheefirst «uhstpaiaayciiamgepositiemCGPA isstaptheed on

transport stage 8 (step SAl).
the basis of the detection result and the measurement result. In addition, for example,
specific alignment marks on the substrate P (process substrate) at a lot head are detected
by the primary alignment system 15A and the secondary alignment systems 15Ba to
15Bd in advance, and the base lines of the secondary alignment systems 15Ba to 15Bd
are calculated on the basis of the detection result and the measurement values of the
encoders 14A to 14D at the time of detecting the specific marks. Further, the control
apparatus 9 adjusts a position of the secondary alignment systems 15Ba to 15Bd in the X
axis direction so as to be matched with the alignment shot area in advance.

For example, as shown in FIG. 9, the control apparatus 9 disposes the

measurement stage 2 on a position facing the final optical element 16 and the immersion

member 11, and moves the substrate stage 1 to the first substrate exchange position CP1

in a state where the immersion space LS is formed between the final optical element 16,
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In addition, when the substrate stage 1 moves to the first substrate
exchange 10 position CP1, the control apparatus 9 may perform the
measurement operation using the measurement stage 2 as needed. For
example, the control apparatus 9 illu 'Bates the exposure light EL on the
first measurement member 38 in a state where the immersion space LS
thisifermegsohehweeerte, inalippticakelementsidsdthavimies sigiaiegbeFdrher,
and the first measurement member of the measurement stage 2 with the
whekitd &pdsed Sutesatior s abRyen the fiibtmeasuse MEht MabEipBiratus 9
constitutes a part of the spatial image measurement system 39, and the
m&paditld g areasel enetiesysianm Sbaanoblaliaibe perididind P2, and unloads
characteristics of the projection optical system PL on the basis of the
thexppswye sliphidcd Mionnatechbnthe dinsenmeksivamenthasedoad 38bdtrate
addition, the control apparatus 9 performs at least one of the
extleagdrersRivnaDR2alNNS tHSitgnkpdiveargdint Pheadforeationcoiras uigmenis 9
system 41 and the measurement operation using the uneven illuminance

mbieashiingbsystesiadsd hsonaedest. sibencantsalhappafaiiis ¢h @il adjTat tsntrol
optical characteristics of the projection optical system PL on the basis of

apperanmeasoidsmbeeuapeasiansubing e imeaassietent siagd displierdoe the first

substrate P is loaded on the substrate stage 1, the control apparatus 9 25
subpesaies dhenge onili ol GP s ysiamtbeanch sparts tra®yadh 8 Supstrate

stage 1 toward the 100 exposure position EP from the first substrate

exchaihgeddisito mwhan Hs tep TAR) sty éhi snembodi the iy dhai bletectionkaege

of the alignment system 15 is disposed between the first substrate
p@ithaaid positenCRp@ndtk® expopetfeposidandasirdmthisoperation using the

embodiment, the control apparatus 9 detects the alignment marks
mpaoviciadnortiize 3 sulisidate PHusiagathplaligproent dygipaatl befhnaitiees the

substrate P is subjected to the exposure operation (step SA3). On the
expubstedigh? Fi. phurhtitliref siratareas SiHecasHthe &xpasure afeas ibpnavidedon

in a matrix shape, for example. The alignment marks are provided on the
spaubifatef&rimed between the final optical element 16, the immersion member 11, and
the first measurement member of the measurement stage 2 with the liquid LQ. As
described above, the first measurement member 38 constitutes a part of the spatial image
measurement system 39, and the spatial image measurement system 39 can obtain the
imaging characteristics of the projection optical system PL on the basis of the exposure
light EL illuminated on the first measurement member 38. In addition, the control
apparatus 9 performs at least one of the measurement operations using the wave front
aberration measurement system 41 and the measurement operation using the uneven
illuminance measuring system 43 as needed. The control apparatus 9 can adjust the
optical characteristics of the projection optical system PL on the basis of the
measurement operation using the measurement stage 2.

After the substrate P is loaded on the substrate stage 1, the control apparatus 9

operates the second drive system 5 and starts to move the substrate stage 1 toward the
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as to correspond to the respective shot areas SH. The control apparatus 9
detects the 10 alignment marks provided on the substrate P using the
alignment system 15 in the middle of moving the substrate stage 1 from
the first substrate exchange position (1‘, dL to the exposure position EP.
The alignment system 15 detects the alignment marks on the unexposed

expdeteieskibe HrondheaisdBsirate siageet dpaiweposifioficP syuhsy 8182).
exchange position CP1 and the exposure position EP. 15 The control

apparaiusi9 samsbiharsulstatetRheldat the gubistiaiesstaga 1witldisposed
respect to the detection area of the alignment system 15, and detects the

bedligamn@etimakhspeoyidet aipéhe SubstEre hdnhhisprshediti@itntie.  In this
alignment system 15 (15A, 15Ba to 15Bd) has a plurality of detection

endbeaBnamdtbandetecippermuralidy of thealippanasit: maksppsoiidedomehe
substrate P almost at the same time. 20 In this embodiment, the control

sudppakabuss th g ehe oil gt Fptiexarp plefoab the Sibkerd@ Brisaappitbe what
areas SH on the substrate P as the alignment shot areas, and detects the

expligareeptmasks gepresponding to the selected shot areas using the
alignment system 15 (15A, 15Ba to 15Bd). Then, as disclosed in the

specifioatita aftsitaRRatenplivolid, 686L01 freheSTDrdleapparaieiRas is provided
performs a so-called EGA (Enhanced Global 25 Alignment) process in
inwhicirthehapsitionak infipienatitiie of iherdataatekisalig proeidem arked Odbdgate P so
statistically calculated so as to calculate the positional information
as(arangspoaditcoercingdes) ofleacheah Sthre T loncihersubgpiateud {stegpcts the
SA4). Therefore, the control apparatus 9 can obtain the positional
aliphoniena tioariof achleshat dresubitrat thasnp shkosé fhimethe yééplafién the middle
addition, the control apparatus 9 5 may obtain the information regarding
ofthe sualithg aultgtratatcizol thersubstiadeskbloy dteee ckafgerpodsonl@P1 to the
addition, in this embodiment, the detection area AF of the detection

exgpystiempbsitisrdidp osEkhiyveamtikestirst shildsteate thxclipnge posididn @Rhe
and the exposure position

unexposed substrate P held on the substrate stage 1 between the first substrate exchange

position CP1 and the exposure position EP.

The control apparatus 9 moves the substrate P held on the substrate stage 1 with
respect to the detection area of the alignment system 15, and detects the alignment marks
provided on the substrate P. In this embodiment, the alignment system 15 (15A, 15Ba
to 15Bd) has a plurality of detection areas, and can detect the plurality of the alignment
marks provided on the substrate P almost at the same time.

In this embodiment, the control apparatus 9 selects a part (for example, about 8
to 16 areas) of the shot areas SH on the substrate P as the alignment shot areas, and
detects the alignment marks corresponding to the selected shot areas using the alignment
system 15 (15A, 15Bato 15Bd). Then, as disclosed in the specification of US Patent

No. 4,780,617, the control apparatus 9 performs a so-called EGA (Enhanced Global

Alignment) process in which the positional information of the detected alignment marks
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EP. In this embodiment, the control apparatus 9 detects the positional
information of 10 the surface of the substrate P using the detection system
13 before the substrate P is subjected to the exposure operation (step
SAbL). The control apparatus 9 detectgd?e positional information of the
surface of the substrate P using the detection system 13 in the middle of
is MOViRg-Ane slhgiRiesstag e Laftamithadipek Blddsiraiaxehan ¢aRaghinent
CP1 to the exposure position EP. The 15 detection system 13 detects the

cdoasiiaRg) dTfercnation atihm skkfags @ithe Wagxpased substrate P held on
the substrate stage 1 between the first substrate exchange position CP1

and theRxpselreh$ositias hipatihes conthalappataips Hmaasftiehation of each
substrate P held on the substrate stage 1 with respect to the detection

shateacASfoth@ daipaiioe Bystam XS, pagkdeteciddh®positiodadrdDapparatus 9
information of the surface of the substrate P. In this embodiment, the

meagtelappaigsisn fioheing dhe pesiianakinfdrroation of the sibface Ofhehe
substrate P using the detection system 13 before the substrate P is

EGubjecteskto the exposure operation. The control apparatus 9 obtains the
shape (approximate plane, concave-convex information) of the surface of

the substiddaibnbasedsamitheliekare tiee duttion i@ ON N & dasistohthgstem 13
height information Zij of each detection point Kij which is detected using

is ihepbe2d tetectio thsyatenubd(ateg SAa e THoeidon it lapnbriad s Shbareposition
the immersion space LS with the liquid LQ between the final optical

ERlemethislémthelinume nsio tamesh bppatdsuasodthecsuiiage fithal sifbaitaten of
P in order to perform the exposure operation on the substrate P. 5 In this

themibbdimenhefoutaxam fasas dircliesadiin tyetsperifiogvonshoktivettdt P is
Patent Application Laid-Open Publication No. 2006-0023 1 86 and US

suBptead Apjhkcateruteaigprn RiuiSation No. 2007-0127006, in order to

continue to form a space in which at least one of the substrate stage 1

and th€hweasuioé appatstagetean talgdkieidioplichEd@mation of the surface of the
substrate P using the detection system 13 in the middle of moving the substrate stage 1
from the first substrate exchange position CP1 to the exposure position EP. The
detection system 13 detects the positional information of the surface of the unexposed
substrate P held on the substrate stage 1 between the first substrate exchange position
CP1 and the exposure position EP.

The control apparatus 9 moves the substrate P held on the substrate stage 1 with
respect to the detection area AF of the detection system 13, and detects the positional
information of the surface of the substrate P. In this embodiment, the control apparatus
9 obtains the positional information of the surface of the substrate P using the detection
system 13 before the substrate P is subjected to the exposure operation.

The control apparatus 9 obtains the shape (approximate plane, concave-convex

information) of the surface of the substrate P based on the reference surface Zo on the

basis of the height information Zij of each detection point Kij which is detected using the
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between the final optical element 16 and the immersion member 11, the
control apparatus 10 9 makes at least one of the upper surface 17 of the
substrate stage 1 and the upper surface 18 of the measurement stage 2
face the lower surface 16U of the fina{&;tical element 16 and the lower
surface 11U of the immersion member T1 in a state where the upper

desetfRestoh the(sebragg. stage 1 is close to or comes into contact with
the upper surface 18 (upper surface of the reference member 44) of the

MeasurBmeitPgH 2 a8sSP vy it nkze kb i-sibe 1. $hei¢omEdlquid LQ
apparatus 9 synchronizes and moves the substrate stage 1 and the

beMeRELIRMGA! 6hagal 2iknibe: X, dicaatianrvih fespesat 10, thel finakeplicabf the
element 16 and the immersion member 11. Therefore, while suppressing

suthierieaRagekine Jigtichi Qe the cany obappiatisicabsinaeethe
immersion space LS of the liquid LQ between the upper surface 17 of the

substrpielstagebbdngihdsmpantpilefacealikdlofdinen2RcrspasticamentstageUsS
2. In this embodiment, when the immersion space LS of the liquid LQ is

Paravaghsiycthion parl-Opdacatlicaf thexsu Rstate0d®igs hrand Satppapplication
surface 18 of the measurement stage 2, the control apparatus 9 operates

LikkeGpaoRdulidud systen (@ 3w 7, theotjipes sufians: 17 okthe spHestiat@hich
stage 1 and the upper surface 18 of the measurement stage 2 have the

atSedpstandiaflyhsants thatghihfodcanditg ushurineaachgiiterin Bblamet liquid LQ
adjusts the positional relationship between the substrate stage 1 and the
bemeasutenient dpEcdtelgmeht hdhadiheiendescobptinemiveo idetho dmavel thygaratus
immersion space LS of the liquid LQ by the upper surface 17 of the
9 suilistratéeatagaclodrict tepeippeafserigoef 11t chithaarmeagarementhstagge2surface
at least one of the upper surface 17 of the substrate stage 1 and the 5
1 Lippede shictacec B ofsthecD dastitheriontestagia & facE o thad diner qutitateldkbht 16
of the final optical element 16 and the lower surface 11U of the immersion
antheémbewdrlsinfacstald) wibee tihedargpe mserfacel 1 7nod trecswhsteatdiee stpge 1
is close to or comes into contact with the upper surface 18 of the
sunfisaslTernert siage@. sagther; thessubstratestage tanaktheith the upper surface
18 (upper surface of the reference member 44) of the measurement stage 2 as shown in
FIG. 10. Further, the control apparatus 9 synchronizes and moves the substrate stage 1
and the measurement stage 2 in the XY direction with respect to the final optical element
16 and the immersion member 11. Therefore, while suppressing the leakage of the
liquid LQ, the control apparatus 9 can move the immersion space LS of the liquid LQ
between the upper surface 17 of the substrate stage 1 and the upper surface 18 of the
measurement stage 2.  In this embodiment, when the immersion space LS of the liquid
LQ is moved by the upper surface 17 of the substrate stage 1 and the upper surface 18 of
the measurement stage 2, the control apparatus 9 operates the second drive system 5 such
that the upper surface 17 of the substrate stage 1 and the upper surface 18 of the

measurement stage 2 have the substantially same height (becoming flush with each other),

and adjusts the positional relationship between the substrate stage 1 and the measurement
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measurement stage 2 are synchronized and moved in the XY direction
with respect to the 10 final optical element 16 and the immersion member
11. This operation is arbitrarily referred to as a scrum sweep operation.
After the scrum sweep operation, as ﬁlagwn in FIG 11, the final optical
element 16 and the immersion member 11 face the surface of the
stgepsirate P, and the immersion space LS is formed with the liquid LQ
between the final optical element 16, the 15 immersion member 11, and

the surfage abshe seHesipéitth Fin Digcean irRhvappaiaiteianjysisetds of the liquid
positional relationship between the projection area PR of the projection

Lomicalesyspernsitfaandtioe thbatiBsearSkiagt thensustipderRuanddna of the
positional relationship between the image plane of the projection optical

méySigsiml anektheaslyfacenelvih@ supséralie-fRcen ther iasisiedithe pagiional the
20 information of the shot areas SH of the substrate P obtained in the step

upp&dsaifacth el appioxiasiedirnesaidhe sidestiaieo’ alainrd Ivthefstepfinal
SAG6. Further, the control apparatus 9 sequentially exposes the plurality of

ophieasblehanigas Shtahéiewebsiraie: B Minofhieeliguittisdohib@ beinmeisiantate
space LS (step SA7). In this embodiment, the positional information of the
whtilestiaigptageriais 23 oiehsuiibshhyethagencoddosysiemcdmin the ruddie with
of at least the exposure operation of the 104 substrate P. The control
thapppaeatusfAcaeasiings theapositionadtipoonatoniodihe: subsinadstatgrgbahd the
in the XY plane using the encoder system 14 and the scale member T2,
manadiexpos et e subsinatkrbhizékandnitol appatiat 0SYOdirtiols vai fhasij@at to the
of the substrate stage 1 in the XY 5 plane on the basis of the
filmeastiteinekniamlleaaf the iencedemsysiabed 4] .andhat tperadameistirtetrarily
sequentially exposes the plurality of the shot areas SH of the substrate P.
refarradditiorg theiconiredpppansios 9 adjusts the positional relationship
between the image plane of the projection optical system PL and the
surfaca fiéithiee sahsiratecPparpthaibasis siiown in FIG. 11, the final optical element
16 and the immersion member 11 face the surface of the substrate P, and the immersion
space LS is formed with the liquid LQ between the final optical element 16, the
immersion member 11, and the surface of the substrate P.

The control apparatus 9 adjusts the positional relationship between the
projection area PR of the projection optical system PL and the shot area SH of the
substrate P and the positional relationship between the image plane of the projection
optical system PL and the surface of the substrate P on the basis of the positional
information of the shot areas SH of the substrate P obtained in the step SA4 and the
approximate plane of the substrate P obtained in the step SA6. Further, the control
apparatus 9 sequentially exposes the plurality of the shot areas SH of the substrate P via
the liquid LQ of the immersion space LS (step SA7).

In this embodiment, the positional information of the substrate stage 1 is

measured by the encoder system 14 in the middle of at least the exposure operation of the



10

15

20

25

the approximate plane of the substrate P which is previously deduced
before the substrate 10 P is subjected to the exposure operation, and
exposes the substrate P at the same time. The exposure apparatus EX of
this embodiment is a scanning-type exppsure apparatus (so-called
scanning stepper) which synchronizes and moves the mask M and the

subdiisteate Prive adqiesieipparings samasing dieptonoand soihesames iinae
projects a pattern image of the mask Mon the substrate P. In this

subkibesdiments thersCRN I dsiieaiioshebdbe ssufesirateaRd(@ymakienizesber T2,

moving direction) is assumed as the Y axis direction, and the scanning

andikegiinBsahthaisaste M (synchronized moving direction) is also assumed
as the Y axis direction. The exposure apparatus EX moves the shot areas

SH of e suhstigfarimihe doaid Lirpeticionoihiespeatie higgprojeatierx' Y
area PR of the projection optical system PL, and moves the mask M in

plthe ¥nakishakBaifanavitbasasgaachhiocthef lhesitadensgseard R4Qftikat the same
illumination system IL in synchronization with the movement of the

tirheBsti@ietilip ERpo¥eaxis giraationoAththshsameatiSd, dhenexpastie P.  In
apparatus EX illuminates the exposure light EL on the substrate P via the

adaicijectibe coptichhpysiains Pladnstdhieelisnsid &:AQ] snsliexplaipasthecsubstinige
P. Further, the control apparatus 9 can synchronize and move the

planbsirdie gisigeibn2pacyd thasmepbureientaiage & thdkabXiradirBcliothdrbasis of
a state where the upper surface 17 of 105 the substrate stage 1 and the

thel ppprosiniaeep LB ©bthkeveastine Reriistaige2 araidpdedaced edone tidaubstrate
contact with each other in exposing the substrate P. After completing the

P axqosere didhe:supsiate dpeiatntdemntbexymse shie: isnbiergion asgacenins oine.
the liquid LQ from the upper surface 17 of the substrate stage 1 to the
upper ThsukigeautGppiheunEXSof émenhbtalject then cominoh gppar atps Qire
performs the scrum sweep operation in a state where the upper surface
apparafuthesubRtdte staige dtqpdthehippeynshirdaced Bndfitioe ¢n dasnrakdhtnd
stage 2 are close to or come into contact with each other. After the scrum

thewaeyorap &t atiapisdetenpletddictmmimgrigrsidons pad atlthe shithe thiguigrbRcts a
pattern image of the mask M on the substrate P. In this embodiment, the scanning
direction of the substrate P (synchronized moving direction) is assumed as the Y axis
direction, and the scanning direction of the mask M (synchronized moving direction) is
also assumed as the Y axis direction. The exposure apparatus EX moves the shot areas
SH of the substrate P in the Y axis direction with respect to the projection area PR of the
projection optical system PL, and moves the mask M in the Y axis direction with respect
to the illumination area IR of the illumination system IL in synchronization with the
movement of the substrate P in the Y axis direction. At the same time, the exposure
apparatus EX illuminates the exposure light EL on the substrate P via the projection
optical system PL and the liquid LQ, and exposes the substrate P.

Further, the control apparatus 9 can synchronize and move the substrate stage 1

and the measurement stage 2 in the XY direction in a state where the upper surface 17 of
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is formed between the final optical element 16, the immersion member 11,
and the upper 10 surface 18 of the measurement stage 2. In order to
unload the exposed substrate P from the substrate stage 1, the control
apparatus 9 operates the second driv O§ystem 5 and starts to move the
substrate stage 1 from the exposure paosition EX toward the second

thsybBkaie exchangeinpsilignCidadh escontiemaparatnBsiagyesatbelose to or
substrate stage 1 to the second substrate exchange 15 position CP2 and

condaatdsdhrexpageehshibgitate Bxisosmthesviisirake Btage 1 disposed on
the second substrate exchange position CP2 using the transport system 8

(step 4&). cdinpreatiethdhs soniobapRaidusSerRovas d8e s uhsikatie immersion
stage 1 to the first substrate exchange position CP1 and loads the

spdeKSasttsLbsitate) Rrom tihe spirstraieastageok tiRgbiherdraagparto the upper
system 8. 20 In this embodiment, after disposing the immersion space LS

subfadbe Sngabeliasacnicatagetdgdie erisalrappaatus QopeasHiss it Ijaline weep
positional relationship (base line) of the detection center of the secondary

opliginendntasyate Mhkbewlithugsgedifacthe7ddtactiambsaanieragt tharar iadipper
alignment system 15A using the reference marks AM of the reference
suffgrab8rod4heansiiutiigearpargor the oleasdremenisia@ednthtiendantieh2aher.

apparatus 9 measures a pair of reference gratings 45 on the reference
AfrenheacAdnusirgplOoerthieyiheadpldd, ahdidBierdibe gantdlSpparatimil LQ
adjusts a position of the reference member 44 regarding the OZ direction
is dorihel basieoi the finabsptiemendmneayds, ahthenihchaead smdBbearid 488 .the upper
addition, the control apparatus 9 measures the reference marks AM on
suifigcecf@refibe membenddtusigg 2he primary alignment system 15A, and
adjusts a 5 position of the reference member 44 regarding the X axis and
Y axisldiredtionsyitracdanep e sasding thatmp ésunahentbsalate stagthie the control
second interferometer unit 12B on the basis of the measurement values.
apipathissHaipeititesabatyed @ppdiiatusy dainfuliad eattslyo measuhestietrate stage 1
reference
from the exposure position EX toward the second substrate exchange position CP2.
The control apparatus 9 moves the substrate stage 1 to the second substrate exchange
position CP2 and unloads the exposed substrate P from the substrate stage 1 disposed on
the second substrate exchange position CP2 using the transport system 8 (step SAS).
Thereafter, the control apparatus 9 moves the substrate stage 1 to the first substrate
exchange position CP1 and loads the unexposed substrate P on the substrate stage 1 using
the transport system 8.

In this embodiment, after disposing the immersion space LS on the measurement
stage 2, the control apparatus 9 measures a relative positional relationship (base line) of
the detection center of the secondary alignment system 15 with respect to the detection
center of the primary alignment system 15A using the reference marks AM of the

reference member 44 constituting a part of the measurement stage 2. The control

apparatus 9 measures a pair of reference gratings 45 on the reference member 44 using
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marks AM on the reference member 44 which is in the visual field of the
respective 10 secondary alignment systems 15Ba to 15Bd using four
secondary alignment systems 15Ba to 15Bd, and obtains the base lines of
four secondary alignment systems 151’16%631 to 15Bd. In addition, the control
apparatus 9 controls the second drive system 5 when the substrate stage

thd VsRadonRNgnthesBIDSTRtE:6xXEHRAGRIPIAS SRl jastd Mpuasother the reference
measurement stage 2 to an optimal position (optimal scrum position) for

mPRIEer 1Ng dhQli SETHEOIWERRARESALIAL bEigsINatahRa B RGRSTRRS of the Y
described above is repeatedly performed in the exposure sequence SA.

hehBal s thi a@mirol @RpRIABS &@%ﬁ@%@ﬁﬁﬁ&@&gﬁﬁ%%t%@n%@ Gharks
moves the substrate stage 1 from the first substrate exchange position

AR 20 R DR RXNASHIS POSIHARER: PhfmAONIRRAY SR 3 SIetastsilRsts a

alignment marks provided on the substrate P in the middle of the

pRpssAlPmbalading thesmevemenrtbafding rubstatesageadiframinedirsbr

substrate exchange position CP1 to the exposure position EP. In addition,

extiggletastionipyaiemulsetesintie pesivenaldnipcmatian @f the: sUHkahe

of the substrate P in the middle of the operation including the movement

bRILBE RS Sehsirats-atagfudsfrom the first substrate exchange position CP1
to the exposure position 107 EP. Thereatfter, the control apparatus 9

movegihgisuhsiiate staaelappicing Wesuhatalasik HetherexpRStéitrence
position EP, and performs the exposure of the substrate P. Next, the

mAREANIRDSERURITER B Whibedesamiadis Thend aRGHPNSE Qe enCR spBctive
includes an operation for detecting the information regarding the state

setondaseasiaimeat sSdemyppBh $v1faRa atinersaalR cambeilToh Hsia bR ms

detection system 13. The information regarding the surface state of the

15®ale maabatdlebinelvdasuie Hefedr folermalinnef thenunpes sueace oBa to

the scale member T2. The defect information includes the detection
19Bt@rmation of the foreign matter on the scale member T2. In the

In addition, the control apparatus 9 controls the second drive system 5 when the
substrate stage 1 is performing the substrate exchange process, and moves the
measurement stage 2 to an optimal position (optimal scrum position) for performing the
scrum sweep operation.

Hereinafter, the process as described above is repeatedly performed in the
exposure sequence SA. That is, the control apparatus 9 operates the second drive
system 5, and moves the substrate stage 1 from the first substrate exchange position CP1
to the exposure position EP. The alignment system 15 detects the alignment marks
provided on the substrate P in the middle of the operation including the movement of the
substrate stage 1 from the first substrate exchange position CP1 to the exposure position
EP. In addition, the detection system 13 detects the positional information of the
surface of the substrate P in the middle of the operation including the movement of the

substrate stage 1 from the first substrate exchange position CP1 to the exposure position
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description below, a case where the defect information is the detection
information of the 10 foreign matter will be described as an example. The
detection information of the foreign matter includes at least one of the size
information, the amount information, B the positional information of the
foreign matter, and the occupation area information of the foreign matter

ERer Dindteifes, thealosirt ipisarembodimentiibsutietection sequentiesSBe substrate
includes an operation for detecting the foreign 15 matter on the scale

P toerekapdirbpasidite B taipafobadimesiphadeiediionbaauerce SB
includes an operation in which the encoder system 14 determines the

specifivargahl Acebtibe sdbstiais B wilwbick soebsure Mentegaiocsidfisence SB
due to the defect of the scale member T2 in the middle of the scanning

inEjdlesureoptiheosuibsitate fin dntrddiiematiot g amibediv entethandatestion) of
sequence SB includes an operation for changing the 20 control mode of

ththeppubsiraieesiage tancorsitgidhedetantionsasitytihe datectinn
system 13. In this embodiment, an acceptable value regarding the

infigtaction iefardadioie olirthecfarRignt tatieilobiainbel 0 el dédediodefect
system 13 is set in advance. In this embodiment, when the detection

infofaintiaiiast cdheforeigfoaifehdsaqealdmbosl@s thelr 25rtee iataepiabie

value, it is determined that there is no foreign matter which is not 108
inaluckeptiabldeiie ekpositisematienfofelgnfons e mwikiatois thetedeaptalderim2. In the

exposure includes foreign matter of which the measurement information
desbitipitied tdReancodaiesybie defbdt it funatdoiadlyhea nlesaivien intloensiion®f the

of the substrate stage 1 which uses the second drive system 5 when the
fostibstradadrisisLiekieditedhe axposupdeoperation. In 5 other words, the

foreign matter which is not acceptable in exposure includes foreign matter

due toTuhidk¢beoariabaarasiysiemticfosipoipertointling pasition one of the size

measurement of the substrate stage 1. For example, in this embodiment,
infein@atibe, detectiominfdomatidomohibldeHon@gitional information of the foreign matter,
and the occupation area information of the foreign matter per unit area. That is, in this
embodiment, the detection sequence SB includes an operation for detecting the foreign
matter on the scale member T2. In addition, in this embodiment, the detection sequence
SB includes an operation in which the encoder system 14 determines the specific area TA
on the substrate P in which measurement error occurs due to the defect of the scale
member T2 in the middle of the scanning exposure of the substrate P. In addition, in
this embodiment, the detection sequence SB includes an operation for changing the
control mode of the substrate stage 1 according to the detection result of the detection
system 13.

In this embodiment, an acceptable value regarding the detection information of

the foreign matter obtained by the detection system 13 is set in advance. In this

embodiment, when the detection information of the foreign matter is equal to or less than

the acceptable value, it is determined that there is no foreign matter which is not
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matter is equal to or less than the acceptable value, it is determined that

there is no 10 foreign matter. Alternatively, when the detection information

of the foreign matter is equal to or less the acceptable value, even though

it is detected that the foreign matter >(<)i§ts, it is determined that the

foreign matter is foreign matter which'is acceptable in exposure, in other
acopEsldenaigpodiadier WY gbrallaws st sianiipdsuse afdgrapleaswsgivant

information of the encoder system 14 in the driving of the substrate stage
indl{feforeith Matiarovhiaiciagsmedsareneat thtpasitionomeasdrenesteatoder

the encoder system 14 using the scale member T2 being performed). On

sydienpthieis hapdatvhely thedetlectiandaiovingisgmhef s dateighgaatiatich uses the
exceeds the acceptable value, it is determined that the foreign matter is

setoigighimadistemicRlisn i agsepiRiteJudipasdie.the ekpesweordsritisn. In
determined that the foreign matter is 20 foreign matter which renders the

othe assHBMBe foréoFmatiasrol ih enaodascsyatBmih4xpobstaitialyes foreign
unusable in the driving of the substrate stage 1 (foreign matter which

mptievdatsiehetpasitiekivedsuranent okthe @neettensyrieosilibusibgiiénent of
scale member T2 from being performed). In this embodiment, when the

theletstiate istt@ariation of the foreign matter 25 exceeds the acceptable
value, the specific area TA on the substrate P is determined, and 109 the
controFoiedamprngetbisthatsulisicatevehageht depedonmedrimdioa of the foreign
description below, a case where the detection information of foreign

manaitey éqibesidel efsthatareigocapaitee willueei oBstiben @s] ahae Hasepileno
Therefore, for example, when it is determined that the size of the foreign

fomattemadedsectetl leynthay 8 yetaetiohesstenvi Infoaguabicod tHe $srtigin iheter is
acceptable value, the control apparatus 9 determines that there is no

edarkigomhaitehe\Ateeptibis deliereitaditbaphbhie isidetaftédehforbigforvigiienatter
exceeds the acceptable value, the control apparatus 9 determines the

exsfrecific deearmiahtbaetbalistete Maand tHercntrohteoddchangecoptitde in
substrate stage 1

exposure, in other words, foreign matter which allows substantial use of the measurement

information of the encoder system 14 in the driving of the substrate stage 1 (foreign
matter which does not prevent the position measurement of the encoder system 14 using
the scale member T2 being performed).

On the other hand, when the detection information of the foreign matter exceeds
the acceptable value, it is determined that the foreign matter is foreign matter which is
not acceptable in exposure. In other words, it is determined that the foreign matter is
foreign matter which renders the measurement information of the encoder system 14
substantially unusable in the driving of the substrate stage 1 (foreign matter which
prevents the position measurement of the encoder system 14 using the scale member T2
from being performed).

In this embodiment, when the detection information of the foreign matter

exceeds the acceptable value, the specific area TA on the substrate P is determined, and
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is performed. 10 Further, in this embodiment, when the position of the
foreign matter detected by the detection system 13 is in the outside of the
acceptable area of the upper surface of the scale member T2, at least
one of the determination of the specif'ﬁ)grea TA and the control mode
change is performed. When the position of the foreign matter is in the
thacoapEhip Rremetdhg tenebsiifacegf thi pealemember T2, the
determination of the specific area 15 TA and the control mode change are

not perfomvedsdeiiviauen, theakeraiperdnnttiaetexisisinfiha@acoptaiiin
area of the upper surface of the scale member T2, the foreign matter

maeas Noleaskessehe adietiihramaeasilr eaenicopedatiom ektepgnNcotigsrefore, for
system 14. For example, the acceptable area includes an area in which

extihapteiswiediffiaciamgiatinthaRbeameng diefsaale mandeet2ieddbindisis
embodiment, the detection sequence SB is performed in a predetermined

depeviien of disre 1BHer@tleashithg Lxpasheaapprabieny ol ehsuhsitaleappigatus 9
not carried out. In this embodiment, the detection sequence SB is

depatfannetidnthcpe otb abtong wheasrthewbading dpeiatiasd thetaligeinest the
operation, the exposure operation and the unloading operation of the

fostipatradady are-adt herdocapeshlthallis;, ihadoatiot phtiraeiyheaadhaidds the
exposure apparatus EX is in an idle state. 110 In order to perform the

spdeictiorn JequencestBir@ pyaenétaeosiech peivdd didimeolferstivetrate stage 1
substrate P is not subjected to the exposure operation, the detection

is pecfoemned. SB is instructed to be performed at a predetermined timing.
The control apparatus 9 starts to perform the detection operation of the
foreigriFongit¢eriomhikeppénsunfackeafttrepbssdateofinbmfoecigR maing theccted by
detection system 13 in a predetermined period of time when the exposure

thedetationm of thersib striatehf munidcaf ikeclaoutfstele SBaljt theeippaitsakface of the
apparatus 9 measures the positional information of the substrate stage 1

scukimgeatiedab? ondeak tlhacnithdelcsysiémtibh af chtheéatfitfaromiBiermslysie nontrol
12. At

mode change is performed. When the position of the foreign matter is in the acceptable

area of the upper surface of the scale member T2, the determination of the specific area
TA and the control mode change are not performed. Even though the foreign matter
exists on the acceptable area of the upper surface of the scale member T2, the foreign
matter does not adversely affect the measurement operation of the encoder system 14.
For example, the acceptable area includes an area in which there is no diffraction grating
RG among the scale member T2.

In this embodiment, the detection sequence SB is performed in a predetermined
period of time when at least the exposure operation of the substrate P is not carried out.
In this embodiment, the detection sequence SB is performed in a period of time when the
loading operation, the alignment operation, the exposure operation and the unloading
operation of the substrate P are not performed, that is, in a period of time when the

exposure apparatus EX is in an idle state.
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the same time, while moving the substrate stage 1 in the XY plane with
respect to the 10 detection area AF of the detection system 13, the control
apparatus 9 detects the foreign matter on the upper surface of the scale
member T2 using the detection systerﬂ&& The control apparatus 9
detects the foreign matter on the basis of the detection result of the

detectiansystenpdidoamctibeldneasuremenicesBlinh he RRaadac$ysies of time
14 (or the interferometer system 12). As described above in this

whkimbhpediientaibe somiralbappasatiesepeatrobipinabicast anecabihagigdce
information, the amount information, the positional information of the

SBoieigarinaétero aghdeveaupaiipredseanihetiation of e Jereidnppateis 9
per unit area on the basis of the detection result of the detection system

stdds @nstihgrmarsdyeoimt spsulif trelrrossen sysieroa4hiipper surface of the
interferometer system 12). In this embodiment, since the detection system
scAR inligRoFETheiha thositieotion 20swhictBtheadeteetiomoparptitedaittiiene when
foreign matter on the upper surface of the scale member T2 can be
thpexpsses dpeiad gesiotof itneaw el the expedwe opepsBn of the
substrate P is not carried out, it can effectively detect the existence of the
foreigmheait@itralnppartEper sestaces ohéhw Scaleamefobieition. ¢l theldiis @ate

diagram illustrating a state where the foreign matter on the upper 25
stsgyfhosind thécptatmensindiesntddetugigninel uppehsinfacerohther sgedem 12. At
member T2 is 111 detected using the detection system 13. As shown in
th& Kand2tiineoKkdlieil d ondeiag ithes utareignsmgéte o ththk Yipheresuifaces pddhe the
plate member T in a predetermined period of time when the exposure
deopeiaiiareoAiR e fSihbsicaietiBns yxot malBiaticottin tivd gopirat o derassie foreign
moves the substrate stage 1 in the XY plane with respect to the detection
matteadn Afe applee defectiontbystae zniheiiX eribgdimdert aiokeagitomel8f The
the upper surface 17 of the substrate stage 1 and the upper surface 18 of
cdineongpamemeniesiageh? facagitheattovvar giertacs b6 tholthe finalopiicaf the
element 16 and the lower surface 11U of the immersion member 11 in a
destatewhetterthB3uppahsuitaserdmait teeutubiSthatenstalige dysaeinh 14 (or the
interferometer system 12). As described above in this embodiment, the control
apparatus 9 can obtain at least one of the size information, the amount information, the
positional information of the foreign matter, and the occupation area information of the
foreign matter per unit area on the basis of the detection result of the detection system 13
and the measurement result of the encoder system 14 (or the interferometer system 12).
In this embodiment, since the detection system 13 is disposed on a position in
which the detection operation of the foreign matter on the upper surface of the scale
member T2 can be performed in the period of time when the exposure operation of the
substrate P is not carried out, it can effectively detect the existence of the foreign matter
on the upper surface of the scale member T2.

FIG. 12 is a diagram illustrating a state where the foreign matter on the upper

surface of the plate member T including the upper surface of the scale member T2 is
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the upper surface 18 of the measurement stage 2 are close to or come
into contact with 10 each other. At the same time, the substrate stage 1
and the measurement stage 2 are synchronized and moved in the XY
direction. Therefore, the substrate st 1 can be moved with respect to
the detection area AF of the detection system 13 in a state where the
ddeenarsianspacr tk&itnfoymead vath the digwia LFewEeean theefinatioricae
element 16, the immersion member 11, and the measurement stage 2.

foldigh inathe ohlasirate&tageats df aanprad aughiymovedprdae iy el@period of

with respect to the detection area AF in a state where the immersion

tispadech Shisdosoiatt anddiienddtactianapasatiomot taetareign thvateréan
be performed on the substantially entire area of the upper surface (upper

apparface Dhibe:platesomsmbesthyd 7 of dhedsvhshiatevatags pectndhif detection area
embodiment, the substrate P is held on the substrate holding apparatus

ARMf 22 ietbaiotidiecaf (3e deiebiichdpdiaiion of s foneightiwaiigier surface 17
Further, a dummy substrate may be held on the substrate holding

ofappandtus tbHtizdheamidbicuphthsudeate dtiosf operadicurefitie fargiohfaces the
matter. Unlike the substrate P for the exposure, the dummy substrate is a
lo(eieammoatbsialofitie Highl oledeinessira@stondatlikaly dorive aft anyhe
foreign matter. The dummy substrate has the approximately same
inapperrancare2bl thed eohtbevkelsiiatepPeridnefstdosTrafatealdingate stage 1 and
apparatus 1H can hold the dummy 112 substrate. By holding the
thsupptraserRiar tBefithmmyasulstratesby ¢ ieaselbRisate bolding iappasatius with
1H, the substrate holding apparatus 1H can be protected by the substrate
cafhasthidre dAmiheysaulestiiate thethebsistd|stgfctheniétetinenapenadianapéitare
foreign matter. Further, the detection operation of the foreign matter may
syhehpenieethadlimaveidie kb X¥ dikeonembeTistiefoas the sibbstratetddol it be
dummy substrate is not held by the substrate holding apparatus 1H. In
mthisdemitiocispenttd hiee clrntoloappeaalro thetdatz tioa fysedgn IDattersint@where
predetermined area on the upper surface of the scale member T2 which
theom@smiitm space LS is formed with the liquid LQ between the final optical element

16, the immersion member 11, and the measurement stage 2. That is, the substrate stage
1 can be roughly moved in the XY plane with respect to the detection area AF in a state
where the immersion space LS is formed, and the detection operation of the foreign
matter can be performed on the substantially entire area of the upper surface (upper
surface of the plate member T) 17 of the substrate stage 1.

In this embodiment, the substrate P is held on the substrate holding apparatus 1H
in the middle of the detection operation of the foreign matter. Further, a dummy
substrate may be held on the substrate holding apparatus 1H in the middle of the
detection operation of the foreign matter. Unlike the substrate P for the exposure, the
dummy substrate is a (clean) material with high cleanness so as to be unlikely to give off
any foreign matter. The dummy substrate has the approximately same appearance as

that of the substrate P. The substrate holding apparatus 1H can hold the dummy
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contact with the liquid LQ of the immersion space LS in the middle of at

least the scrum 10 sweep operation and the exposure operation of the

substrate P. For example, the edge shot area of the substrate P is

exposed, the liquid LQ of the immersﬁ space LS exits to the outside

from the surface of the substrate P, andthus comes into contact with the
subsaiednempabIlizhglthe axasu® ighhEduis mpl@ytiadey thenminateadlding

the scale member T2. However, since the size of the immersion space 15
apparanes S EeabkSats Hogdhy pipasisslargenthpioeaeiestion aparkB P or

which is the illumination area of the exposure light EL, the liquid LQ has a
thpassidility Wsaarsingirtmicortactiwitietheisealgeragonst (he fdre ARG RriNn

this embodiment, by performing the scrum sweep operation, the
Funtve 1o despais lopepiibe Hethd foinonesibetvear thefdprdrisuwiaae where a

17 of the substrate stage 1 and the upper surface 18 of the measurement
meisiagech asehhaitapad PbihBippemswibcead thasaalrl membetibkgate

comes into contact with the liquid LQ of the immersion space LS. In the
halésgrypiomnabelan, a part of the upper surface of the plate member T

coming into contact with the liquid LQ of the immersion space LS in the

middldwfihestiodinsne epeapatasiap gt ® expesite: apeiaiiameéthea

substrate P is arbitrarily referred to as a contact area CA. 25 FIG 13 is a
prirgranimednesaiicallydppstratifg ¢hd dantedtanembod TA svdhdwio hds inifo

FIG 13, in this embodiment, an annular area CAl around the substrate Pin
cdimaat pyadr tiseitfqokl 0fQhe platenmeriberspabas. & ipaksihiliddlefotaimiagtidie scrum

contact with the liquid LQ of the immersion space LS by the exposure
svafeprapant{tmmet shereepast kepoperaiiohthefsibgratbBirate P. In addition,

in the scrum sweep operation, an area CA2 which is a part 5 on the -Y

side ofthexmppplesthéackzd shot theasifubtratdstage s toxpekich theligqppel.Q of

surface 18 of the measurement stage 2 is close to or comes into contact
thevithpeas an ppssidilitye i s conhin gusidecHntachewihrtive bfjthd Li@sofathd, and thus

immersion space LS. That is, in this embodiment, the contact area CA
capersaratecbbtathe ek plassra seguarcd A imbluelgstioee light EL is unlikely to be
illuminated on the scale member T2. However, since the size of the immersion space
(immersion area) LS in the XY plane is larger than the projection area PR which is the
illumination area of the exposure light EL, the liquid LQ has a possibility of coming into
contact with the scale member T2. In addition, in this embodiment, by performing the
scrum sweep operation, the immersion space LS of the liquid LQ moves between the
upper surface 17 of the substrate stage 1 and the upper surface 18 of the measurement
stage 2, so that a part of the upper surface of the scale member T2 comes into contact
with the liquid LQ of the immersion space LS. In the description below, a part of the
upper surface of the plate member T coming into contact with the liquid LQ of the
immersion space LS in the middle of the scrum sweep operation and the exposure

operation of the substrate P is arbitrarily referred to as a contact area CA.

FIG. 13 is a diagram schematically illustrating the contact area CA. As shown
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area CAl and the area CA2. 10 As described above, as the foreign matter

with a possibility of being attached to the upper surface of the plate

member T, the liquid LQ (droplet of the liquid LQ) may be exemplified. In

the contact area CA coming into contriul:gwith the liquid LQ of the

immersion space LS, there is a high possibility that, for example, the liquid
inlFQ®D B)en MEFHoa; SRAE A InMANTERIRMAIr RRad Ofthebsnate Rirofhthepper

substrate P eluted to the 15 liquid LQ may be attached thereto. Using the
sudRIeCHDh S psia Mt mbay TaLy ngossibing dgtastion operatieneiwhe thertigid LQ

matter with priority in the contact area CA with a high possibility that the
offHeigMmBIcBa s pAdsIE.SBONG B dspReostace @hinerplaieposabesdgeration) of

including the upper surface of the first plate Ti and the upper surface of
ththaibaadee rPentheddiZicireighematier sasepopdeieciedradtt goathich is a part

efficiency and good accuracy. In addition, the control apparatus 9

orpgifonms dbetdteahper opehatian of the siibreigl regiter, i Wwaichmiacippeeaurface
CA on the upper surface of the plate member T using the detection

1 Systasnissgrikar, sthgecd nikabappasativen? Pattoctisdhierddtaetianpossibility of
operation of the foreign matter even on a non-contact area NCA other
cdindpthirccasiiact Abtarka lipiEvervinlibénnasrcontseicered. N@Aavithin this
which the liquid LQ of the immersion 114 space LS does not come into
emobodaatniotiexesnpla, adaarirogdherdigdityLReaixiha ui sequeiore spateludes the
may be splashed and attached, or particles floating in the arrangement
arspavel ofifhehexpasQre2apparatus EX may be attached, so that the foreign
matter may be present. The control apparatus 9 can detect the existence
of the oy eligiorbedaiterv) thehedorepntacitaiesi G nitibtypperisigriacehed to
of the plate member T using the detection system 13. In this embodiment,
ththeppentiotappdraitiplStenovedehd, subsigaie ERgérdpietthEth Yiglahb@)ithay be
respect to the detection area AF of the detection system 13. In addition,
exemplified. In the contact area CA coming into contact with the liquid LQ of the
immersion space LS, there is a high possibility that, for example, the liquid LQ of the
immersion space LS may remain or a part of the material of the substrate P eluted to the
liquid LQ may be attached thereto.

Using the detection system 13, by carrying out the detection operation of the
foreign matter with priority in the contact area CA with a high possibility that the foreign
matter exists among the upper surface of the plate member T including the upper surface
of the first plate T1 and the upper surface of the scale member T2, foreign matter can be
detected with good efficiency and good accuracy.

In addition, the control apparatus 9 performs the detection operation of the
foreign matter in the contact area CA on the upper surface of the plate member T using
the detection system 13. Further, the control apparatus 9 performs the detection

operation of the foreign matter even on a non-contact area NCA other than the contact

area CA. Even in the non-contact area NCA with which the liquid LQ of the immersion
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the control apparatus 9 performs the detection operation of the foreign
matter on the 10 substantially entire area of the upper surface of the plate
member T including both the contact area CA and the non-contact area
NCA. The control apparatus 9 determjnes whether or not the size of the
foreign matter obtained by the detection system 13 exceeds the

spaceesiable votur B the basisceffihiexdaipriiapresoitind thridatertiome
system 13 (step SB2). That is, the control apparatus 9 15 determines

innieter graoetiHentorsigspmaitaravbighaihetagrentidlelexpastie
exists. In the step SB2, when it is determined that the size of the foreign

arfaagendaegdad ¢0 e egsothandhaceeptabla yalugdbasdssomhendid&oreign
foreign matter which is not acceptable in exposure is not detected, the

meeatiahappairtieatd pEHosnaIReseliINed Jviecess: suiiedse of the foreign
performing (restarting) the exposure sequence SA. 20 On the other hand,

mintdaenstepnSB2oMtharitisNeresminedippat thefsizeOihthplatereignbaaltasing the
exceeds the acceptable value, the control apparatus 9 determines the
despadificawemTA.of the substrate P (step SB3). FIG 17A is a schematic
view illustrating an example of the scale member T2 in which the foreign

matternexistseo s mppe tistictace] Ripatdidss msebethatiabsieepage 1 in the
illustrating an example of the specific area TA of the substrate P. In

X¥dditieny fthGedpets folthealseheoiadieieidlldstradingian exammpliessof theaddition,
shot area SH including the specific area TA. The specific area TA is an
thakem ol Hppsubsttape Porwkidie iseaueitapgedavidin ¢t the dstegnariatkthn the
illumination area (projection area) PR of the exposure light EL when 5 the
sublefaaidfigreiginenatics) tie thpacalegaoenthke pRts dispbscd ianltldéng both the
measurement area of the Y head 48 (or the X head 49). For example,
conhenaiear€ Asafat ehgmonatternachiaha &CAeds the acceptable value on the
scale member T2, the encoder system 14 generates measurement error
in the $jhecdictaries faain Hadmédoimof tHetbeaoning éxpaseird dicthigeign matter
obtained by the detection system 13 exceeds the acceptable value on the basis of the
detection result of the detection system 13 (step SB2). That is, the control apparatus 9
determines whether or not the foreign matter which is not acceptable in exposure exists.

In the step SB2, when it is determined that the size of the foreign matter is equal
to or less than the acceptable value, that is, when the foreign matter which is not
acceptable in exposure is not detected, the control apparatus 9 performs a predetermined
process such as performing (restarting) the exposure sequence SA.

On the other hand, in the step SB2, when it is determined that the size of the
foreign matter exceeds the acceptable value, the control apparatus 9 determines the
specific area TA of the substrate P (step SB3).

FIG. 17A is a schematic view illustrating an example of the scale member T2 in

which the foreign matter exists on its upper surface. FIG. 17B is a schematic view

illustrating an example of the specific area TA of the substrate P. In addition, FIG. 18 is
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substrate P because the foreign matter exists on the scale member T2.
That is, when the 10 specific area TA is disposed on at least a part of the
projection area PR, error occurs in the measurement value of the encoder
system 14 because the foreign matter}1 g(ists on the scale member T2.
When there is the foreign matter which exceeds the acceptable value on

a $beeatale vieemibetrhéninathexapgaiisfarRa A atbe SPERSUIBINEMe specific area
information of the encoder system 15 14 is substantially unusable in the

TAlriving of the substrate stage 1 which uses the second drive system 5
when the substrate P is scanned and exposed. In other words, in the
specifitirRregedific heppaitiommeasur areabafderswhsiraies@gged with at
obtained by the encoder system 14 cannot be performed. In the specific

leaveaphA, dhe@gastumameniiafopraianohtbs) PRCotltieyigiedird 4igROEL when
becomes abnormal, which is caused by the foreign matter (defect) of the

theCRiR in@BIbRM hatiEhatnshéhe amaasuiamentivaivpoctdiie encodasgyaient area
14 when the specific area TA is disposed on at least a part of the

offatej&Cheni g poPiRdox drmbs9bntunak haphy sehthahtoedigforaigiienaxstshich
on the scale member T2. For example, the abnormality of the

exteds ke merpinbdsmationvtibeancodeaitsysiemht4icotdaesdipid ¢ angates
in 25 measurement value, or an excessive amount of deviation in the

measasuien effovaluaadheficlarea Mzonehsysiddielst arcsthaninte feposnaiei the
system 12. The positional relationship between the measurement area of
sutbser i delcdBséahetlierdf Jnaadtd paisd tretHiusoihatiemaced PR @Thtivés, when the
exposure light EL in the coordinate system (XY coordinate system) is
spdefiiited-dayThésetiqaded sysie atda(pirthe hinpesiecdmeiesashRiemdri)ccurs in
which is known from a setting value, for example. In addition, as
thd esershegnehoveluthefitifo rmaiizn segandirpbikrayesiiofoaf ghenfereigixists on the
matter is obtained in the coordinate system (XY coordinate system)
scdfinechiwy fh2 encoder system 14 (or the interferometer system 12) on
the basis of the detection result of the

When there is the foreign matter which exceeds the acceptable value on the scale
member T2, in the specific area TA, the measurement information of the encoder system
14 is substantially unusable in the driving of the substrate stage 1 which uses the second
drive system 5 when the substrate P is scanned and exposed. In other words, in the
specific area TA, the position measurement of the substrate stage 1 obtained by the
encoder system 14 cannot be performed.

In the specific area TA, the measurement information of the encoder system 14
becomes abnormal, which is caused by the foreign matter (defect) of the scale member
T2. That is, the measurement value of the encoder system 14 when the specific area TA
is disposed on at least a part of the projection area PR becomes abnormal because the
foreign matter exists on the scale member T2. For example, the abnormality of the

measurement information of the encoder system 14 includes rapid change in

measurement value, or an excessive amount of deviation in the measurement value of the
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detection system 13 and the measurement result of the encoder system
14 (or the 10 interferometer system 12). Therefore, when the defect
(foreign matter) on the scale member T2 is disposed on the measurement
area of the Y head 48 (or the X head fff)g the control apparatus 9 can
determine the specific area TA on the substrate P with which at least a

enatepbiRRilunination aearérspiectiopsaiaa)PR of the exposure light EL
is overlapped. 15 After the specific area TA is determined, the control

appardtus pedesms] thenepipt ik medachasga aintb e subistaiteSaged 48 (or
accordance with the specific area TA (step SB4). Then, the control

thapPasadus P AarfpeMiuhesiass e R ISR sesluentigHeALAR the ddasikinate
of the changed control mode. Hereinafter, an example of the control mode
syarehaX exarnpimat the eporatiuminéd basedeaodia cpnsial modedéll be
described. In this embodiment, the control mode change of the substrate
insdgehinglydasmhnangetitmiichdha conirelseivae valchaiogedaiaplelriving
the substrate stage 1 by the second drive system 5 in the middle of the
adsbaon|ng desqritsidreboh ) ehshafareaiSirripaldiipg ib@ specificfaneadrd @nmatter
the substrate P. That is, the control apparatus 9 makes a difference
is lobtwiaed ithehe ontidimaads segaXiNg-teddrvsingrof te€stbbirdie siagéer
1 by the second drive system 5 in the middle of the 117 scanning
syexpoIureoiibeshtiranaacs bl stetindudingdhaspeciie deaatdh andithef the
control mode regarding the driving the substrate stage 1 by the second
detkir® s ysteema hailiethaniddiewné i seanhinf texpasoder gl thars ho{ arda
SH including the specific area TA. The control apparatus 9 performs the
indhifdngreidheysienstraje stagesiohy thiesebodefelriv@orBigysiened) ionthe scale
middle of the scanning exposure of the shot area SH including the
mepbeifit2aredi spased adlifiererhaontnehmoeedfoime thaeadnt8alomihdeXused 49), the
the scanning exposure of the shot area SH not including the specific area
cohfolipaanisc) maditasathintheepadiliteaofdia scahning sxjpofunatbfthéch at
shot area
least a part of the illumination area (projection area) PR of the exposure light EL is

overlapped.

After the specific area TA is determined, the control apparatus 9 performs the
control mode change of the substrate stage 1 in accordance with the specific area TA
(step SB4). Then, the control apparatus 9 performs (restarts) the exposure sequence SA
on the basis of the changed control mode.

Hereinafter, an example of the control mode and an example of the operation
based on the control mode will be described. In this embodiment, the control mode
change of the substrate stage 1 includes change in which the control mode is changed for
driving the substrate stage 1 by the second drive system 5 in the middle of the scanning
exposure of the shot area SH including the specific area TA on the substrate P. That is,
the control apparatus 9 makes a difference between the control mode regarding the

driving of the substrate stage 1 by the second drive system 5 in the middle of the
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SH including the specific area TA includes a first mode used for the
scanning exposure of 10 an area NA other than the specific area TA of
the shot area SH, and a second mode used for the scanning exposure of
the specific area TA. That is, when th ot area SH of the substrate P is
scanned and exposed by relatively moving the substrate stage 1 with

scHRBRRctiPsharesparBliak FH the aantidhapparpiiesR apntmisaiitthe control

second drive system 5 in the first mode when the area NA is exposed. In
madiéliégnsdideidhiei spRCNE Qnadrdid stiots IEXPasethdha] CRIVEQ)ySRPA KIS
controls the second drive system 5 in the second mode. That is, the

mGane of apparatiia 9 dxpkesdsMng shbthecas1stiadiristag thd Heditecsecomd .
drive system 5 in a state where the area NA is scanned and exposed

Tisliftererdl fippathat v Stataswhee: thepsiratificudreard Adgstayngd @dnd drive
exposed. In this embodiment, the measurement information of the

syereeoden sysiaiddld ¢8 (iRDsuseing tgdhisterodder. dnothife SHafimEg ithe
the first mode, the control apparatus 9 controls the second drive system 5

spetifiveatiasiz\ah theiMeasuceneniniede iroitfie: eoaade msysiart e Idm@ning
second drive system 5 can adjust a servo gain (gain coefficient) with
exigspecbiaibehneasyiSimeant imfhrnatior opébeiennadea system 14. The
control apparatus 9 sets the servo gain in the first mode to a substantially
constahie/atunedndode perdarmbeihe danfithg sxposuge grothe: athd\Aot area
118 In addition, in this embodiment, when the shot area SH not including
Skhiandpdaifiatarepedifi dascannecchnld ex piogadodea cahfoolthp panaiig: @ geisure of
the servo gain to a substantially constant value. The control apparatus 9
arcaetr N\ (feedl thaaklicospeolfitharesdronfitheivkosystarfh, andhedrasid mbthaised
measurement result of the encoder system 14 5 and performs the
foscanssagnéxpoespreuon dhthshpiafieanshi TAN thdatkewhandydrslibisarea SH of the
embodiment, in the second mode, the measurement information of the
subnicadd? systametidhisl raposeh prdl dhedyeasuiegthatinfarmatiaot thah
interferometer system 12 is used. In the second mode, the control
regypyearatihe Oxgontnelsight EL, the control apparatus 9 controls the second drive system

5 in the first mode when the area NA is exposed. In addition, when the specific area TA
is exposed, the control apparatus 9 controls the second drive system 5 in the second mode.
That is, the control apparatus 9 makes driving of the substrate stage 1 by the second drive
system 5 in a state where the area NA is scanned and exposed different from that in a
state where the specific area TA is scanned and exposed.

In this embodiment, the measurement information of the encoder system 14 is
used in the first mode. In this embodiment, in the first mode, the control apparatus 9
controls the second drive system 5 on the basis of the measurement result of the encoder
system 14. The second drive system 5 can adjust a servo gain (gain coefficient) with
respect to the measurement information of the encoder system 14. The control
apparatus 9 sets the servo gain in the first mode to a substantially constant value and

performs the scanning exposure on the area NA.
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(feed back control) the second drive system 5 on the basis of the
measurement result of 10 the interferometer system 12. As described
above, the control apparatus 9 controls the second drive system 5 so as
to drive the substrate stage 1 on the gelgis of the measurement
information of the encoder system 14 In a state where the area NA is

being scandied@ng @xpesdddibhe cantpiapgareius $ Horole iesegend
drive system 5 on the basis of the measurement 15 information of the

speiBTierenereissysiamdlhdeafiale, waeientha speailiccverd hiéssbRif@ain to a
scanned and exposed. Then, the control apparatus 9 changes the control

subKegieisnyesoigtaiivalite supsteaitrslagpakatlbstdsnthgsneas berRmenitrol) the
information of the encoder system 14 is used for driving the substrate

sestagediive thaaaoingexposuretenacatiorattnecsulpsirate fhcdber system 14
However, for example, when the measurement information of the encoder

arslypéeforid ihe sbmoiimat dpissiectbe wefaaii(@dssice of the foreign matter)
of the scale member T2, when measurement error occurs in the encoder

systendi4haothswhandhia aicedtogysian id sheavogidiesdd)ddhgeasurement
position of the substrate stage 1, the measurement information of the
infotetferanidtee Yysiater b3siemsker §afod lividg thetse batialiecsiagei dfo2ddrion of the
this embodiment, the control apparatus 9 can switch the measurement
infelRronfierenatioresedifarseltivirig the substatediate dofrooh gppaatuhe controls
encoder system 14 and the interferometer system 12 to the other system
(feadadkicdiedf geaswimglahit expasing dhelshaisarefithdnafthecsuhstradelt of
P. In this embodiment, when a state is changed from the state where the
thaiaeN&kimseannpadmnid.exposed to the state where the specific area 5 TA
is scanned and exposed, the control apparatus 9 switches the
measukerieatibafoaheatiotheiseatfor drpaingitie cubsirateestagad drom dheem 5
encoder system 14 to the interferometer system 12. In addition, when a
sosiate idrisleaheeabioire thegstdtenwhe bathefspe aiftasareamdiA isfeoantied of the
and exposed to the state where the area NA is scanned and
encoder system 14 in a state where the area NA is being scanned and exposed. The

control apparatus 9 controls the second drive system 5 on the basis of the measurement
information of the interferometer system 12 in a state where the specific area TA is being
scanned and exposed. Then, the control apparatus 9 changes the control mode so as to
drive the substrate stage 1.

That is, the measurement information of the encoder system 14 is used for
driving the substrate stage 1 in the scanning exposure operation of the substrate P.
However, for example, when the measurement information of the encoder system 14 is
abnormal due to the defect (existence of the foreign matter) of the scale member T2,
when measurement error occurs in the encoder system 14, and when the encoder system
14 cannot measure the position of the substrate stage 1, the measurement information of
the interferometer system 12 is used for driving the substrate stage 1.

In this embodiment, the control apparatus 9 can switch the measurement
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exposed, the control apparatus 9 switches the measurement information
used for driving 10 the substrate stage 1 from the interferometer system
12 to the encoder system 14. In other words, when the control mode is
changed from the first mode to the se fg1d mode, the control apparatus 9
switches the measurement information used for driving the substrate

inféagetbiraredfier dRcoale feysipikd (o the interforaetae systeit 1ystém 14 and
addition, when the control mode is changed from the second mode to the

thinskéreaenthe 1pcanrokapRasaivs JswiichescthtJnragwemant and exposing
information used for driving the substrate stage 1 from the interferometer

theysiemrd29H bralenangdensyBlem bis Bagheaibalappanalutal sethaabéddrom
time of switching or before switching, the output coordinates of the

thereneamsystamald O AHe doiarfarometapsysieontie swifichhare thisepkaiitRrarea
switching, such that the output coordinates of the encoder system 14 and

TAhie 2QnAtey il Br@iake8yaietodiZos ubptaniially eardiyyehatitradineeneiht
switching between the first mode and the second mode. In this
infmbadomasddthe orpnne thef wortiawng getweaan the adtpldt cparainbias ofe
the encoder system 14 and the interferometer system 12 is made to differ
inadrfb®titer gy siaen IRitchingditdrontheHeist Radd dolihesse cand mosatandhaite the

the time of the switching 25 from the second mode to the first mode. In
spethiit weidRA ésconmnestianiprguesdingthe Stamariiee betweaNhesadtpued and
coordinates of the encoder system 14 and the output coordinates of the
exipbeste ndomedarrsy spparddsi sraddéo wiffercatthenitmea ddthaswvitetiddor driving
from the first mode to the second mode and at the time of the switching
thirembdhetseagad finodehtoitina firsimaedeydein tisetbentinientyistdhel4. In
switching from the first mode to the second mode, a coordinate
othenweaik) gvheaahss isiskohadanikichatize dfitputtbo Grdinatels af thesecond mode,
interferometer system 12 are set to be matched with the output
theeordinbippahtinederveinder dystermsiement information used for driving the
substrate stage 1 from the encoder system 14 to the interferometer system 12. In
addition, when the control mode is changed from the second mode to the first mode, the
control apparatus 9 switches the measurement information used for driving the substrate
stage 1 from the interferometer system 12 to the encoder system 14.

The control apparatus 9 sets, at the time of switching or before switching, the
output coordinates of the encoder system 14 or the interferometer system 12 which are
used after switching, such that the output coordinates of the encoder system 14 and the
interferometer system 12 substantially continue at the time of switching between the first
mode and the second mode.

In this embodiment, the manner of continuing between the output coordinates of
the encoder system 14 and the interferometer system 12 is made to differ at the time of

the switching from the first mode to the second mode and at the time of the switching

from the second mode to the first mode. In other words, a connection processing
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On the other hand, in the switching from the second mode to the first
mode, a 10 phase connecting process is used in which the output
coordinates of the encoder system 14 are set using the output
coordinates of the interferometer system 12 and the phase information of
the encoder system 14. FIG 19 is a schematic view illustrating the
mepedicRar atessputiecswiieingr flernaRive senirnl ahdhasoinpiiate
stage 1 performed by the encoder system 14 to a 15 servo control of the

coustiaiesttaga nkpriionped Sy the interfananeldiffysie Mcldmand ike thatching
switching from a servo control of the substrate stage 1 performed by the

fronietfe mnetrks Ystein sk2dtda iy ancontint ahibosthesiratensigdeom the second
performed by the encoder system 14. In FIG 19, the horizontal axis

m8hevwstpositionsmdeoordinates) regarding the Y axis direction in one shot
area SH, and the vertical axis shows the 20 measurement error (positional

error) of the embodienh&)sianhd 4vanshihe fitierfasainateiodysiane ebdid mode, a
addition, the line LI shows the measurement values of the encoder

codydinme bénasdithepioect i shosis ihehioralsel rmpantvaddieates tfahe
interferometer system 12. Further, the line Lle shows the abnormal values

inafrfb®eecodessystnrtdaavsednbylibe fdrrige oiapiercvbelinties of the encoder
connection process is not carried out. 25 When the shot area SH is
syseannéd and exposed, a sampling clock (control clock) 121 for the
positional control of the substrate stage 1 is generated at a predetermined
generadiothéiming b:ndaindciiee saviphiing €loaktimeasum@medi clabk)fer thede, a
measurement of the encoder system 14 (and the interferometer system
phb2} > genenaigadatss s ededdmvihach gererptiotobndingthd Sf thEieat,ode system
connection process (coordinates connecting process) in the switching
14ramsthesepubeontpal od thdiisubstrbtieesiagectgperfarnyettinyl thendnheganse
system 14 to the servo control of the substrate stage 1 performed by the
infioterferanidtee systedar k4swith id. described. The control apparatus 9
performs a preprocessing for the connection process
FIG. 19 is a schematic view illustrating the connection process in the switching
from a servo control of the substrate stage 1 performed by the encoder system 14 to a
servo control of the substrate stage 1 performed by the interferometer system 14, and in
the switching from a servo control of the substrate stage 1 performed by the
interferometer system 12 to a servo control of the substrate stage 1 performed by the
encoder system 14. In FIG. 19, the horizontal axis shows positions (coordinates)
regarding the Y axis direction in one shot area SH, and the vertical axis shows the
measurement error (positional error) of the encoder system 14 and the interferometer
system 12. In addition, the line L1 shows the measurement values of the encoder
system 14, and the line L2 shows the measurement values of the interferometer system
12.  Further, the line L1e shows the abnormal values of the encoder system 14 caused

by the foreign matter when the connection process is not carried out.

When the shot area SH is scanned and exposed, a sampling clock (control clock)
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at each control clock (CS). At the measurement clock (MS), the control
apparatus 9 10 monitors both the output signal of the encoder system 14
and the output signal of the interferometer system 12. At the control clock
(CS) in the area NA, the control appalﬁq.ls 9 obtains the positional
coordinates (X, Y, OZ) of the substrate stage 1 on the basis of the

fomaapeeiioant cestdt of the wbseaRI &y ank bénantabiainsdhadasiianal
coordinates (X', Y', 9Z') of 15 the substrate stage 1 on the basis of the

gomaasbramant Eesulinal tRenipleifermrietaicsyatement 2160k deitian nib&surement of
control apparatus 9 derives a differential value between two positional

theeatdimates (ot Y4 QA andi e ri¥rofd tbrlnyadditian,ithe senateal Appaeteisrmined
9 derives a differential moving average MAK {(X, Y, OZ)-(X", Y', 9Z")} from

gdigapoadatennimgd number of clocks in the area NA, which is stored as a
coordinate offset O. 20 When the area NA is exposed, the control

apparfius pertmasihesecees goodidinafcheosubsiiaisiage) Inusingvihiching
position coordinate (X, Y, OZ) which is obtained on the basis of the

fronedsuremesbnastbiahthabneoderagysieRb4mEt @ caiikelagpasatusiP14 to the
performs the connection process (coordinate connecting process) from

seifve enaeslasfsystarsirdttosthe: intesfaroneetby systarmriczomertcexasugie] 4indll be
122 second control clock, the output signal of the encoder system 14 is
deasdbaded Thbeoativlosppataand the-fotiishipecfrantibia e faatie ceystenvhprocess
to the interferometer system 12 is assumed to be carried out at timing of
ataduistcoloak ttuviediziely befidkerntioessannad docitr@/idnake kothislcggarats 9
the second control clock, the control apparatus 9 adds the 5 coordinate
mofisetsthoathibb isiptoreidrai iy shcodéralysleak inmediatelyeafammihef the
second control clock, to the positional coordinates (X', Y', OZ') of the
insubistraiastageelny Mhich is obtained on the basis of the measurement
result of the interferometer system 12, so that the positional coordinates
(X', Y' AD#} avatnoatdbeld (WEh ithehpasitional daocdinatesppdraty Z)toditisethe
substrate stage 1 which is obtained on the basis of the
positional coordinates (X, Y, 0Z) of the substrate stage 1 on the basis of the measurement

result of the encoder system 14, and obtains the positional coordinates (X, Y’, 6Z’) of
the substrate stage 1 on the basis of the measurement result of the interferometer system
12. In addition, the control apparatus 9 derives a differential value between two
positional coordinates (X, Y, 0Z) and (X’, Y’, 6Z’). In addition, the control apparatus 9
derives a differential moving average MAk {(X, Y, 02)-(X’,Y’, 62’)} from the
predetermined number of clocks in the area NA, which is stored as a coordinate offset O.

When the area NA is exposed, the control apparatus 9 performs the servo control
of the substrate stage 1 using the position coordinate (X, Y, 6Z) which is obtained on the
basis of the measurement result of the encoder system 14.

The control apparatus 9 performs the connection process (coordinate connecting

process) from the encoder system 14 to the interferometer system 12. For example, at a
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10 measurement result of the encoder system 14 at the control clock (first
control clock) immediately before the second control clock. Therefore, the
output coordinates of the interferometer system 12 are set to be matched
with the output coordinates of the enc@er system 14. As described
above, the output coordinates of the intérferometer system 12 are set at

setlim secand cosikotidasiandi afiebthiresecodd copisal clogkadhigneneasifie

area 15 TA is scanned and exposed on the basis of the measurement

abhderpRtan aftbeittiridaiometercsystmsidempectticalyinirib® sRegiigstem 12
area TA, the control apparatus 9 performs the servo control on the

is suhsitedashrgardivdibutelenanae &9 ier-pesdianaintaeidinasefo[OtheYse€d49
+0] which are corrected by the coordinate offset O. When the foreign

comadiesn zldispasadt onstharshalemamnésiirb? dotke theasitrernappirdisayedds the
of the encoder system 14 (each of the heads 48 and 49) in a state where

cdheiposittinal Cowtirihok thersuhstiat € siagm ttobdestarmmiactiacthe leffective
stroke range on the basis of the measurement value of the encoder

seSYRERntfb] I8 GO MY HepRaiatiis SHaditahes e neeBureMedtvitedttage 1,
be used for the positional control of the substrate stage 1 from the

wGRRUBIARY Value: D4RUb e HREsBRGREREYSiesN thé tadherdadter system 12,
measurement value output from the interferometer system 12. In this

sotmReskipsntidha QR feorsinatesof ieineiiREaMaicIRYSieMokdiare

corrected so as to continue to the output coordinates of the encoder

co%YﬁIﬁE’t‘e&ﬂ?@‘ﬁ‘éﬁ%?%@ﬁfBEﬁ S ‘g&“i'\iﬂﬂchTiL‘SB% Sa Wihan %L%i‘él%?‘fﬁéc

area TA is exposed, the control apparatus 9 obtains the 5 positiona

m&fﬁ%&%f?{‘r&f tlkt]%fsttﬁgsfl:té%ﬁesrt ?e%qoflttﬁ%}%aféﬁc?ﬁ”c‘ﬁéﬂ?@?&rgéﬁ%f clack)

value output rrom erometer system e control apparatus

infifSdRATE grﬁ%fé?@{ﬂé%%%%ﬁ%%%?ﬁ%%ﬂ@él&°”Yﬁéré%%égﬁ'ﬂ‘e%‘&é% _ PU&&&%&%?& of the

ubstrate stage asis of the positional ormati Next, t

EOSHIEL S A PSR IO 0 o
sﬁyéﬁem.lzz&g Hagcribed above, the output coordinates of the interferometer system 12
are set at the second control clock and, after the second control clock, the specific area
TA is scanned and exposed on the basis of the measurement information of the
interferometer system 12.  Specifically, in the specific area TA, the control apparatus 9
performs the servo control on the substrate stage 1 with reference to the positional
coordinates [(X’, Y’, 0Z’) +O] which are corrected by the coordinate offset O.

When the foreign matter is disposed on the scale member T2 in the measurement
area of the encoder system 14 (each of the heads 48 and 49) in a state where the
positional control of the substrate stage 1 is performed in the effective stroke range on the
basis of the measurement value of the encoder system 14, the control apparatus 9

switches the measurement value to be used for the positional control of the substrate

stage 1 from the measurement value output from the encoder system 14 to the
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servo control of the substrate stage 1 performed by the encoder system
12 will be described. For example, at a fourth control clock, the specific
area TA is assumed to move to a position not overlapping with the
projection area PR. The control apparlaztys 9 is assumed to switch the
servo control from the interferometer syStem 12 to the encoder 15 system

médbateth Bthvanrilplagkoaiteicthedaurimeantsptelacke. Thia aavéalbodiment, the
apparatus 9 sets the output coordinates of the encoder system 14 using

ol esitanalendPimation fimdier@slehO] Datprbifanrdhe intesfesametero the
system 12 of which the offset is corrected and the positional information

odpiineneRdess systenenbédEossramplanthe giastiopabirfgignatiathifdhe
substrate stage 1 in the XY plane 20 (X axis, Y axis, and OZ directions) is

Tiehtabiedwsinghatsieastithiea TaddsxAssdmingctiatopasiianas(X o¥adis the
three heads are (pi, qi), (p2, g2), and (p3, g3) in the XY coordinate

psystan,inbendtienssiastr atd stagesthgs pasitinebaspothcoridinaiesn(Xalie
0Z), the measurement values of three heads can be theoretically

ogppr éssedhtha falferwingteeguations2(|ATe Cba)o2 aphratufp) caf) s+
(gi - Y) cos9Z...... (1A) 124 C2=- (p2 - X) sinOZ + (qz - Y) cos9Z...... (1B)

(cEidimug) IheXppsirMdl tdaBol Yhsirdzent cddito) IdTatposibomnakcoareinatese basis
supplied from the interferometer system 12 are substituted for the

ofqimyltanenias iafprations (IA) to (1C). Solving the equations, the 5
measurement values to be output from three heads are calculated.
Therefseat.the oviputticngicioaiebitbesineode pysiesy) bd saitching from the
obtained on the basis of the output coordinates of the interferometer

sesysiamtiR of ke cobsroltappatatys @earédrhystbniinitiédreatiagsgstdhel 2 to the
encoder system 14 using the obtained output coordinates of the encoder

sesystamtid of thAebshadiftagohpelfolackd thetlvoatoldappa@iusl 9 will be
performs the servo control

described. For example, at a fourth control clock, the specific area TA is assumed to

move to a position not overlapping with the projection area PR.  The control apparatus 9
is assumed to switch the servo control from the interferometer system 12 to the encoder
system 14 at a fifth control clock after the fourth control clock. The control apparatus 9
sets the output coordinates of the encoder system 14 using the positional information
[(X*,Y’, 6Z°) +0] output from the interferometer system 12 of which the offset is
corrected and the positional information of the encoder system 14.

For example, the positional information of the substrate stage 1 in the XY plane
(X axis, Y axis, and 0Z directions) is obtained using at least three heads. Assuming that
positions (X, Y) of three heads are (pi, q1), (p2, q2), and (p3, q3) in the XY coordinate
system, when the substrate stage 1 is positioned on the coordinates (X, Y, 0Z), the
measurement values of three heads can be theoretically expressed the following
equations (1A) to (1C).

Ci=-(p1—X)sinbZ + (q1 — Y) cosOZ...... (1A)
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by the encoder system 14. Therefore, the output coordinates of the
encoder system 14 are set before the fifth control clock. After the fifth
control clock, the scanning exposure is performed on the area NA, on the
basis of the measurement informatiori 1 the encoder system 14. 15 As
described above, according to this embodiment, the foreign matter on the

upper guHace of thessegreimgmbey di@an be detected using the

detection system 13. In addition, according to this embodiment, the

drivingtgf:ﬂg&s_uﬁggggzstja%%; Qgrsfgl@zedb élye second drive system 5

is controlled on the basis of the detection information of the detection

Systef&ﬂéﬂ@sm&{zl'99&?&55‘[%@@%@&1&&%QH@E’E&%P&&HQ%V ¢Em 12 are

Therefore, 20 for example, in consideration of the foreign matter on the

suBSEIGAETNGE TandiGcONY Q) TIRSR A')‘%os(‘ilt%t.ra@o%%!ﬂ{tﬂei_%&%%@%e

so that the position measurement of the "substrate stage 1 using the scale

mBAEMAGEAS AN RERAIHRNFLSANHRL QYeHe Rk SARER)) OF e RIRSHR G utput

stage 1 can be favorably performed. Therefore, according to this

RIS NG RREIN gasUEMENS AL MG ST USR8 Anpdhe

positional 25 control of the substrate stage 1 can be performed in a state

coBRAFGINS FHRShRIHOR IR0 dem Matters SHRRIESSEHal Qrﬁéﬁ&#siﬁn initial

possible to suppress the degradation in movement performance of the
seRhSHRIASIAYELr TRLRIQIE SKRORLID BN CRILRE SHRRIRRSed TR ncoder
occurring, and device error can be suppressed from occurring. In addition,
rging to this embodiment, since the positional information of 5 the
substrate stage 1 in the XY plane is measured by the encoder system 14

which Ragang9th %ﬁffﬁiﬁémcﬁ%ﬁﬂi%ﬁﬁ%@ﬁ%ﬁﬂat&% TEAHEMBRSYAI ontrol

the measurement can be performed with high accuracy while the effect of

bﬂﬁéleﬁ&agpg{iﬁ&&m SURRIERSEMth & GABHNERERAREHTM NG o dBE system 14

fourth embodiment will be described. In the description below, the 10
arSAASGORABY RIRALERMNMSINS agiBPER e ARAHRIRGNIRNED fiffie

embodiment are

S

exposure is performed on the area NA, on the basis of the measurement information of
the encoder system 14.

As described above, according to this embodiment, the foreign matter on the
upper surface of the scale member T2 can be detected using the detection system 13. In
addition, according to this embodiment, the driving of the substrate stage 1 performed by
the second drive system 5 is controlled on the basis of the detection information of the
detection system 13 in the middle of scanning and exposing the substrate P. Therefore,
for example, in consideration of the foreign matter on the scale member T2, the control
mode of the substrate stage 1 is changed, so that the position measurement of the
substrate stage 1 using the scale member T2 and the positional control (movement
control) of the substrate stage 1 can be favorably performed. Therefore, according to
this embodiment, the position measurement of the substrate stage 1 and the positional

control of the substrate stage 1 can be performed in a state where the effect of the foreign
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designated by the same reference numerals, and the description thereof
will be simplified or omitted. In the third embodiment described above, the
control of the second drive system 5 is performed in the first mode on the
basis of the measurement result of th 2%ncoder 15 system 14, and the
control of the second drive system 5 is performed in the second mode on

miie8gsispfdiednedsisreron))iraspdssbibeo Bipiararnaiek syaigMdnl & movement
However, the fourth embodiment is characterized in that the servo gain

pel@aim saefigigR i iespagt 1to tTadntasympentddasnaiiobedfuhgessed from
encoder system 14 is changed in the second mode. The second drive

oRYISERIY, arthdeaiditisihangr) shspaared gaim (@aiteeefficient) 20 with

respect to the measurement information of the encoder system 14. The

controlnapgaraiyaladiaghe ses\w@ndaiiitinsiiist mopesiacn gulasdamtiaby of
constant value, and performs the scanning exposure on the area NA. On

ththaibitieehang, the ¢eXvlmpparaibisadueantpkh i GrIdosgauiin 4hehich has a
second mode to be smaller than the servo gain in the first mode. That is,

gdbe tontrerappasiitsredardiagnioiadieusaivor galndntberspedific:aicead Ae
to be smaller than that in the area NA of 126 the shot area SH. In this
peefobnelinment hilhk servagairhifettie séfeonolf miodedauaeadio zBeing Thppricssia.
the second mode, the measurement information of the encoder system 14
is subsFkantidllgbodecentherefore, in the specific area TA, the servo gain
becomes zero. In this embodiment, in the second mode, the servo control
of the Bighstraéed @iafenbddisdormatteyddseriiecondidtheadsystipnion islet, the
carried out. The control apparatus 9 can stop the servo control of the
sagubstrajei sidge donipeneontnolthpyeairaths ooemantiobadyisutilsodansat are
control of the substrate stage 1 performed by the second drive system 5
dasighetspbyeific anes T&dreibe middiel Qfdink tbeaening texposucefof ihdskiaiplified
area SH including the specific area TA. 10 In this embodiment, the control
orapparatus 9 changes the servo gain in the
In the third embodiment described above, the control of the second drive system
5 is performed in the first mode on the basis of the measurement result of the encoder
system 14, and the control of the second drive system 5 is performed in the second mode
on the basis of the measurement result of the interferometer system 12. However, the
fourth embodiment is characterized in that the servo gain (gain coefficient) with respect
to the measurement information of the encoder system 14 is changed in the second mode.
The second drive system 5 can adjust (change) the servo gain (gain coefficient)
with respect to the measurement information of the encoder system 14. The control
apparatus 9 sets the servo gain in the first mode to a substantially constant value, and
performs the scanning exposure on the area NA.
On the other hand, the control apparatus 9 controls the servo gain in the second

mode to be smaller than the servo gain in the first mode. That is, the control apparatus

9 controls the servo gain in the specific area TA to be smaller than that in the area NA of
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specific area TA in the middle of the scanning exposure of the shot area

SH including the specific area TA. The control apparatus 9 makes the

servo gain small when the specific area TA passes through the projection

area PR. The control apparatus 9 set%ége servo gain with respect to the

measurement information of the encodér system 14 to zero in a 15 state
thwhigreatee SHeCifie dieanibbiimeitsthiected faithe SeaniBglaxpas iy seeiddzero.

drives the substrate stage 1 without using the measurement information
Tigftheis o seioaysiac] the T subskatenstagatibois drilerritode spaeifid 4 is

area TA in the middle of the scanning exposure of the shot area SH
sulbludinigytheuspecifithaie foleAiwithoifeu g the TMans Weevoanti ibecaiatiorero.

of the encoder system 14. 20 In this embodiment, in the middle of the

scanninglgxpamod Bthicshe aeadioot the subsiaienBd] tieheanibolrate stage
apparatus 9 sets the servo gain to a predetermined value in the middle of

1 fhefseanhingtexpasiie @i ibeyatea BlA aoddrivesdhe sdbstoatarslag®akatus 9
using the measurement information of the encoder system 14. When a

castatepishehangecbiien ohbstats idie seafirel scartidrgexoppieadidivadaseaot
NA is carried out to the state where the 25 scanning exposure of the

caspesifictareavicimtal ¢ theuyihieacositigd dprai@iusdbsats the ditlldses\wystem
gain to zero. In the middle of the scanning exposure of the specific area
5 iAhthyesifhisirateTstageht miodds ovitiosdapaing ey misuibe Seik/shooateal SH
the state where the servo gain is zero. The servo gain returns to a
inphetietaiainedivielaeavhien a state is changed from the state where the
scanning exposure is carried out on the area NA to the 5 state where the
scanninglexpatudinscaarted ouidmnpparspsdfthatges The sEheseafiein ithe
the middle of the scanning exposure of the area NA, the substrate stage 1
spctitvereUSiin the middkusé the stanfong atipos oicthe tbe sholearsy StHnimdiding the
Also in this embodiment, the position measurement of the substrate stage
sptcafid athe Positibhakoontiodgidiaes Ohstiate thagevb gaimbenpkfdrenebeinpecific
a state where the effect 10 of the foreign matter is suppressed. Therefore,
artta T pgssislethootighphegs the degaactaBBn - The control apparatus 9 sets the servo
gain with respect to the measurement information of the encoder system 14 to zero in a
state where the specific area TA is not subjected to the scanning exposure, and drives the
substrate stage 1 without using the measurement information of the encoder system 14.
The substrate stage 1 is driven in the specific area TA in the middle of the scanning
exposure of the shot area SH including the specific area TA without using the
measurement information of the encoder system 14.

In this embodiment, in the middle of the scanning exposure of the shot area SH
of the substrate P, the control apparatus 9 sets the servo gain to a predetermined value in
the middle of the scanning exposure of the area NA and drives the substrate stage 1 using
the measurement information of the encoder system 14. When a state is changed from

the state where the scanning exposure of the area NA is carried out to the state where the

scanning exposure of the specific area TA is carried out, the control apparatus 9 sets the
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in movement performance of the substrate stage 1. Therefore, exposure
error can be suppressed from occurring, and device error can be
suppressed from occurring. Further, in this embodiment, the servo gain is
set to zero. However, the servo contr ay be carried out on the
substrate stage 1 in a state where the Servo gain is setto 15 be smaller in

seife speaidicarea TideompRIIedVitb dbatnn i poead\s¥ 8@ SpcastIMREESA, the
the influence of the foreign matter. Further, in the above-mentioned third

subbglafeurtiz e MbodineniBoutiiteying KX ERSWE SRAHEOLR SR, statteditatethe
sequence (detection sequence) SB for the foreign matter detection is

sepvo\igiads The Comtiolsappasaiisetheantpapesar it iriectine Ahaperations
of the foreign matter, for example, in the exposure sequence SA. For
chaxgsiplemvhe adgitiatiyhef dnasinpsikpiasii’ Rreaseelientiadlyhsubiecies to the
to the exposure operation, the detection operation of the foreign matter

st@dwiberpeitoscasning paaiet e aiteasbar partief she-#xpasuEAPeTabAfter, in
using the detection system 13 for each interval period of every exchange

thehih®i kubSthate Rinithe:spbsiraise stageed Npatis, @dchdiengaged shegtaf using
25 the substrate P is subjected to the exposure operation. In this case, in

thpatialieltarifhie kZ8rmxpesvreteperalien sikeaetaction operation of the
foreign matter may not be carried out on the entire surface of the scale
membaisban Thiateisbindpacatiahtophetexposus ercopgiadiohe thebsteiectiage 1 and
operation of the foreign matter is carried out on a part of the scale
theneswitiend12;canditbé ttetediiante peratideof bhedoiaigpdiatictann where the effect
remaining 5 portion of the scale member T2 may be carried out in a period

ofahtifvectghendhanithapprpesiire Dhatdtion inithe expesureppagueteedeyridation
a period of time in the above-mentioned foreign matter processing
insequanest parfdditiory, tiehitningtefi¢hea gete ctifie aferatopeiiteefaneign be
matter is not limited to each time one sheet of the substrate Pis subjected
sujopthes@k fosure aparatiand Theidetectianaoperappressal/ berh®panfonned
at each predetermined time interval, such as each time a predetermined

Further, in this embodiment, the servo gain is set to zero. However, the servo
control may be carried out on the substrate stage 1 in a state where the servo gain is set to
be smaller in the specific area TA compared with that in the area NA so as to suppress the
influence of the foreign matter.

Further, in the above-mentioned third and fourth embodiments, unlike the
exposure sequence SA, a dedicated sequence (detection sequence) SB for the foreign
matter detection is provided. The control apparatus 9 can perform the detection
operation of the foreign matter, for example, in the exposure sequence SA. For example,
when a plurality of the substrates P are sequentially subjected to the exposure operation,
the detection operation of the foreign matter can be performed, in parallel to at least a
part of the exposure operation, using the detection system 13 for each interval period of

every exchange of the substrate P in the substrate stage 1, that is, each time one sheet of

the substrate P is subjected to the exposure operation. In this case, in parallel to the
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number of the substrates P are subjected to the exposure operation, or
each time a predetermined time lapses. In addition, in the
above-mentioned third and fourth embodiments, the upper surface of the
scale member T2 passes through theﬁgtection area AF of the detection
15 system 13 during the substrate stage 1 moves from the first substrate
expeshiangeRosiionCRita dhe pxaasH e pasiian mRmanredrdbingdie: carried out
substrate stage 1 moves from the exposure position EP to the second
orstesdngie exghaneetpostitnidndbef merefanenttheidpiegtianoperatipyat
the foreign matter on the upper surface of the scale member T2 can be
opeesf et ifetbaivridperaisnoving the-subsiiate stageidd 30t lonadpitiosy, ine
the above-mentioned third and fourth embodiments, when the substrate P

schrlghembae BRIbsidate: skapaibdiopisposedfandier¢kg)eciion archdRnafititg
projection optical system PL which is the illumination area of the exposure
pdigloh bk (ibscgesitionedredtionshipheivdean tha peojedtton ptichtisysie e
PL and the detection system 13 is determined such that at least a part of
expesseadpdngivwer the ipispasedwnibeo? fndepecivadrvatiacAr ttthe
detection system 13. Therefore, the control apparatus 9 can 129 perform
abihve: datadiiaadofoesatiomatdhpréessignenajiencs thi upgeiosytfeaenththef the
scale member T2 using the detection system 13 in parallel to the
desxisuoperppatidnhef filrei subattatesRotiiaddiion ciclihéme one sheet of the

above-mentioned third and fourth embodiments, when the 5 substrate P
subsicherPthesbibstedte shegs fJoimidispesatbon thaddiection apestbihaay be
alignment system 15, the positional relationship between the alignment
pessat@nt hb anh phaldeiadied tiystenerldljswudtasmickdisuchirdtaiteastia
part of the scale member T2 is disposed on the detection area AF of the

nutebecidthsysiemals.  hersibjesttdacdrirolpmppar ajisad @arorpaciorimée
detection operation of the foreign matter on the upper surface of the scale

pré@eragnibet ddkipgthe detection system 13 in parallel to the detection
operation of the

In addition, in the above-mentioned third and fourth embodiments, the upper
surface of the scale member T2 passes through the detection area AF of the detection
system 13 during the substrate stage 1 moves from the first substrate exchange position
CP1 to the exposure position EP and during the substrate stage 1 moves from the
exposure position EP to the second substrate exchange position CP2. Therefore, the
detection operation of the foreign matter on the upper surface of the scale member T2 can
be performed in the middle of moving the substrate stage 1.

In addition, in the above-mentioned third and fourth embodiments, when the
substrate P held on the substrate stage 1 is disposed on the projection area PR of the
projection optical system PL which is the illumination area of the exposure light EL, the
positional relationship between the projection optical system PL and the detection system

13 is determined such that at least a part of the scale member T2 is disposed on the

detection area AF of the detection system 13. Therefore, the control apparatus 9 can
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alignment marks of the substrate P. The detection operation of the foreign
matter on the upper surface of the scale member T2 (plate member T)
can be performed in the exposure sequence SA including the exposure
operation of the substrate P. In this CE] 8 the detection operation of the 15
foreign matter may be carried out on the entire surface of the scale

pefembeik Tt @neopRaricst (Renad)of theexpo s aseguanaceh danstale
the detection operation of the foreign matter may be carried out on the

meniixe Turishe; ehidhrtscals Mseher 3TA wutheelathgleraoss¢eperation bothe
the exposure sequence SA. Furthermore, the detection operation of the

sulsyigignmatter may be carried out on the entire surface of the scale 20
member T2 in a part of the exposure sequence SA and the

abovetmantiaogdiiatRigboveatten frace ssirihse quenten Boddeiiar, when the
detection operation of the foreign matter is performed in the middle of a

supkadei e fiukeshape katondeftigethesekpesisempapdiascabiha-qubsiiatel f3nment
in which the moving operation of the substrate stage 1 from the first

systébstrafeneehangaelpasitinip GRtlvteihecen posuwat Rositian Enhdnbetbdetection
detecting operation of the alignment of 130 the substrate P are included.

syWwhien 3he dereigimsibitehishdeietiad inpthiisoddiection mpeataiidr, iheisposed on

control apparatus 9 can change the control mode of the substrate stage 1
thbefacetite axpoduod tpetatonoafhecsuld3tratEhBreloradditioonfen appangies 9 can

when the detection operation of the foreign matter is 5 performed in the
penfigeiatef doe@ipospretpe tHtthe fok¢he sudnstrate tReaughheuidnetgor the scale

matter is detected by the detection operation, the control apparatus 9 can
mehdeg® 2heigotiizelamodenofythensuBstratadielge fhindhecrivddipeedtibe of the

exposure operation of the substrate P. In addition, the control apparatus 9
aligronateatekistofaheinpbitapplratus through 10 which an operation signal

can be input to the control apparatus 9. For example, when

The detection operation of the foreign matter on the upper surface of the scale
member T2 (plate member T) can be performed in the exposure sequence SA including
the exposure operation of the substrate P. In this case, the detection operation of the
foreign matter may be carried out on the entire surface of the scale member T2 in one
operation (period) of the exposure sequence SA, and the detection operation of the
foreign matter may be carried out on the entire surface of the scale member T2 in the
other periods (operation) of the exposure sequence SA. Furthermore, the detection
operation of the foreign matter may be carried out on the entire surface of the scale
member T2 in a part of the exposure sequence SA and the above-mentioned foreign
matter processing sequence.
In addition, the detection operation of the foreign matter is performed in the

middle of a predetermined operation before the exposure operation of the substrate P, in

which the moving operation of the substrate stage 1 from the first substrate exchange

position CP1 to the exposure position EP and the detecting operation of the alignment of
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an operator inputs an operation signal by the input apparatus, the
detection sequence may be performed. Further, for example, the input
apparatus includes a keyboard, a touch panel, an operation button, and
the like. In addition, for example, whe 61e detection sequence is
performed many times 15 at a predetermined interval, the detection

thepebatian ofikeadengign. maviesm sHeadaime thaferd Jiisteated iantkealeRpesn
surface of the scale member T2 in the nth detection sequence SB. Then,

opérifiednthé kbiriegtianseqaeasehihe delectinnpasation me thoiateigage 1
matter may be performed on a second area on the upper surface of the

besoaleHP exposiirt dpbiraddibomdrubaabkore-mentioned third and fourth
embodiments, the foreign 20 matter on the upper surface 18 of the

measureaenica@e cemploeviaie cedietsipthepcigieatomisysiesizd Sadfler is
addition, the driving of the measurement stage 2 can be controlled on the
pdefsia&l ihendeteddiernfese bhbiieedgieciion sysiersubdrir ®iditiohe fordhia
embodiment, the foreign matter on the upper surface of the reference
miteribekdtdt tlydingi¢the tiefespacsi giatitgcdbieaniaudaieoteshusinget e
detection system 13. 25 Further, in the above-mentioned third and fourth
coamnblodisientxhit moaythes k&lgecbifigieraeddklicbitiat éhposortigiappatattichd
measures the positional information of the substrate stage 1 in the XY
supkangeusing the encoder system 14, and at the same time moves the
upper surface of the substrate stage 1 (plate member T) with respect to
the ddteadidin @rehidonddheppateatsohisysiaracisl so asitpyrenpamtinethrough
detection operation of 5 the foreign matter on at least a part of the upper
whistfaceopé tireopsitena emibier ihpant thbteons dheppasitiorof ther iexaigpie, when
matter in the XY plane on the basis of the detection result of the focus
andgiectionisyste nn dPeamibihe gmaldsythereptreppiiratithehedeadensystprnce may
14. Alternatively, it may be configured such that the control apparatus 9
benpeetouiesl theFyrdsitidoatiniopteaticni ofibh eppabstratectidge dkisy thard Ya touch
plane using the interferometer 10 system 12, and at the same time moves
paing, wppgresuitadenabthasutistidte. stage 1 (plate

In addition, for example, when the detection sequence is performed many times
at a predetermined interval, the detection operation of the foreign matter is performed on
a first area on the upper surface of the scale member T2 in the nth detection sequence SB.
Then, in the (n+1)th detection sequence, the detection operation of the foreign matter
may be performed on a second area on the upper surface of the scale member T2.

In addition, in the above-mentioned third and fourth embodiments, the foreign
matter on the upper surface 18 of the measurement stage 2 can be detected using the
detection system 13. In addition, the driving of the measurement stage 2 can be
controlled on the basis of the detection result of the detection system 13. In addition, in
this embodiment, the foreign matter on the upper surface of the reference member 44
including the reference grating 45 can be detected using the detection system 13.

Further, in the above-mentioned third and fourth embodiments, it may be
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member T) with respect to the detection area AF of the detection system
13 so as to perform the detection operation of the foreign matter on at
least a part of the upper surface of the plate member T, and obtains the
position of the foreign matter in the XY, plane on the basis of the detection
result of the focus detection system 13 and the 15 measurement result of

cohednierfarempierystanol 2pitnen indhardbavepaenteneatiirt@stof the
fourth embodiments, the description has been made such that the

supesitionaldafiormatomopthe substiidteestagerlywhiahiis, maasuieddyetige
interferometer system 12 (second interferometer unit 12B) is not used for

mihe alignippat peiationiansch e /RO e ghamtiembétne sulbsEaiecto the
but mainly used 20 for the calibration operation (that is, correction of the

ddReashitesIenF wlthe)Ridbeoangoder 1Sysientdpetiomensy ddi€tion operation of
measurement information (that is, at least one of five pieces of the

thp dsitipmahintormatiore st thpa aribetbep¥r axisadbehe phactcabertheafd
direction) of the interferometer system 12 may be used for the alignment

ohnpakatiepadiddnefakpdstuigroparaiidn oktieyplhsératati2. Basikisf the detection
embodiment, the encoder system 14 25 measures the positional

rebuflovheieofoafsthersithsiratastape dhdnibieedirestions authefXht 3 cedis system
the Y axis, and the OZ directions. Then, in the alignment operation and

14he Adxpostivel pRenadipbeafdhkesubs tiatk RaadtonghaolaiphrafiffPemeasures the
measurement information of the interferometer system 12, only the

pRasahalfintannaiion tregalding asdipectiantHe X ¥xd nnpl esitpethX mideatiomn:ter
and/or the QY direction, which is different from the 5 measurement

sydisactiansndaaxis, s¥naxibnanno®@ dicagirsudhtiee pdsitiobstrinéctmatiDiplate
of the substrate stage 1 obtained by the encoder system 14 may be used.

médibendi)jwelih ritkpepositibadeintoimatienAEgHrdie ddieet dinestions (thab is; @t
least one of the X axis, Y axis, and OZ directions) similar to the

penfeasuherdent tne ofioratbbrilvd dredodepsysieter bd aniaysbe psedf the upper
addition, the interferometer system 12 may measure the positional 10

suirffernod tionpditthe &rdiee @tiandofibensubspaséistagetie fortighaaseeithethe XY
positional

plane on the basis of the detection result of the focus detection system 13 and the

measurement result of the interferometer system 12.

Further, in the above-mentioned third and fourth embodiments, the description
has been made such that the positional information of the substrate stage 1 which is
measured by the interferometer system 12 (second interferometer unit 12B) is not used
for the alignment operation and the exposure operation of the substrate P, but mainly used
for the calibration operation (that is, correction of the measurement value) of the encoder
system 14. However, the measurement information (that is, at least one of five pieces of
the positional information in the X axis, the Y axis, the 60X, the 0Y, and the 6Z direction)
of the interferometer system 12 may be used for the alignment operation and the
exposure operation of the substrate P. In this embodiment, the encoder system 14

measures the positional information of the substrate stage 1 in three directions of the X
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information in the Z axis direction may be used for the alignment operation
and the exposure operation of the substrate P. Further, in the
above-mentioned first to fourth embodiments, the foreign matter is
detected over the entire upper surfac &f the scale member by the
detection system, but 15 the |nvent|on iS not limited thereto. The foreign

axRafiRrMayastetnced andvima pPama e nsheirephikm analthe

member. In this case, a part of the scale member on which the foreign

eXPESE gsteatiandpraniedait Medas atieast arangs QR formation of

encoder beam is illuminated in the exposure sequence. Further, in each

theTRRIIBEREIESS EB?SQQ%Y? B%@&ﬁtﬁl@ﬂﬁmﬁ%{d—%ﬂ% QRFIGEE VAL HYR, for
ers

sheets of the plate-like mem OA and 30B, but the invention is not

eﬁ%‘ﬁ?&' HREIRQi O RCAIE RRBRAF Jit-0n bemontioyied gl aRsshret of

the plate-like member and the diffraction grating may be formed directly

m8£kﬁ?een%é%?8{r§&r fo%%eﬁ 0 Rt ‘%%d@?’ﬂﬁ@éu&ﬁ%d&‘ g&?&ggﬁa}ﬁt‘&&anon

grating IS orme e upper surface of the scale”’member, an

otective f th|n f| prov edo the uppe
qu{le Substr Eﬁe %%e Feg)g aln 2 {ﬁ igf né%l)éue usecP Ah erl}atlvely,

surface O mem 0 as Itlo(trans em remernt |Ig

the q%ﬁ%alﬁt?fo%r%% 10A1'18r% e?f d 4?}1’ gl}gcatt the ff{actu%l? gr%tln%gp ﬂYel%?aX
presse ama t|on instead of conflgurlng he substrate

sta h that the sc Ie mber T2 is attachal Iet etoo
axaetac#%“ diRcansinarss sut%%ﬁartwtaaeeé% iisction gl memnﬁadef sypism 14

be |nt lly formed. Th is, the diffraction grati be directly formed
Ephe et S e b H%htonal
Eue scale #r T21s d| sed on the substrat éa e 1,a
S i L1 o0 TS I Ry 15 iR ignal
ositianal. mED ation ﬁff the substrate stg e 1 bu .the |nvent|on is not

infXRRAH ARAPE, 2 PQRIESF YO R BSISE OGS ilt‘tﬂgl%% ARHEO P the

includin the dlffr |onulgr:at|neqpcan also be dlsposed on the

exposure operati
easuremen stage d8Rcoder system 14 can measure the

Further, in the above-mentioned first to fourth embodiments, the foreign matter
is detected over the entire upper surface of the scale member by the detection system, but
the invention is not limited thereto. The foreign matter may be detected only on a part
of the upper surface of the scale member. In this case, a part of the scale member on
which the foreign matter detection is carried out includes at least a range on which the
encoder beam is illuminated in the exposure sequence.

Further, in each embodiment described above, the scale member T2 is formed by
two sheets of the plate-like members 30A and 30B, but the invention is not limited
thereto. The scale member T2 may be configured of one sheet of the plate-like member
and the diffraction grating may be formed directly on the upper surface of the plate-like
member. In addition, the diffraction grating is formed on the upper surface of the scale

member, and a protective member (for example, thin film) is provided on the upper
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positional information of the measurement stage 2 in the XY plane using
the scale member. The control apparatus 9 can operate the second drive
system 5 on the basis of the measurement result of the encoder system
14 and the detection result of the detel(étgon 15 system 13, and carry out
the positional control of the measurement stage 2. In addition, the

sudiRkecHpeysiambabansdeteas thadarieigie meitaraneiai IPPST thumacesofs, 48A,
the scale member which is disposed on the measurement stage. In

488l diti@aginshaaeipeermerbaneaiiishantdseappeteanbpdimeniadhe In
scale member of the measurement stage can be cleaned using the

adelRRNNG ARREGA LS S PHCHRSTHRS IBNINEKSi0A: ENE RIDE tHal tROSEAUEMesMIBFET? is
an operator can maintain the scale member of the measurement stage by

atwdhdbiRwhiag:tbemieastrdmendstaga, it ibsuaxpasdeaap pay atdfe mender may
the other hand, in the above-mentioned third and fourth embodiments,

bethexediitvinofefrileg. SUDBHELE tisdaliffrictisingihim geconbediiMe Sy Stemed canit least
be controlled on the basis of the detection information of the detection

a pyistemht3uBbtliteagidiiéon, the scale member including the diffraction
grating can also be 134 disposed on the mask stage 3. By disposing the

encodenstrgamwhislkododiiraaythethenl Seadenbre M ey dligpese diwthéhabstrate
mask stage 3, the mask encoder system can measure the positional
stagiormaidaheoéibederaskistaged thaadine HNeplane msinbeiE2saalenammberthe
disposed on the mask stage 3. In addition, a detection system can be
p@iduide dnfidriahtivcal titeadisteath stpasit dnakhisforveation ofibidipatterthereto.
forming surface of the mask M. Then, using the detection system, the
Sitaikigio thattebdiaposegeon thesndsknsiabe hchrnlidg tHedétedtibugheingrcan
each embodiment described above, the description has been made as an
alexbengikpidihahtihe scaleirambeardgsedispoledeanoidier sydsitialié stagecasure the
(measurement 10 stage and mask stage) which is a moving body, the

paittadelisystemoa dishosechanranpasitige Quippae portjdanefutiegstiesicale
stage) to face the scale member. However, the
member. The control apparatus 9 can operate the second drive system 5 on the basis of
the measurement result of the encoder system 14 and the detection result of the detection
system 13, and carry out the positional control of the measurement stage 2. In addition,
the detection system 13 can detect the foreign matter on the upper surface of the scale
member which is disposed on the measurement stage. In addition, in the
above-mentioned first and second embodiments, the scale member of the measurement
stage can be cleaned using the cleaning apparatus such as the immersion member 11.
Furthermore, an operator can maintain the scale member of the measurement stage by
withdrawing the measurement stage from the exposure apparatus EX. On the other
hand, in the above-mentioned third and fourth embodiments, the driving of the substrate
stage 1 using the second drive system 5 can be controlled on the basis of the detection

information of the detection system 13.

In addition, the scale member including the diffraction grating can also be
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configuration of the each embodiment described above can be applied to

an exposure apparatus in which the head of the encoder system is

disposed on the substrate stage, and the scale member (grid plate) is

disposed on a position (upper portion (31‘4the substrate 15 stage) to face

the head as disclosed in the specifica%lon of the US Patent Application
dibpic@pemPublizatioreNO. BORBsPI 30D diltatis, slageenriphavitiettivere the

detection system which can detect the positional information of the

scaly iaempditip seseatoaienbeld distilde SubstraiskstagRicangsive iaiei@Basure the
matter on the upper surface of the encoder system disposed on the

pSihsiie Biagricanbadeiaxscthiy 3he detRatipmsysteny. the acdiiarnibez0
the above-mentioned first and second embodiments, the upper surface of

ditheseacoedae hagdsear Be claanadddivsingdhectie@ansgapparnéys@ddeddingeh
to the detection result of the detection system. For example, as the
cableaningaphpPeimniliendomaiba osad paidMMeision sefeasiwiiahask M.
performs the cleaning using liquid, an air supply apparatus which has an
Thejectsdip postderdoiret thadiguitle fovaiguumi@ganisptssddrichenassa stagi@can be
25 port to absorb the air, and the like. On the other hand, in the
deaduay@-mentioned third and 135 fourth embodiments, the driving of the
substrate stage can be controlled according to the detection result of the
detectianthystaneaBlusihodimeachestribeditbent dasclibatbaboas theen made as
detection system (focus leveling detection system) 13 which can detect
arileeapgsitiandlandos saliomehtee sSuligescd oi the silkatiatetiy¢s(nrashiement
detect the foreign matter. However, a detection system different from the

stafetaationasistape 1 Shivhyi e pooviddsbay the expodtireysgeparatlispbédsn a

long as the foreign matter and the size thereof can be detected, so that
pdfie doreigpematteonmithbeubetectedaoy)thefdetelatiornkystamben adidivener, the

as the detection system 13, an imaging scheme may be employed. 10
configghertion efitie enchadimetihcasdribetbababeydhardesappliedthas bepssure

made as an example in that the defect of the scale member is the foreign
appatters éxistiichohethead of the encoder system is disposed on the substrate stage, and
the scale member (grid plate) is disposed on a position (upper portion of the substrate
stage) to face the head as disclosed in the specification of the US Patent Application
Laid-Open Publication NO. 2006-0227309. That is, there is provided the detection
system which can detect the positional information of the surface of the substrate held on
the substrate stage, and the foreign matter on the upper surface of the encoder system
disposed on the substrate stage can be detected by the detection system. In addition, in
the above-mentioned first and second embodiments, the upper surface of the encoder
head can be cleaned using the cleaning apparatus according to the detection result of the
detection system. For example, as the cleaning apparatus, there may be used an
immersion member which performs the cleaning using liquid, an air supply apparatus

which has an injection port to inject the liquid, a vacuum apparatus which has a suction

port to absorb the air, and the like. On the other hand, in the above-mentioned third and
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scale member. However, even when the defect is a scar, the configuration
of each embodiment described above can be employed, so that exposure
error can be suppressed from occurring, and device error can be
suppressed from occurring. 15 Furth r3§n each embodiment described
above, a projection optical system PLis” configured such that the optical
fopathepiibei light miting sidefimagspanesside cah thecdinalieptisadording to the
element is filled with the liquid. However, there may be employed a
ddseiRe RRUOPSCAlSYStRMoIN syhtigh.the optical path of a light incident side
(object plane side) is also filled with the liquid, as disclosed in the
specifigaitiber ah iR ated 26 Ap akisaitibad Labiel €) plenRisalioatisRtiin (focus
2005-0248856. Further, in each embodiment described above, the liquid
lel€Ding datet it ya dig )it athemtban dbe weate porajohel useamAsdmefligidicurface
LQ, it is favorable that the liquid be capable of transmitting the exposure

ofligbtsEbsand Pas a¢eflediveinhlefoas fighatsr. poHSIREeantldststabliesydttm
respect to the photosensitive film which is formed on the 25 projection

ditetiaalfaysiem astedausiatanoi shasubspateideonhenrrappesas Wppliguid EX as
LQ, 136 there may be employed hydro fluoro ether (HFE), perfluoro

lopg yethe (R m)afemblintheilice dasmwodchnibeatetberdikes d thadditi doredgn matter
the liquid LQ, there may be employed a liquid with a reflective index of

mapouidéibetodlby. theiditecsitesoptaal elamdditiinak optitataiementeaid.}, an
of the projection optical system PL which comes into contact with 5 the

inligiich k@ enaynie fosmaglofalmaterial of which the reflective index (for
example, 1.6 or more) is higher than that of quartz and fluorite. In
additidryrés:the kgeidehQodinvan elys afibkddbofar, exadepleipsigpdiasieal made as
fluid may be employed. In addition, for example, when the exposure light

anbdx asnb R lmsindighet difecF2f thsecdlghictoba motheasscilaromghdhexwateron the
Therefore, as the liquid LQ, it is favorable 10 that a liquid be capable of

sctienaemibiery tdHihecker)asen kghin Har dtacnple, stagrihated fiigidasioalofisach
perfluoro polyether (PFPE) or fluorinated oil can be employed. In this

embodiment described above can be employed, so that exposure error can be suppressed

from occurring, and device error can be suppressed from occurring.

Further, in each embodiment described above, a projection optical system PL is
configured such that the optical path of the light emitting side (image plane side) of the
final optical element is filled with the liquid. However, there may be employed a
projection optical system in which the optical path of a light incident side (object plane
side) is also filled with the liquid, as disclosed in the specification of US Patent
Application Laid-Open Publication No. 2005-0248856.

Further, in each embodiment described above, the liquid LQ is water, but a
liquid other than the water may be used. As the liquid LQ, it is favorable that the liquid
be capable of transmitting the exposure light EL and has a reflective index as high as
possible, and is stable with respect to the photosensitive film which is formed on the

projection optical system or the surface of the substrate. For example, as the liquid LQ,
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case, a portion coming into contact with the liquid LQ is subjected to a

lyophilic treatment by forming a thin film with a fluorine-containing

material with a low polarity, for example. 15 Further, in each embodiment

described above, the projection area ';:f% on which the exposure light EL

is illuminated via the projection optical System PL has been described as
thaf eRdasengiRy dadydioglthentical BKS)Apeiflibe yehatiie! tpeiPihe fomblin

projection optical system PL. However, the exposure area may be an
oirdeawsoatesinet thechidinglihgdanpiisalAxhsimilad o@ gerealiag bilinagyped a

reflective refraction system 20 which has a single optical axis and is

liquiavided vvith et aplicRksySieou(efection sysiemerotheediaitioBlsy e final
which has a plurality of reflection surfaces and forms an intermediate
optiagelahtensél. jiotehapdigclasedphicie gpeaaiitatinicaicbiads into contact with
International Publication No. 2004-107011. In addition, in each
themdpadim@mhdebefibeseakrventheriiusfinalontaseaflRR @rdinddxiifor example, 1.6
projection area PR have been described to have a rectangular shape, but
ortheisyariighel Farshoblititad: ther€loofter examplzidheskhapkqguiay O a
an arcuate shape, a trapezoid shape, or a parallelogram. In each

vaelvgadimedt desesibeglabayerthie desuripton rschggoysiade as an

example of the exposure apparatus which is provided with the projection
opticallsystétiom Bk ekipnydyarhiietievaipioo oraldéghb&lappliethteraight, the F,
exposure apparatus and an exposure method in which the projection

lagptligaltsistenvPiass modwgetheBvanrthchighefued) & roleptionQpiicalfavorable
system PL is not used, the exposure light is illuminated on the substrate

thwia diouopthead apebiehel tsarcimitsi @glengeaid dber inginersion spacplés fluoriadted
between the optical member and the substrate. 10 Further, in each

flethbadi meprrtasosibely &bev @ RRE dastuptiondibs bearbmadelagedn In this
example in that the exposure apparatus EX is the immersion exposure

caappapattion coming into contact with the liquid LQ is subjected to a lyophilic

treatment by forming a thin film with a fluorine-containing material with a low polarity,

for example.

Further, in each embodiment described above, the projection area PR on which
the exposure light EL is illuminated via the projection optical system PL has been
described as an on-focus area including the optical axis AX in the visual field of the
projection optical system PL. However, the exposure area may be an on-focus area not
including the optical AX similar to a so-called inline type reflective refraction system
which has a single optical axis and is provided with an optical system (reflection system
or refraction system) which has a plurality of reflection surfaces and forms an
intermediate image at least 1 time, as disclosed in the specification of PCT International
Publication No. 2004-107011.

In addition, in each embodiment described above, the illumination area IR and

the projection area PR have been described to have a rectangular shape, but the invention
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However, the exposure apparatus may be a dry exposure apparatus for
exposing the substrate P without passing through the liquid. In addition, in
each embodiment described above, the exposure apparatus EX 15 may
be an EUV exposure apparatus for exny ing the substrate P using
extreme ultraviolet light (EUV) in a dry X-ray band. Further, as the

is s siatedRIRidhe edoh ambpdimentdgsciiasdahouruiierhipeapplipdaid
semiconductor wafer for manufacturing a semiconductor device, and as

shiel| 8sa patarssubstrate for a display device, a ceramic wafer for a
thin-film magnetic head, a 20 mask used for the exposure apparatus, or

an origined@laiatsyineatid«vared stive) twafenriitnaticl®cdsithide as an
exposure apparatus EX, besides a scanning exposure apparatus
ex@aprNghStappel)d A siefpanBrSc anpsehicinbwixvine prisjecaaskpcandystem
the substrate P are synchronized and moved for scanning and exposing a
PlpattBiswel thetisaskeiti éh prajebliapplie € xpOs ur GRPARRIS(IePREhiBxPosure
step-and-repeat scheme may be applied in which the 138 pattern of the
meteskilvhis kol leetively @xposedcin sy siatePulieitthsamaskMmihdipe such a
substrate P are stopped, and sequentially step-moves the substrate P.
prajsaiishtbpticabey stdne I thenexpasi)idapparaitsligit is dlsteppesd thethe substrate
position of the stage holding the substrate is measured by the encoder,
visaithgititid imaaberenctnk arteisdurdcththienaie Bibucip@iton fsraugpbessesh the
from occurring, and the positional control of the stage can be performed
optiithl g becuidcle Fubstharenore, on exposing in the step-and-repeat
scheme, a first pattern of a reduced image may be transferred on the
substratetRet) Singatiee priopebtient eleticabsy ateive itha d&tade prioarkathiecéinahade as
pattern and the substrate P are substantially stopped. Thereafter, 10 a
arseconplpattdrn diethepaduceshimageENaiy tie partiatiyoovermpopechpptidias.

first pattern using the projection optical system in a state where the
Heseeooad thatteproame dhpasathstiiate he a dry exposure apparatus for exposing the
substrate P without passing through the liquid.

In addition, in each embodiment described above, the exposure apparatus EX
may be an EUV exposure apparatus for exposing the substrate P using extreme ultraviolet
light (EUV) in a dry X-ray band.

Further, as the substrate P of the each embodiment described above, there is
applied a semiconductor wafer for manufacturing a semiconductor device, and as well as
a glass substrate for a display device, a ceramic wafer for a thin-film magnetic head, a
mask used for the exposure apparatus, or an original plate (synthetic quartz, silicon
wafer) of a reticle.

As the exposure apparatus EX, besides a scanning exposure apparatus (scanning
stepper) in a step-and-scan scheme in which the mask M and the substrate P are

synchronized and moved for scanning and exposing a pattern of the mask M, a projection

exposure apparatus (stepper) in a step-and-repeat scheme may be applied in which the



are substantially stopped, so that the reduced image may be collectively
exposed on the substrate P (collective exposure apparatus in a stitch
scheme). In addition, the exposure apparatus in the stitch scheme may
be implemented as an exposure appalr?éus in a 15 step-and-stitch scheme
in which at least two patterns are partially overlapped with each other on

pdiesubgieaten fk andsexprsadelang poscauhsikeie: Wik sctdenik VoY ese
In addition, the invention may be applied to the exposure apparatus in

subktiah: IVrerP@pk RRHKAMS QuensN eizesoobsthe substtaterviaA® in the case

projection optical system, and one shot area is twice exposed almost at

wHa e SHEN& PORErbY e seaRRING £¢PeSH eh@poRidisolosed iy Eelding the
specification of US Patent No. 6,611,316. In addition, the invention may

subetRpP] echdas arpdMiMHE/axpPAsUES appaiainsRutkadnireaior due to the air
projection-aligner. In addition, the invention may be applied to the

flexpasoasapparadusiineniwitustage dypehprevidashitoamplwatiy ahge can be
substrate stages, as disclosed in the specification of US Patent No.

pcbf3dica0vitthe gpaeifieation of US Patent No. 6,400,441, the 25
specification of US Patent No. 6,549,269, the specification of US Patent

No. 6,5901E3Mho13Dribempatifiaationtep-hsl Papemt dNaebc2 AdiA0 paana tiex
specification of US Patent No. 6,262,796. In addition, the invention may

rebiecap phirddonthebexpositkaappacais noyie ©disvighie pajabtioafdpecal system
substrate stages and the measurement stages. In addition, the 5

ininent ovhenayhbdiayp phedrioaiibtbx poisitrat@ppacails inaiatng gypydneThereafter,
substrate stage. As for the kind of the exposure apparatus, it is not limited

a tecthel @xpesucd tippaiatesitangoanufdetpringide miedapipriorielaheefiis pattern
which exposes semiconductor element patterns on the substrate P.

usH@wiey erojtigiex ppsided Spraiaius sty wikeye dedy ctropdgmeate dral sheasianrate P

exposure apparatus for manufacturing liquid crystal elements or 10
ardigisyatiall astappedpostha dpparhics] fonapanufabiicslie thivefiiraxipesdson the

imaging elements (CCD), micro machines, MEMS, DNA chips, reticles, or
submasks P (collective exposure apparatus in a stitch scheme). In addition, the exposure
apparatus in the stitch scheme may be implemented as an exposure apparatus in a
step-and-stitch scheme in which at least two patterns are partially overlapped with each
other on the substrate P and exposed, and the substrate P is sequentially moves.

In addition, the invention may be applied to the exposure apparatus in which two
mask patterns are synthesized on the substrate via the projection optical system, and one
shot area is twice exposed almost at the same time by one scanning exposure, as
disclosed in the specification of US Patent No. 6,611,316. In addition, the invention
may be applied to a proximity exposure apparatus and a mirror projection-aligner.

In addition, the invention may be applied to the exposure apparatus in a twin
stage type provided with a plurality of substrate stages, as disclosed in the specification

of US Patent No. 6,341,007, the specification of US Patent No. 6,400,441, the

specification of US Patent No. 6,549,269, the specification of US Patent No. 6,590,634,
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In addition, in each embodiment described above, an ArF excimer layer
may be used as the light source apparatus for generating ArF excimer
laser light as the exposure light EL. Alternatively, for example, as the light
source apparatus, a high frequency 1§3generating apparatus may be used
which includes a solid laser light source such as a DFB semiconductor

thiagRicHi@tdihesiass P ammeplicd, 208plieramhthaspevalersih oS ariesanNe.
outputs a pulse light with a wavelength of 193 nm, as disclosed in the

6,3p2gdication of US Patent No. 7,023,610. Further, in each embodiment
described above, there has been used the optical 20 transmission type

mask i whighoa, predetenndnaddight biptisangonatiexpdoira pirsaupatieried
photosensitive pattern) is formed on the light transmittable substrate.

wittowpNheilitnstadd aithigmaskethere imayhsuieeda vagable fermiigon, the
mask (which is also referred to as an electronic mask, an active mask, or

in@entidageagaereisplied fovlidaix pobian Spasan Pattelinoodyeieclidttrate stage.
pattern, or a light emitting pattern is formed on the basis of 25 electronic

data of\3 patteskiodad axpogeduaspisalassdinsthe: speicticatine efpdsure
Patent 140 No. 6,778,257. The variable forming mask includes a kind of
appMiduidioital aiMiaroamig GeRRvcd) ddiicleiscat ovhieisgivecivag e disjleyr
element (spatial light modulator). In addition, as the variable forming
clenask, phis motdiniie sutss tiaee DM H bué visistRadxpoteeRpHaratus may be widely
non-emissive image display element may be used as described 5 below.
intpé@cthedndsvo asuasivpdmnagepgisptay felemanifis @ eldigeid doysspatiatints or
modulating an amplitude (intensive), a phase, or a state of polarization of
ditpéalighir trame krgadsuee prgdeiarnfinad ainéatiorin A shihefilrarnsals siongipe
spatial light modulator, an electro chromic display (ECD) can be
clexempliieDbasides ihelirans MENS) DNA khipd, etydtal displak{LCD). In
addition, as the reflection type spatial light modulator, other 10 than the
aboveimahtianadbédt), enredidiation dekedbadrayg e refldafiforx typerdigyet may be
crystal display element, an electro phonetic display (EPD), an electronic
uspdpetrtifeliglecisorie apparatus for generating ArF excimer laser light as the exposure

light EL. Alternatively, for example, as the light source apparatus, a high frequency
generating apparatus may be used which includes a solid laser light source such as a DFB
semiconductor laser or a fiber laser, an optical amplifier, and a wavelength converter, and
outputs a pulse light with a wavelength of 193 nm, as disclosed in the specification of US
Patent No. 7,023,610.

Further, in each embodiment described above, there has been used the optical
transmission type mask in which a predetermined light blocking pattern (or a phase
pattern, photosensitive pattern) is formed on the light transmittable substrate. However,
instead of the mask, there may be used a variable forming mask (which is also referred to
as an electronic mask, an active mask, or an image generator) in which a transmission
pattern or a reflection pattern, or a light emitting pattern is formed on the basis of

electronic data of a pattern to be exposed, as disclosed in the specification of US Patent
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ink), a grating light valve, and the like can be exemplified. In addition,
instead of the variable forming mask provided with the non-emissive
image display element, a pattern forming apparatus including a 15
self-luminescent type image display eigffpent may be provided. In this
case, the illuminance system is not necessary. Here, as the
Ne&eHf1aRIgscenid wRei Ablagerainiyaya tlemiitefarnexasiaavid ChRdital
(Cathode Ray Tube), an inorganic EL display, an organic EL display
ML ERi O grivicd)ight Erniting Dissdedivarhidl displaycrmbi? displaylight
field emission display (FED), a plasma display panel (PDP), and the like
m6anlfer20 axepliiedasniroditiablea®dimengatidtminseanihipg kmageDMD, but
display element provided with the pattern forming apparatus, a solid light
inSeudcss eitDMBINg b plealtyvefiiapiniss oiimeatsali bghtsouser altiped
array in which a plurality of chips are arranged in an array shape, or a
bdight salkas ihehustingronevehaeicefdssiisiralenierwhion al@hsalityrafpatially
luminescent points are produced maybe used. By electrically controlling
mbtiachd lghihddiaals cea pasgenphay e fameds purihentihe sakd light
source element may be 141 inorganic or organic. In addition, the

tranyENg om apaydatsmbigedphtiediéa. the\exposursrappmiatyse iiagagiiymodulator,
system) which exposes the line-and-space pattern on the substrate P by

arfetectng chionterfiespnee i ecan bthe stihplititd Bssidediselos@dniistien type liquid
specification of PCT 5 International Publication No. 2001-035168. As

croestdbethalb¢®))thelexddaive, apdaratbisddonanpiaptiiadibyt assémhbngther
various kinds of sub systems including the respective components so as

thtm secuibeveneehdonical BSEDrack fRladircalraacaiagya asftbctienmtigsd liquid crystal
accuracy. In order to secure these various kinds of accuracy, before and

disgley thenasseabilagroharenatie dapled GiRIHead @ladjustimeapdo@cheemogic

the chemical accuracy on various kinds of chemical systems, the
inkyjugtnrerg figphachieyjngdhieehikehanicataaapiEoydon various kinds of

mechanical

In addition, instead of the variable forming mask provided with the

non-emissive image display element, a pattern forming apparatus including a
self-luminescent type image display element may be provided. In this case, the
illuminance system is not necessary. Here, as the self-luminescent type image display
element, for example, a CRT (Cathode Ray Tube), an inorganic EL display, an organic
EL display (OLED: Organic Light Emitting Diode), an LED display, an LD display, a
field emission display (FED), a plasma display panel (PDP), and the like can be
exemplified. In addition, as the self-luminescent type image display element provided
with the pattern forming apparatus, a solid light source chip having a plurality of
luminous points, a solid light source chip array in which a plurality of chips are arranged
in an array shape, or a light source including one sheet of substrate in which a plurality of

luminescent points are produced may be used. By electrically controlling the solid light

source, a pattern may be formed. Further, the solid light source element may be
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systems, and the adjustment for achieving the electrical accuracy on
various kinds of electrical systems. The assembling procedure from the
various sub systems to the exposure apparatus includes mechanical
connecting, connecting electric circuiﬁs‘l\{ia 15 wirings, connecting
pneumatic circuits via pipes, and the like. Before the assembling
inpresad wieotanidhese various kinds of sub systems to the exposure
apparatus, it is a matter of course that the assembling procedure of each
sub systaaieEaHisH @t A iaaycasbetinglibe @ssemblingiRrosaduse;
from these sub systems to the exposure apparatus, a total adjustment is
(ligaspeghputysehy andtis ddpoke OfROGhE agkl AR Gepatieth a5 the axpasty® BO
apparatus. Further, the manufacturing of the exposure apparatus is

fopiigferabhn eafeiedcoHingaon eansidamais Waichiitie dedipehatysecaithtion of PCT
cleanness are managed. As shown in FIG 20, a micro device such as a

InsgmicongduriplicleisaeNs. roanufagtesed through Step 201 in which
functions and performance of the micro device are designed, Step 202 in
which tedsiaskddeticley, immnapdastiipgaamih & basiafat fine 2Zbydssigibling
step, Step 203 in which a substrate is manufactured as a base material of
vdiieul 4z2n dievicab Sier204niclvdinghtib ecsplisiratedmpoacessecthbyoaecure
substrate process (exposure process) including the exposure of the
méctstiateansthdbe dxperutedightogsingdaheatkapaiteracgccandindetadkecure
above-mentioned embodiments and the developing of the exposed
thesisirades Sieps 202dounbicibéhadavice s dssesphiddi(igaleingrénarried out the
machining 5 process such as dicing procedure, bonding procedure,
adpackagin®piccediire tletcheBiegd a206rkoy t@stngoanklitide dikehdmidhiesyirems,
each embodiment described above, the conditions may be properly
thelatjuninedt. flor aclditidng alleahtivh ahdeiinenia@nohtherdiscldadses afddiGinical
Patents relating to the exposure apparatus cited in each embodiment and
sysadifjeddEtempjesare@doptetityibg the éhveritidnsaiss yoforaripastkofdkist
document. 143
electrical systems. The assembling procedure from the various sub systems to the

exposure apparatus includes mechanical connecting, connecting electric circuits via
wirings, connecting pneumatic circuits via pipes, and the like. Before the assembling
procedure from these various kinds of sub systems to the exposure apparatus, it is a
matter of course that the assembling procedure of each sub system be carried out. ~ After
completing the assembling procedure from these sub systems to the exposure apparatus, a
total adjustment is carried out, and various kinds of accuracy are secured as the exposure
apparatus. Further, the manufacturing of the exposure apparatus is preferably carried
out in a clean room in which the temperature and cleanness are managed.

As shown in FIG. 20, a micro device such as a semiconductor device is
manufactured through Step 201 in which functions and performance of the micro device
are designed, Step 202 in which the mask (reticle) is manufactured on the basis of the

design step, Step 203 in which a substrate is manufactured as a base material of the
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CLAIMS 1. An exposure apparatus which exposes an object with
exposure light, 5 comprising: a moving body which holds the object and is
capable of moving in a predetermined plane, and in which a scale
member including a grating is disposei%a measurement system which
measures positional information of the moving body in the predetermined
deviRBESUSHI T ING Sdale embLtilo s plelestiantsy starpswitcproedectsxposure
information regarding foreign matter on a surface of the scale member
probekd sizkioiih eiosejgRuRAtaticab AreleanngIRAPGRLS YWitiehdmhg a mask
capable of cleaning the scale member, wherein a cleaning operation is
paderfointeedd) thelsealw veandhtiohas e estansateaitDmeaiiiélopthe of the
detection system. 15 2. The exposure apparatus according to claim 1,
eXpbSIE N boealee 8 sy e03eINt SRR thdnRivide ssaR R AMNEE (iayRigmahavinG¢hining
head which is capable of facing the scale member. 3. The exposure
prapgaraitls acgelalingrdeccais) Bondidgfprtdedaenpoking: gprartiale, etc.), Step
apparatus which controls the moving body on the basis of 20
206 eastegime nind temiation of the measurement system and controls the
cleaning apparatus on the basis of a detection result of the detection
systenfufthdh énexohsuii @biperaids ateal ding 0 thkauondi tiwhe iaiy teproperly
control apparatus determines whether or not a cleaning operation on the
desealgnaemibehiklipeiionihed taa doeudasis aha detésityubthe UStdelians relating
system. 25 5. The exposure apparatus according to claim 4, 144 wherein
tottie egpdrairapppaaius pestbiinmsthe elleatiingno pedatiodifidibexansite @t adopted in
foreign matter detected by the detection system exceeds a predetermined
thadeeptableso as to form part of this document.
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value. 6. The exposure apparatus according to claim 4 or 5, 5 wherein the
control apparatus performs the cleaning operation when the amount of
foreign matter detected by the detection system exceeds a predetermined
acceptable value. 7. The exposure arl)Q?ratus according to any one of
claims 4 to 6, wherein the control apparatus performs the cleaning
operation when a position 10 of foreign matter detected by the detection
system is the outside of an acceptable area in a surface of the scale
member. 8. The exposure apparat@y ad0a8ding to any one of claims 4 to
7, wherein the detection system detects positional information of a surface
of the scale member regarding a direction perpendicular to the
predetermined plane as height 15 information, and wherein a size of the
foreign matieekpelsidespperheighhicfosrpaiionmf dbrclarveigoxpaiies.1ixhi he
exposure apparatus according to claim 8, wherein the detection system
catlypribmages at least a plurality of detection points 20 on the predetermined
plane with detection light. 10. The exposure apparatus according to any

one ofachadvia SHedy, wiidigiol theheostfal tapdasainsapry tdrmsviing tleaning
operation or change of a control mode of the moving body when the
préétegtidnesypiamn, detecisvidoigndnattremibicimdrididicacgepiable disfhged;
exposure. 25 11. An exposure apparatus which exposes an object with
exposurnedighteidnt cpneptisinghaneavrty pediionbichfboldsitheoddjechoving
and is capable of moving in a
body in the predetermined plane using the scale member;

a detection system which detects information regarding foreign matter on a
surface of the scale member and a size of the foreign matter; and

a cleaning apparatus which is capable of cleaning the scale member,

wherein a cleaning operation is performed on the scale member based on a
detection result of the detection system.

2. The exposure apparatus according to claim 1,

wherein the measurement system includes an encoder system having a head
which is capable of facing the scale member.

3. The exposure apparatus according to claim 1 or 2, further comprising:

a control apparatus which controls the moving body on the basis of
measurement information of the measurement system and controls the cleaning apparatus
on the basis of a detection result of the detection system.

4. The exposure apparatus according to claim 3,

wherein the control apparatus determines whether or not a cleaning operation on

the scale member is performed on the basis of a detection of the detection system.

5. The exposure apparatus according to claim 4,
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predetermined plane, and in which a scale member including a grating is
disposed; a measurement system which includes an encoder system

having a head being 5 capable of facing the scale member and measures
positional information of the moving tiﬂﬂy in the predetermined plane; a
detection system which detects foreign matter on a surface of the scale
membeticaegiehbiehapPapptisiictrisreanrilealialeapingitievacaler size of
member; and 10 a control apparatus which is capable of controlling the

foraingaaetiicasthetiagis defenrassyaneakiatamasiencaftifed acceptable
measurement system and controls the cleaning operation and change of

vadueontrol mode of the moving body, wherein the control apparatus
performs the cleaning operation and the change of the control mode when

the degectivie syptsurelgipsisioraign diatter idiiaht isrit acceptable in the
exposure. 15 12. The exposure apparatus according to claim 10 or 11,

whereinH$reiforieigiommatteppubial iscrobasehptablaiip theeexfaoswien the amount
includes foreign matter which renders measurement information obtained

offyrifigremaaded aystedrb uthidsiipte tiorconikaoh ekirednoprddedyintd.albgtable
exposure apparatus according to claims 10 to 12, 20 wherein the cleaning
vadperation is performed when detection information of foreign matter which
is not acceptable in the exposure exceeds an acceptable value, and
wherein thEhehapgeust tpeaarisakovadia ¢xpeaifpomedfwhenddadetection
information is equal to or less than an acceptable value. 14. The exposure
apparattsreiccokddogtiolclppardids pbriviekatin:tbie ahdiigcijmnandarmiation position
includes information of an occupation area of 146 foreign matter per unit
ofdrgaighimding dxgeosudrbyapalatusi acspsimg doharpnsive of alaims:pQHR area in
14,
a surface of the scale member.
8. The exposure apparatus according to any one of claims 4 to 7,
wherein the detection system detects positional information of a surface of the
scale member regarding a direction perpendicular to the predetermined plane as height
information, and
wherein a size of the foreign matter includes the height information of the
foreign matter.
9. The exposure apparatus according to claim 8§,
wherein the detection system illuminates at least a plurality of detection points
on the predetermined plane with detection light.
10. The exposure apparatus according to any one of claims 3 to 9,
wherein the control apparatus performs the cleaning operation or change of a
control mode of the moving body when the detection system detects foreign matter which

is not acceptable in the exposure.

11.  An exposure apparatus which exposes an object with exposure light,
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wherein the measurement system includes an interferometer system
which measures positional information of the moving body in the
predetermined plane, and 5 wherein the control apparatus is capable of
changing measurement information t?4ge used to control the moving body
from the encoder system to the interferometer system. 16. The exposure
conpfi@iaikls according to any one of claims 1 to 15, further comprising: 10
an immersion member which is capable of forming an immersion space
with aaliguidnp esuintesual Motbsaleustaee ahdhie sgalBlenamringhesein
the cleaning apparatus includes the immersion member. 17. The
predgesuifednaialusBircotdingatocalaimetthewhelaindbe gleaning disposed;
apparatus executes a relative movement between the 15 immersion

membghaasutiaeeAoOVIRE:hoaith erdRidte epmedate cpntachwiihdhehliglisking
in the immersion space and the foreign matter. 18. The exposure

cappbRrafdscacedicingltonataiied fndmidaswiae igisi tiva 4 adoingia@parabidsnoving
expands the immersion space in order to come into contact with the liquid
bdaythe tils pekienmspedernd; the foreign matter. 20 19. The exposure
apparatus according to any one of claims 16 to 18, further comprising: an
opticahriesdien wikcinewtiishidetexp dstaiglighittwyhereisutieéombesione
member fills an optical path of the exposure light between the optical
menehaher and the object so as to be capable of forming an immersion 25
space, at the time of exposing the object, with a liquid for exposure. 147
20. Thedxposy e paparatuis dcoorapagléoldirnniity whiberaln merithencistbn
space to be formed at the time of cleaning the scale
a control apparatus which is capable of controlling the moving body on the basis
of measurement information of the measurement system and controls the cleaning
operation and change of a control mode of the moving body, wherein the control
apparatus performs the cleaning operation and the change of the control mode when the
detection system detects foreign matter which is not acceptable in the exposure.
12. The exposure apparatus according to claim 10 or 11,
wherein the foreign matter which is not acceptable in the exposure includes
foreign matter which renders measurement information obtained by the encoder system
unusable in control of the moving body.
13. The exposure apparatus according to claims 10 to 12,
wherein the cleaning operation is performed when detection information of
foreign matter which is not acceptable in the exposure exceeds an acceptable value, and
wherein the change of the control mode is performed when the detection
information is equal to or less than an acceptable value.

14. The exposure apparatus according to claim 13,

wherein the detection information includes information of an occupation area of
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member is expanded further than an immersion space to be formed at the
time of exposing the object. 5 21. An exposure apparatus which exposes
an object with exposure light via an optical member, comprising: a
moving body which holds the object aﬂ%is capable of moving in a
predetermined plane, and in which a scale member including a grating is

fodisROaREeABEASYERRAENt system which includes an encoder system
having a head being 10 capable of facing the scale member and

measures pogitipakintosppatiaosaichedieviegnbody i1 thamsadetennined
plane; an immersion member which fills an optical path of the exposure

light beikeeein Heenapkicalmramiyseanthéheiebjadhwit @tigtits @wiehiswhich

capable of forming an immersion space; and 15 a cleaning apparatus
méhighseppaiciaiefiMEmaT &Raee dampedednvih shatetdrihigctirpRied, and

exposing the object and carries out cleaning on the scale member. 22.

The expasuie dpRanttoisappeiiding tamiBieod thingher mempisiegt idformation
detection system which detects foreign matter on a surface of the scale

torbembenoZdsollthe wxpastbeBppanatius acsaleingstontlrinh@thifufthanecter
comprising: a control apparatus which is capable of controlling the moving
sydegly. on the basis of measurement information of the measurement
system and controls the cleaning operation and change of a control mode
of the neovimMpdedhysutrergparthescrotial ap panatusnearfelaimihetcleéanimgher
operation and the change of 25 the control mode when the detection
cosypiingletects foreign matter which is not 148 acceptable in the
exposure. 24. The exposure apparatus according to any one of claims 18,
and 2Qund@dersion member which is capable of forming an immersion space with a
liquid in an interval with a surface of the scale member,
wherein the cleaning apparatus includes the immersion member.
17. The exposure apparatus according to claim 16,
wherein the cleaning apparatus executes a relative movement between the
immersion member and the moving body in order to come into contact with the liquid in
the immersion space and the foreign matter.
18. The exposure apparatus according to claim 16 or 17,
wherein the cleaning apparatus expands the immersion space in order to come
into contact with the liquid in the immersion space and the foreign matter.
19. The exposure apparatus according to any one of claims 16 to 18, further
comprising:
an optical member which emits the exposure light,
wherein the immersion member fills an optical path of the exposure light

between the optical member and the object so as to be capable of forming an immersion

space, at the time of exposing the object, with a liquid for exposure.
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wherein the immersion member includes a supply port which supplies a
liquid for forming the immersion space, and a recovery port which
recovers a liquid in parallel 5 to the supplying of the liquid, and wherein
the expansion of the immersion spac Agcludes a decrease in liquid
recovery amount per unit time using the recovery port. 25. The exposure

apparagls aueoeding de: appne Picdeinissld, aneh2®to 24, wherein the
immersion member includes a supply port which supplies a liquid 10 for

forming ibe iminensias SPASEaaN@ Bd eseNed POl Whichl igeaviarstRdigid
in parallel to the supplying of the liquid, and wherein the expansion of the
ménihersierspdee foakhdaeiamnincreassiin kghid t8heayraRDathp @intidf
time using the recovery port. 26. The exposure apparatus according to
exgayinneneloiRitns 16 to 25, 15 wherein the immersion space is filled with a
liquid for exposure at the time of the cleaning. 27. The exposure

apparaius aceerpogiio gnuens oflelhmedseimr 6bjadierrindhssure light via an

immersion space is filled with a liquid for cleaning, which is different from
opAitiguictfobexpasapraiat:the time of the cleaning. 20 28. The exposure

apparatus according to claim 27, wherein the liquid for cleaning includes

cleaningnyeieg towyhichich hoetiaterohied gaisi s aiadtdvechiowrate. a29.
The exposure apparatus according to any one of claims 16 to 28, wherein
prife themicl cof phenémnme iaiomhacecalechifiaaoiicigdiagy: yitacate iordizposed;
fluctuate relatively at the time of the cleaning. 149 30. The exposure
apparatugatcentingsis@nyvanehoinclathas dibeie &8 ywhetiainaaimaxineudbeing
value of a relative moving speed between the immersion
capable of facing the scale member and measures positional information of the moving
body in the predetermined plane;
an immersion member which fills an optical path of the exposure light between
the optical member and the object with a liquid, and is capable of forming an immersion
space; and
a cleaning apparatus which expands the immersion space compared with that at
the time of exposing the object and carries out cleaning on the scale member.
22. The exposure apparatus according to claim 21, further comprising:
a detection system which detects foreign matter on a surface of the scale
member.
23. The exposure apparatus according to claim 22, further comprising:
a control apparatus which is capable of controlling the moving body on the basis
of measurement information of the measurement system and controls the cleaning
operation and change of a control mode of the moving body,

wherein the control apparatus performs the cleaning operation and the change of

the control mode when the detection system detects foreign matter which is not
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member and the moving body is smaller at the time of the cleaning than
that at the time of the exposure. 5 31. The exposure apparatus according
to any one of claims 1 to 20, 22, and 23 wherein the detection system is
capable of detecting information regaﬂ'@g at least one of a size, an
amount, and a position of the foreign matter. 32. The exposure apparatus
aceeplling wampenaof claims 1 to 20, 22, 23, and 31, 10 wherein the
detection system is capable of detecting positional information of a

surface4of arnelkjgsiswhiabparheldebokenaying baeyf 3Bihbe &xpaseogo 23,
apparatus according to any one of claims 1 to 20, 22, 23, 31, and 32,
furthergerpiigiogmanather mevithg hetydwduduipgilerehitdnaupies a liquid
moving body, 15 wherein the detection system is capable of detecting
fofokai@immaida ronessisul tpace afriine feale:MeBtoerhidt eboisveispasad dm iheallel
another moving body. 34. The exposure apparatus according to claim 33,

towheseppliyiaclgandigqapparatus is capable of cleaning the scale member
of the another moving body. 20 35. The exposure apparatus according to
any onghefetlaimseipansibnwif elietinihersicalspanemigids dispsedstichquid
that a surface of the scale member becomes substantially flush with an

retppey auttace pirthe naawingibgdye 3ol bg @yposure apparatus according
to any one of claims 1 to 35, wherein the moving body holds the object

such that a Bhfagsoeiheppasleis2idortingan isndispesddlamsulsstandialiyto 24,
the same plane as a surface of the object. 150 37. A device
manufabititing i ethodrsomprisitgr @xposig auppbsisatewlsictgsipplies a liquid
exposure apparatus according to any one of
for forming the immersion space, and a recovery port which recovers a liquid in parallel
to the supplying of the liquid, and
wherein the expansion of the immersion space includes an increase in liquid
supply amount per unit time using the recovery port.
26. The exposure apparatus according to any one of claims 16 to 25,
wherein the immersion space is filled with a liquid for exposure at the time of
the cleaning.
27. The exposure apparatus according to any one of claims 16 to 26,
wherein the immersion space is filled with a liquid for cleaning, which is
different from a liquid for exposure, at the time of the cleaning.
28. The exposure apparatus according to claim 27,
wherein the liquid for cleaning includes cleaning water in which a
predetermined gas is dissolved in water.
29. The exposure apparatus according to any one of claims 16 to 28,

wherein the liquid of the immersion space and the moving body vibrate or

fluctuate relatively at the time of the cleaning.
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claims 1 to 36, and developing the exposed substrate. 5 38. An exposure
method of exposing an object with exposure light, comprising: measuring
positional information of a moving body in a predetermined plane by an
encoder system which uses a scale g1ber of the moving body holding
the object, moving the moving body, and exposing the object; 10

detectiy inforneaposuredppdingfoieignimatie aey ahsvrfacents thascale
member and a size of the foreign matter; and determining whether or not

the scalpaeambaniselieanathobithednasis aloiagdptedtiviwesuthe3Pahbsion
exposure method according to claim 38, 15 wherein the cleaning is

mpetermekhasving Bougubikafdietested foreign thwwdleipycerdstat at the time
predetermined acceptable value or when a position of the detected foreign

ofmattaipissiidhe outside of an acceptable area of a surface of the scale
member. 40. The exposure method according to claim 38 or 39, wherein

the cleaning s ehangesinppaanisakcoiede ©fdha yneiog dadysis t2Q0, 22, and 23
performed when foreign matter which is not acceptable in the exposure is
detectadierdih e dxpasii e yxethadabapasideteuni opj@acomiti expasiiteng at
light, comprising: measuring positional information of a moving body in a
lepresieiemisied, planedyntamengasier @y stahe fditdbrusase. scale member
of the moving body holding the object, 25 moving the moving body, and
exposity thehekjeptslelappaiantingdoraigy tnatteoon o sliifaca of foe22, 23, and
scale member; and performing the cleaning or the change of the control
3Imode when foreign matter
wherein the detection system is capable of detecting positional information of a
surface of an object which is held on the moving body.
33. The exposure apparatus according to any one of claims 1 to 20, 22, 23, 31,
and 32, further comprising:
another moving body which is different from the moving body,
wherein the detection system is capable of detecting foreign matter on a surface
of the scale member which is disposed on the another moving body.
34. The exposure apparatus according to claim 33,
wherein the cleaning apparatus is capable of cleaning the scale member of the
another moving body.
35. The exposure apparatus according to any one of claims 1 to 34,
wherein the scale member is disposed such that a surface of the scale member
becomes substantially flush with an upper surface of the moving body.
36. The exposure apparatus according to any one of claims 1 to 35,

wherein the moving body holds the object such that a surface of the scale

member is disposed on substantially the same plane as a surface of the object.
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which is not acceptable in the exposure is detected. 42. The exposure
method according to claim 40 or 41, 5 wherein the foreign matter which is
not acceptable in the exposure includes foreign matter which renders
measurement information obtained b)ﬁBe encoder system unusable in
control of the moving body. 43. The exposure method according to any

one ofydlaims Qi@ Ahnvheteihtheleanioeisieiigormed when detection
information of foreign matter 10 which is not acceptable in the exposure

exceedgpaniagaapinbiewyakigg ancewhriginapimchangeaihe eomtiobne of

mode is performed when the detection information is equal to or less than
claimaacemabiavalue. 44. The exposure method according to claim 43,

wherein the detection information includes information of an occupation

area ofiet8l $pieighdRapiesddeubpitaasea. 45. The exposure method
according to any one of claims 40 to 44, wherein the change of the

contropgnodenrebisaseaniibng ef ekpasurarobet tinfeirasiouite Intysed
for control of the moving body from the encoder system to an
cdfigfifergmeter system. 20 46. The exposure method according to any one
of claims 38 to 45, further comprising: forming an immersion space in an
intervahwithringydsie eflthd@aalgonembeiovitg e dguid; predéeroringdhigane by
moving body in the cleaning such that the liquid comes into contact 25
anvétlodber toreign wiattensd52 séale Tlvenxposthie imetngthadgdrditiggdeharbiect,
one of claims 38 to 46, further comprising:
moving the moving body, and exposing the object;
detecting information regarding foreign matter on a surface of the scale member
and a size of the foreign matter; and
determining whether or not the scale member is cleaned on the basis of the
detection result.
39. The exposure method according to claim 38,
wherein the cleaning is performed when the amount of detected foreign matter
exceeds a predetermined acceptable value or when a position of the detected foreign
matter is in the outside of an acceptable area of a surface of the scale member.
40. The exposure method according to claim 38 or 39,
wherein the cleaning or change in a control mode of the moving body is
performed when foreign matter which is not acceptable in the exposure is detected.
41. An exposure method of exposing an object with exposure light,
comprising:
measuring positional information of a moving body in a predetermined plane by

an encoder system which uses a scale member of the moving body holding the object,

moving the moving body, and exposing the object;
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forming an immersion space in an interval with a surface of the scale
member with a liquid; and 5 expanding the immersion space in the
cleaning such that the liquid comes into contact with the foreign matter.
48. An exposure method of exposing fa\ﬂobject with exposure light via an
optical member, comprising: filling an optical path of the exposure light

betwegastébengicalomamibar ang dingackbobject i narigeitdasa as to form

an immersion space; measuring positional information of a moving body in

a predgdgisniniad Mlaorin g eheeueh sy staft whieh Lusedavitéoreign matter
member of the moving body holding the object, moving the moving body,

whit Rxpasieg e Rbje iy i poeulig idietxpending the immersion space
compared with that at the time of the exposure, 15 and cleaning the scale

membge, 4T hEhs pojuesuielivetheddccordiogita ¢rinMsg, further

comprising: detecting foreign matter on a surface of the scale member,

whereigtifreialerniogigh thatahrangetoisthe: aoadpeationietie peptaureidsuiii

foreign matter which is not acceptable in the exposure is detected. 20 50.
fofdignaxpostivehivie tbadeac ariting i @iy fone nfcl aibes kil toy4Re wiedinsystem

the immersion space is filled with a liquid for exposure at the time of the
urtleaning. ohirbhefekpoasowim gieibad according to any one of claims 46 to
50, wherein the immersion space is filled with a liquid for cleaning, which
is 25 differamefeapoaitigmietiiod axpasiing tattheoiimefeldhescléaning,. 153
52. The exposure method according to claim 51, wherein the liquid for
cleanindéncindesddtaainpgswattsrinedRiblkadetection information of foreign matter
which is not acceptable in the exposure exceeds an acceptable value, and
wherein the change of the control mode is performed when the detection
information is equal to or less than an acceptable value.
44. The exposure method according to claim 43,
wherein the detection information includes information of an occupation area of
foreign matter per unit area.
45. The exposure method according to any one of claims 40 to 44,
wherein the change of the control mode includes a change of measurement
information to be used for control of the moving body from the encoder system to an
interferometer system.
46. The exposure method according to any one of claims 38 to 45, further
comprising:
forming an immersion space in an interval with a surface of the scale member
with a liquid; and

moving the moving body in the cleaning such that the liquid comes into contact

with the foreign matter.



10

15

20

25

predetermined gas is dissolved in water. 53. The exposure method
according to any one of claims 46 to 52, 5 wherein the liquid of the
immersion space and the moving body vibrate or fluctuate relatively at the
time of the cleaning. 54. The exposur?sr%ethod according to any one of
claims 38 to 53, further comprising: exchanging a scale member of the
movinghodyhd 8xposurbeneurebiteoraathed ascondingdaiaiy3ene £, claims:
38 to 54, further comprising: withdrawing the moving body from the
coRxpesHpe apparatus and maintaining the scale member. 56. The
exposure method according to claim 55, 15 wherein the maintaining

includes:slgrngmmeieioaxdhass ging he:seale membehcSdt thBcale member
exposure method according to claim 56, wherein the cleaning of the scale
winembgrdiahidles cleaning with an alkali solvent. 58. A device
manufacturing method comprising: 20 exposing a substrate using the
exposuxkpméiiothateaieingicemity nhotielaimg sa8htehd7thanidjuid comes into
developing the exposed substrate. 59. An exposure apparatus which
coaxposeshalsuhistaie matteexposure light, comprising: 25 a moving body
on which a scale member including a grating is disposed, and 154 which
holds #8 substrgiesandnsbadalilexpbegy ingole predetepminad iglands an
encoder system which has a head being capable of facing the scale
optiethbeinber, comprising:
filling an optical path of the exposure light between the optical member and the
object with a liquid so as to form an immersion space;
measuring positional information of a moving body in a predetermined plane by
an encoder system which uses a scale member of the moving body holding the object,
moving the moving body, and exposing the object via the liquid;
expanding the immersion space compared with that at the time of the exposure,
and cleaning the scale member.
49. The exposure method according to claim 48, further comprising:
detecting foreign matter on a surface of the scale member,
wherein the cleaning or the change of the control mode is performed when
foreign matter which is not acceptable in the exposure is detected.
50. The exposure method according to any one of claims 46 to 49,
wherein the immersion space is filled with a liquid for exposure at the time of
the cleaning.
51. The exposure method according to any one of claims 46 to 50,

wherein the immersion space is filled with a liquid for cleaning, which is

different from a liquid for exposure, at the time of the cleaning.



and measures positional information of the moving body in the
predetermined plane by the head; 5 a drive system which is capable of
driving the moving body on the basis of measurement information of the
encoder system; a detection system vi/%%ch detects information regarding a
surface state of the scale member; and a control apparatus which

controfp drivihg &iphemaséngdachoRlitheodiiven $0,system on the basis of
detection information of the detection system in the middle of scanning

and expiesifig thelsyhatraiel &ind e dypestikes@pparateisiacaghing to
claim 59, wherein the detection system detects defect information of a

predetaaainédne stadessalesdaarwand 15 wherein the control apparatus
determines a specific area on the substrate in which the encoder system

generates rMmeaskpeties hestiayductoaldefestal the: stalrime mbey S the

middle of the scanning exposure. 61. The exposure apparatus according
5 to claimteXkiwkier tiuil e titiettigieSystaipadetect shdafest iformaticitof ar

surface of the scale 20 member, and wherein the control apparatus

fleletaraniclas v Bpaafiic drreooththdembsirate with which at least a part of
an illumination area of the exposure light is overlapped when the defect of

the scéle nEhekspislispaskodoterdgasur enyasitcaseal sihthe heash, Gdrther
The exposure apparatus according to claim 60 or 61, 25 wherein the
catepeisiripformation includes information regarding at least one of a 155
size and a position of the foreign matter on the scale member. 63. The
exposuxelapparatuscalecacdingtofahy woeing tadyns 60 to 62,
10 55. The exposure method according to any one of claims 38 to 54, further
comprising:
withdrawing the moving body from the exposure apparatus and maintaining the
scale member.
56. The exposure method according to claim 55,
15 wherein the maintaining includes cleaning and/or exchanging the scale member.
57. The exposure method according to claim 56,
wherein the cleaning of the scale member includes cleaning with an alkali
solvent.
58. A device manufacturing method comprising:
20 exposing a substrate using the exposure method according to any one of claims
38 to 57; and
developing the exposed substrate.
59. An exposure apparatus which exposes a substrate with exposure light,
comprising:

25 a moving body on which a scale member including a grating is disposed, and
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wherein the detection system is capable detecting foreign matter on the
scale member. 5 64. The exposure apparatus according to claim 63,
wherein positional information of the moving body is measured by a
measurement system which is capabllesgf measuring positional
information of the moving body in the predetermined plane and, at the

whrinBdimenhthe berignmaatierparletsciasi g the prigetianisysigameand 10
wherein the control apparatus obtains information of the foreign matter in

a coopdinatedysipmiwhiaicisiefineddyding bapaslrenterihgatessatibeber
basis of a detection result of the detection system and a measurement

an@s\h 0fr @ toRRBIAIE ATEHh aBsBLeMthe Pn B RBSUN ehappai&tithined plane by
according to claim 64, 15 wherein the measurement system includes the

themeader system. 66. The exposure apparatus according to any one of
claims 60 to 65, wherein the control apparatus makes driving of the

moving fedy dyytthe whid isysiemvidroadiisiisiabe wiberegtbedspacitie bsisa i
scanned and exposed different from in a second state in which an area
medbaethan thibapecdicdree ohdbéesybatmte is scanned and 20 exposed.
67. The exposure apparatus according to claim 66, wherein the drive
systen ikeapableyotadjusiinglagairimfoatiicientreggaliding sheface state of the
measurement information, and the control apparatus makes the gain
scaheffioierimilde first state smaller than the 25 gain coefficient in the
second state. 156 68. The exposure apparatus according to claim 67,
whereinchrerobapieirappavaicis coatces thevggptoefficenidrbods tysthstdieve
be
system on the basis of detection information of the detection system in the middle of
scanning and exposing the substrate.
60. The exposure apparatus according to claim 59,
wherein the detection system detects defect information of a surface of the scale
member, and
wherein the control apparatus determines a specific area on the substrate in
which the encoder system generates measurement error by the defect of the scale member
in the middle of the scanning exposure.
61. The exposure apparatus according to claim 59,
wherein the detection system detects defect information of a surface of the scale
member, and
wherein the control apparatus determines a specific area on the substrate with
which at least a part of an illumination area of the exposure light is overlapped when the
defect of the scale member is disposed on a measurement area of the head.

62. The exposure apparatus according to claim 60 or 61,

wherein the defect information includes information regarding at least one of a
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zero. 69. The exposure apparatus according to claim 67 or 68, 5 wherein
the control apparatus makes the gain coefficient in the second state be a
substantially constant value. 70. The exposure apparatus according to any
one of claims 67 to 69, wherein the cqggrol apparatus makes the gain
coefficient small in the middle of the stanning exposure of a shot area

sizeclbdingdiiasipecifie Areacamthe:suhshiateatinéabene exposure
apparatus according to any one of claims 67 to 70, wherein the control

apparaiis nmakespbsugaipmaeficieebamalltwhen dhe spasific cvea passes
through an illumination area of the exposure light. 72. The exposure

apparattsraecokdieg:toi chaigs e Wosseblctteciveg Sysipm does atthisscale
measurement information of the encoder 15 system in the first state. 73.
ménxposure apparatus which exposes a substrate with exposure light,
comprising: a moving body on which a scale member including a grating is
disposed, anke wdpickuhoigstheusubstiale anddsieapaple of moving in a
predetermined plane; 20 an encoder system which has a head being
capablehetdacpigithe sicalomanbiesf andnoeagubed pisiienralddfoymation
of the moving body in the predetermined plane by the head; a drive
méysissmanishisncapadia sofagtivie o themomingpostiveil thévhasiiafof the moving
measurement information of the encoder system; 25 a detection system
batthighthleject daraigedrpatiteraad, halzcaleenémd) el dockikh maeoitiddtected by
apparatus which determines a specific area on the substrate with which at
thiedsteioart pian, illudnination area of the exposure light is overlapped
when the foreign
wherein the control apparatus obtains information of the foreign matter in a
coordinate system which is defined by the measurement system on the basis of a
detection result of the detection system and a measurement result of the measurement
system.
65. The exposure apparatus according to claim 64,
wherein the measurement system includes the encoder system.
66. The exposure apparatus according to any one of claims 60 to 65,
wherein the control apparatus makes driving of the moving body by the drive
system in a first state where the specific area is scanned and exposed different from in a
second state in which an area other than the specific area of the substrate is scanned and
exposed.
67. The exposure apparatus according to claim 66,
wherein the drive system is capable of adjusting a gain coefficient regarding the
measurement information, and

the control apparatus makes the gain coefficient in the first state smaller than the

gain coefficient in the second state.
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matter is disposed on a measurement area of the head, wherein the drive
system drives the moving body without using measurement 5 information
of the encoder system in the first state in which the specific area is
scanned and exposed. 74. The expo ure apparatus according to claim
73, wherein the moving body is driven without using measurement
informegionTe g 6nsedppSYSIE M tdilia Specifisasea in the middle of the
scanning exposure of a shot 10 area including the specific area on the

substratesrétn thBe @RSy rpRATaiks AE QNG Eofridh oneled flatsehe

and 72 to 74, wherein the drive system drives the moving body on the
zdp@sis of measurement information of the encoder system in the second

state in which an area other than the specific area of the substrate is

scanned. anthexpesete Mppfratibapdisidre apparatusrag;ording to claim

75, further comprising: an interferometer system which is capable of

measuving e sitanaltivfappation bk moying kediicismeicifdbediivetate be a

system moves the moving body on the basis of measurement information
subktheiintedenemeteslaystem in the first state. 20 77. The exposure

apparatus according to claim 76, wherein the measurement information of

the enzodeThystgposandahierneasti@diaptodasoat ot dhithe 67 to 69,

interferometer system which are used for driving the moving body are
switchedlamdianhenetdhepitshatataakod tregaaconsdiiaiet imehbinged toiddle of
the other state by the movement of the substrate. 25 78. The exposure
thapparaiius agesudingf toshny oeeinflokdimsietspeoidid 2t 60, thd8ubyharein
servo control is not carried out on the moving body by the drive system in
the firstistatBhe exposure apparatus according to any one of claims 67 to 70,
wherein the control apparatus makes the gain coefficient small when the specific
area passes through an illumination area of the exposure light.
72. The exposure apparatus according to claim 66,
wherein the drive system does not use measurement information of the encoder
system in the first state.
73. An exposure apparatus which exposes a substrate with exposure light,
comprising:
a moving body on which a scale member including a grating is disposed, and
which holds the substrate and is capable of moving in a predetermined plane;
an encoder system which has a head being capable of facing the scale member
and measures positional information of the moving body in the predetermined plane by
the head;
a drive system which is capable of driving the moving body on the basis of

measurement information of the encoder system;

a detection system which detects foreign matter on the scale member; and
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79. An exposure apparatus which exposes a substrate with exposure light,
comprising: 5 a moving body which holds the substrate and is capable of
moving in a predetermined plane, and in which a scale member including
a grating is disposed; an encoder sys g which has a head being capable
of facing the scale member and measures positional information of the

moving &adinpparpfedetaomnee piase a agbivecsistesn wbishbisreapailewhich
of driving the moving body on the basis of 10 measurement information of

atthasengudesfssiBima driealianosyEteempuhich Idgtests vefbispatiovhen the foreign
regarding a surface state of the scale member; and a control apparatus

miieh deigsretnes arspatifihRitaea diehsuhsidate in which the
measurement information is substantially unusable in the driving of the

moving/hadih (A drvithg hiasisial detectiavinfosomptivniefiingthetattiotrement
system. 80. The exposure apparatus according to claim 79, wherein the
infpecitiomrFabnehuddsray asaaiintenich higrencatderhsyriepadivnadles t@anned
measure a position of the moving body. 81. The exposure apparatus
andoggrolag to claim 79, 20 wherein the detection system detects defect
information of a surface of the scale member, and wherein the specific

area indudahaexptsarinappacitibaceoatidgteyiignigenerates
measurement error due to the defect of the scale member at the time of

the exposria B2 nihaéexpabuie dpparattisoacasiiting das arynene tbeladisen of
79 to 81, 25 wherein the detection system detects defect information of a
theerfaadeof yhie adalend SPedifenaberimte wikikinfide: Spacifiicgasepolictucies shot
an area with which at least a part of an
area including the specific area on the substrate.
75. The exposure apparatus according to any one of claims 66, and 72 to 74,
wherein the drive system drives the moving body on the basis of measurement
information of the encoder system in the second state in which an area other than the
specific area of the substrate is scanned and exposed.
76. The exposure apparatus according to claim 75, further comprising:
an interferometer system which is capable of measuring positional information
of the moving body,
wherein the drive system moves the moving body on the basis of measurement
information of the interferometer system in the first state.
77. The exposure apparatus according to claim 76,
wherein the measurement information of the encoder system and the
measurement information of the interferometer system which are used for driving the
moving body are switched when one of the first state and the second state is changed to

the other state by the movement of the substrate.

78. The exposure apparatus according to any one of claims 66, and 72 to 75,
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illumination area of the exposure light is overlapped when the defect of the
scale member is disposed on a measurement area of the head. 5 83. The
exposure apparatus according to claim 81 or 82, wherein the defect
information includes information regarl%i g at least one of a size and a
position of the foreign matter on the scale member. 84. The exposure

apparaitisraecaiain gdennysaine @rakins: 63 thedaowhe ey daleetienystem
system is capable of detecting foreign matter on the scale 10 member.

in8he Tikg @xprosure apparatus according to any one of claims 79 to 84,
wherein the substrate is relatively moved with respect to the exposure

light byotheAnexipgstiedippanduscaniac anskaxpossdsaand idherpinihelight,
control apparatus changes a servo gain of the drive system in the 15

comigtébengf the scanning exposure of a shot area including the specific area
on the substrate. 86. The exposure apparatus according to claim 85,

whereinteiagmisal apfahsivklmaksatheasentd gainpibibeSperiig area
small compared with that in an area other then the specific area of the

prsbetaiere 2Pl Sk, The iexpbiire appaititdaceordiigete elaimngs dishsesin
the servo gain becomes zero in the specific area. 88. The exposure
apparatusnacderdingetn anjchhasaf btainsing o 8hlewhéreimgttie sulistraéenber
is relatively moved with respect to the exposure light by the moving body,

andndessarsgddrndrak pdsetadon dxhehiroeinghe dpiinblegppasaitsi tabplna;
carry out servo control on the moving 160 body by the drive system in the
specific &tea ipstam middhei ot dpebicanding rexpesuts ok doslyairatieabasis of
including the specific area on the substrate.
measurement information of the encoder system,;
a detection system which detects information regarding a surface state of the
scale member; and
a control apparatus which determines a specific area on the substrate in which
the measurement information is substantially unusable in the driving of the moving body,
on the basis of detection information of the detection system.
80. The exposure apparatus according to claim 79,
wherein the specific area includes an area in which the encoder system is unable
to measure a position of the moving body.
81. The exposure apparatus according to claim 79,
wherein the detection system detects defect information of a surface of the scale
member, and
wherein the specific area includes an area in which the encoder system generates
measurement error due to the defect of the scale member at the time of the exposure.

82. The exposure apparatus according to any one of claims 79 to 81,

wherein the detection system detects defect information of a surface of the scale
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89. The exposure apparatus according to any one of claims 79 to 85,

wherein the substrate is relatively moved with respect to the exposure

light by 5 the moving body, and scanned and exposed, and wherein the

control apparatus performs driving of {gs moving body by the drive

system in another control mode in the middle of the scanning exposure of
mansh&t afga including the specific area on the substrate. 90. The exposure

apparatus according to claim 89, 10 wherein the another control mode

includesaréiistivepecimiiareisindaddonanraredotigcihandhe spaeitic an
area of the shot area, and in which measurement information of the

illaRGasesBYSIL 0T thaisgshsansd RseRadMappelwieh iseukgectartine spaeifiember
area. 91. The exposure apparatus according to claim 90, wherein a servo

is daipodtdhnsh drivieasysiaienimibe saeemdamode is small compared 15 with
that in the first mode. 92. The exposure apparatus according to claim 90,

where§B meRst sepsntdnigsmaionebidmencetiemsysi@gis not used in
the second mode. 93. The exposure apparatus according to claim 90, 20

whereighkeidrive dyfsteinfdoastial talideLinsemvattanteghatidfatmavinge of a
body in the second mode. 94. The exposure apparatus according to claim

si80aridrilesstoun o shiegforai preagtiee me ticaephy atembdnich is different from
the encoder system and measures positional information of the moving

body @4 thelheasglesmingpptane a2 miner @neasuoé clembdrifortmason of
the measurement apparatus is used in the 161 second mode. 95. The
exposurecappaiatisaconrsyngiioisleapa®ié, of detecting foreign matter on the scale
member.
85. The exposure apparatus according to any one of claims 79 to 84,
wherein the substrate is relatively moved with respect to the exposure light by
the moving body, and scanned and exposed, and
wherein the control apparatus changes a servo gain of the drive system in the
middle of the scanning exposure of a shot area including the specific area on the
substrate.
86. The exposure apparatus according to claim 85,
wherein the control apparatus makes the servo gain in the specific area small
compared with that in an area other then the specific area of the shot area.
87. The exposure apparatus according to claim 86,
wherein the servo gain becomes zero in the specific area.
88. The exposure apparatus according to any one of claims 79 to 85,
wherein the substrate is relatively moved with respect to the exposure light by

the moving body, and scanned and exposed, and

wherein the control apparatus does not carry out servo control on the moving
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wherein output coordinates of the encoder system or the measurement
apparatus, which are used after switching between the first mode and the
second mode, are set at the 5 time of the switching or before the
switching such that the output coordirl%tgs of the encoder system and the
measurement apparatus substantially continue at the time of switching.

bdi. thhéednosyrsapraraitispeer dieg 10 Bla i RHeastIhe YRR axposure of a
continuous manner between the output coordinates of the encoder 10

sheysiemiandding mespergrvariaysi@nsdifergat the time of the switching
from the first mode to the second mode and at the time of the switching

from tige setapdxpodedapaafiisthoaotfin® fo 1Me @SS ENRPPALAIRS
according to claim 96, wherein a coordinate connection is used to set the

outputwiegtsinatesubfiae: 1Sre1anssliemaridappRidips Jntth@switeling figmby
the first mode to the second mode so as to be matched with the output

theasdlinatesdof dhe eaaadensysigivs&B anie exposure apparatus
according to claim 96 or 97, wherein a phase connection is used to set the
outputvagtdinatesoatiliegmeaadsrpaysiam dr the f dehingVviignbdde by the drive
second mode to the first mode using the output 20 coordinates the
sykitarifarameler systemmodt phaseriiaieafior of thegneosausystenshdrea

The exposure apparatus according to any one of claims 94 to 98, wherein
inthedingalseIkpaeefit appanatis snbkides an interferometer system. 100. The
exposure apparatus according to any one of claims 59 to 99, wherein the
detectiin sydtesx®oapabhlieanitdeiectingmpudadapditional 25 information
of a surface of the substrate which is held on the moving body. 162 101.
An expdsitegnappanathsrwhitiobrpelsds dusldb stfate mitheexpiadlikcuigitfor an area
comprising:
other than the specific area of the shot area, and in which measurement information of
the encoder system is used, and a second mode which is used for the specific area.
91. The exposure apparatus according to claim 90,
wherein a servo gain of the drive system in the second mode is small compared
with that in the first mode.
92. The exposure apparatus according to claim 90,
wherein measurement information of the encoder system is not used in the
second mode.
93. The exposure apparatus according to claim 90,
wherein the drive system does not carry out servo control on the moving body in
the second mode.
94. The exposure apparatus according to claim 90, further comprising:
a measurement apparatus which is different from the encoder system and

measures positional information of the moving body on the predetermined plane,

wherein measurement information of the measurement apparatus is used in the
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a moving body which holds the substrate and is capable of moving in a
predetermined plane; 5 an encoder system which is capable of measuring
positional information of the moving body in the predetermined plane; a
drive system which is capable of driViIII 1the moving body on the basis of
measurement information of the encoder system; and a control apparatus

seddiigheaa.change a servo gain of the drive system in a 10 specific area or
can stop servo control of the moving body in the middle of the scanning
exposgke offashgiciga ippludingdtie spegificcarea 93, which measurement
information of the encoder system is abnormal on the substrate. 102. The
exXposwit:ARpAAPUS ansdining ©f chaiehdQikr whesainvtheespesifieear@a apparatus,
includes an area in which the encoder system generates 15

whigtastyr asae nferrori ttAmhglhevedosurirappatatusdateckdingitoctrinard Qdt at the
or 102, wherein the specific area includes an area in which the encoder

iy e hdswitelile &0 beeasuhe avpasitionsoéihkamaviogpadyvoldihattbef the
exposure apparatus according to any one of claims 101 to 103, 20

encbdreifsiem spaatiic racasuiratvgdespparaisasibudiidhl thesneassiie theime of
information is abnormal due to a defect of a scale member of the encoder
svaysierp. 105. The exposure apparatus according to claim 104, wherein the
defect includes foreign matter existing on the scale member. 106. The
exposare afppaaipssaccapdingio alaimlibd4©ciiib 92%vrein the
specific area includes an area with which at least a part of an 163
illuminatieriare aoftiheoexpasiia bghtésoitertappedcudidintins détaeteat tder
scale member is disposed on a measurement area of the encoder
sysystemd the measurement system differs at the time of the switching from the first
mode to the second mode and at the time of the switching from the second mode to the
first mode.
97. The exposure apparatus according to claim 96,
wherein a coordinate connection is used to set the output coordinates of the
measurement apparatus in the switching from the first mode to the second mode so as to
be matched with the output coordinates of the encoder system.
98. The exposure apparatus according to claim 96 or 97,
wherein a phase connection is used to set the output coordinates of the encoder
system in the switching from the second mode to the first mode using the output
coordinates the interferometer system and phase information of the encoder system.
99. The exposure apparatus according to any one of claims 94 to 98,
wherein the measurement apparatus includes an interferometer system.
100. The exposure apparatus according to any one of claims 59 to 99,

wherein the detection system is capable of detecting surface positional

information of a surface of the substrate which is held on the moving body.
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107. An exposure apparatus which exposes a substrate with exposure
light, comprising: 5 a moving body which holds the substrate and is
capable of moving in a predetermined plane; a measurement system
which has an encoder system and an.ipterferometer system which is
capable of measuring positional information of the moving body in the
predetgyminech plansulOpshive sysiRm wpisbsia capapie afidrdspesihe light,
moving body on the basis of measurement information of the
comgasiifement system; and a control apparatus which is capable of
switching measurement information to be used to drive the moving body

from on@metihetagodpicEsRIN thadiberinterhiarzrogieblsysianyindtnea
other system, sets output coordinates of the other system to be used after

préetbeangtcpingesuch that output coordinates of the encoder system and
the interferometer system at the time of the switching substantially

continue catstisrakesa 6ondinuotipablannaialihe @ piRitiaeoidioaiesion of the
different at the time of switching from one of the encoder system and the

mintgigaredpatethsysteindmiir Opiatesystem and at the time of switching
from the other system to the one system. 20 108. The exposure apparatus

accordimgite siaismlWiicvhecapabhessdiBtiagatis nabativeomovethwiihsis of
respect to the exposure light by the moving body, and scanned and
mexquesednandorhaieindhehcentraleappaeatyaren perform the switching in
the middle of the scanning exposure of a shot area of the substrate. 25
109. Theoaxpdapparapparaius eacolding tosetaindid ©Otht QB vEGH swhelien
measurement information of the encoder system is used for driving the
spevdliingrdockycim aropxposucernpe ratibn nfoViashbsiratehandddle of the scanning
exposure of a shot area including the specific area in which measurement information of
the encoder system is abnormal on the substrate.
102. The exposure apparatus according to claim 101,
wherein the specific area includes an area in which the encoder system generates
measurement error.
103. The exposure apparatus according to claim 101 or 102,
wherein the specific area includes an area in which the encoder system is unable
to measure a position of the moving body.
104. The exposure apparatus according to any one of claims 101 to 103,
wherein the specific area includes an area in which the measurement information
is abnormal due to a defect of a scale member of the encoder system.
105. The exposure apparatus according to claim 104,
wherein the defect includes foreign matter existing on the scale member.

106. The exposure apparatus according to claim 104 or 105,

wherein the specific area includes an area with which at least a part of an
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wherein measurement information of the interferometer system is used
when measurement information of the encoder system is abnormal. 5
110. The exposure apparatus according to claim 109, wherein
measurement information of the interffsér?meter system is used when the
encoder system generates measurement error, or when the encoder

illsysiemds meabietke sxeasuEei ghpestien gipbe wneuiag: dethst b theldt@le member
exposure apparatus according to claim 109 or 110, 10 wherein

is iepsiseBenhisdonreatinn 0tind iRtesfrmmelpitsystem is used when
measurement information is abnormal due to a defect of a scale member

of the eprodan syptstie hpgarkhis @REsEKpRPPArAbSAGCHIEHNG HOsTiRiMisht,
111, wherein the defect includes foreign matter existing on the scale

com@nyieg: 15 113. The exposure apparatus according to any one of claims
107 to 112, wherein a coordinate connection is used to set the output

coordinatesiaf thelintaifenaorliehsysibi-dte Hirl sywtghiblg fomotiegeincoder

system to the interferometer system so as to be matched with the output
predexdinaies gihtlee encoder system. 114. The exposure apparatus

according to any one of claims 107 to 113, 20 wherein a phase connection

is used tnessliiacautyvicoooriiciates of the’iReagdatnsyaienn intiterometer
switching from the interferometer system to the encoder system using the

syouiput keardioapaslhef inteerampieitkysicinfanthpbaseé infanwdtighaed yhie the
encoder system. 115. The exposure apparatus according to any one of
pretiimsenldd eldib4, 25 wherein one of a scale member and a head of the
encoder system is provided at 165 the moving body, and the other one is
providedrie deysepableidf facipgtihembivigehbeyndvibe boéyaxposlseasis of
apparatus according to any one of claims 101 to 115,
measurement information of the measurement system; and
a control apparatus which is capable of switching measurement information to
be used to drive the moving body from one of the encoder system and the interferometer
system to the other system, sets output coordinates of the other system to be used after
the switching such that output coordinates of the encoder system and the interferometer
system at the time of the switching substantially continue, and makes a continuous
manner of the output coordinates different at the time of switching from one of the
encoder system and the interferometer system to the other system and at the time of
switching from the other system to the one system.
108. The exposure apparatus according to claim 107,
wherein the substrate is relatively moved with respect to the exposure light by
the moving body, and scanned and exposed, and
wherein the control apparatus can perform the switching in the middle of the

scanning exposure of a shot area of the substrate.

109. The exposure apparatus according to claim 107 or 108,
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wherein the encoder system has a head which is capable of facing a scale
member which is disposed on the moving body. 5 117. The exposure
apparatus according to any one of claims 59 to 60, further comprising: an
immersion member which is capable %Iorming an immersion space with
a liquid in an interval with a substrate, wherein the scale member comes

into copkRediwiticBRertifidist infbieninoession chBosleacestdhiis Thelespasvitg the
apparatus according to claim 117, further comprising: an optical member

mvhightiaytsthe efRAsHY o pightioNREBinsabsimraeiston member is capable
of forming an immersion space such that an optical path of the exposure

light betnézein theaopdeaiimiaimpenasa dhensubsimionsetddsileshwittsad when
liquid for exposure. 119. The exposure apparatus according to any one of

meiimsedthiihatiog cflbetontd8evhekainithdssalaimember is disposed
such that a surface of the scale member 20 becomes substantially flush

with an ppertsiaes ot hipmaungbadihd 20c1dihe BXQosure apparatus
according to any one of claims 59 to 100, and 116, wherein the moving

body holdscihersubsitaiensudioddinatiansol fhceneéileeoncate sypyembBrused when the
disposed on substantially the same plane as a surface of the substrate. 25

entdder giasicgananuaaisiiigemetin et @ooipriséng hd 66c &IPASHIgNRis unable to
substrate using the exposure apparatus according to any one of claims

m&&iieel2fhsarichad\atoping ih&eikposed substrate.

111.  The exposure apparatus according to claim 109 or 110,

wherein measurement information of the interferometer system is used when
measurement information is abnormal due to a defect of a scale member of the encoder
system.

112. The exposure apparatus according to claim 111,

wherein the defect includes foreign matter existing on the scale member.

113. The exposure apparatus according to any one of claims 107 to 112,

wherein a coordinate connection is used to set the output coordinates of the
interferometer system in the switching from the encoder system to the interferometer
system so as to be matched with the output coordinates of the encoder system.

114. The exposure apparatus according to any one of claims 107 to 113,

wherein a phase connection is used to set the output coordinates of the encoder
system in the switching from the interferometer system to the encoder system using the
output coordinates the interferometer system and phase information of the encoder
system.

115. The exposure apparatus according to any one of claims 101 to 114,

wherein one of a scale member and a head of the encoder system is provided at
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122. An exposure method of exposing a substrate with exposure light, 5

comprising: detecting information regarding a surface state of a scale

member disposed on a moving body which holds the substrate and is

movable in a predetermined plane; r’rl%gsuring positional information of

the moving body by an encoder systemwhich has a head being capable
thefiacing Hadseale destkeoddispanning anterdpasia@tiecsbsicate whileody.

driving the moving body on the basis of measurement information of the

encoder &ystens eapesaenipplinguhecooading oagly thbeftiivensan the besis
of the detected information in the middle of the scanning exposure of the

substratigerdiddhé ke¥poswwe meibatheatonmlictgita ghabte b2 2adibgheeein
the detected information includes defect information of a surface of the

mésder Mty dispdsddhenakpasevingasiod according to claim 123,
wherein the defect information includes information regarding at least one

of a sizg and'a pepiivRcaipitueign madielgtham gerle sheniher 520016% further
An exposure method of exposing a substrate with exposure light,
coropaRfiging: detecting information regarding foreign matter on a scale
member disposed on a moving body which holds the substrate and is
movabie imadgsasietesmiredvplanes capedkusintposijandhinforshatignef with a
the moving body by an encoder system 25 which has a head being
liqapablenahfasingithe sealetragmber; 167 scanning and exposing the
substrate while driving the moving body on the basis of measurement
informatieref diesenleadeanbystemesaieriniag & spebificqidamthéimmersion
substrate with which at least a part of an
space.
118. The exposure apparatus according to claim 117, further comprising:
an optical member which emits the exposure light,
wherein an immersion member is capable of forming an immersion space such
that an optical path of the exposure light between the optical member and the substrate is

filled with a liquid for exposure.

119. The exposure apparatus according to any one of claims 59 to 100, and
116 to 118,

wherein the scale member is disposed such that a surface of the scale member
becomes substantially flush with an upper surface of the moving body.

120. The exposure apparatus according to any one of claims 59 to 100, and
116,

wherein the moving body holds the substrate such that a surface of the scale
member is disposed on substantially the same plane as a surface of the substrate.

121. A device manufacturing method comprising:
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illumination area of the exposure light is overlapped when the foreign
matter is disposed 5 on a measurement area of the head; and driving the
moving body without using measurement information of the encoder
system in a first state in which the spei%igc area is scanned and exposed.
126. The exposure method according to claim 125, further comprising:
driving:ke dimgving kadianithelRasip efuneasparamientdofarmation phHef
10 encoder system in a second state in which an area other than the
clspecirtareaoithe substrate is scanned and exposed. 127. The
exposure method according to claim 125 or 126, wherein positional

informagianopiibenmexprgdaadipismeasured by an interferometer system
in the first state, and the moving body is driven. 15 128. The exposure

methotaccosdisgpeslaimelil @f $2posihieisiibseiuowonEopis et gdtied
out on the moving body by the drive system in the first state. 129. An

comxposupe method of exposing a substrate with exposure light, comprising:
20 detecting information regarding a surface state of a scale member

disposédeotirg infovingibadyontkicty Aclasdliesaubsitate adadnsniber alisoiedon a
predetermined plane; measuring positional information of the moving
mboihyg bydanvaiichderdBysiesnbvrich dirlsiaheadbleding padatiendidagngdhe
scale member; scanning and exposing the substrate while driving the
movinghbadyiog b€ thasibinZbrofanmaastitemeant intdrodgtipnaafdne éncodeim
system; and 168 determining a specific area on the substrate in which the
whidabayament beiameapabiés 6 thsiantiall¢calawsahtein the driving of the
moving body, on the basis of the detected information.
scanning and exposing the substrate while driving the moving body on the basis
of measurement information of the encoder system; and
controlling the moving body to be driven on the basis of the detected
information in the middle of the scanning exposure of the substrate.
123. The exposure method according to claim 122,
wherein the detected information includes defect information of a surface of the
scale member.
124. The exposure method according to claim 123,
wherein the defect information includes information regarding at least one of a
size and a position of foreign matter on the scale member.
125. An exposure method of exposing a substrate with exposure light,
comprising:
detecting information regarding foreign matter on a scale member disposed on a
moving body which holds the substrate and is movable in a predetermined plane;

measuring positional information of the moving body by an encoder system

which has a head being capable of facing the scale member;
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130. The exposure method according to claim 129, 5 wherein the detected
information includes defect information of a surface of the scale member.
131. The exposure method according to claim 129 or 130, further
comprising: changing a servo gain Ofﬂ%’l}? drive system, which drives the
moving body, in the middle of the scanning exposure of a shot area

includin@ihm spagifigrakescandbebi-se hsiirtarildd thbenoxpashsayratieobasis
according to claim 131, wherein the servo gain in the specific area is small

ofGasaparadanith thahifi anolngs catwiethemdhe specific area of the shot
area. 133. The exposure method according to claim 129 or 130, 15

whereife @efvaiggnrikpkls fotearsie tho ytivsirthe wioving dosydasthepapasitia
area in the middle of the scanning exposure of a shot area including the

illspdaifibargaaost the espbsirateghidd ol bgapypo sutienmethodiaacasdisid ddisposed
claim 129 or 130, wherein the moving body is driven in another control

ommadeavuthadniddle of theh2Qsgahning exposure of a shot area including
the specific area on the substrate. 135. An exposure method of exposing

a subsiratmavite exposgilightitieampsisingienaasuang ffosiianal of the encoder
information of a moving body, which holds the substrate and is movable
syteanpiregl @istriinethphanieh he apeeifeoaien systanicdasearnpingdand
exposing the substrate while driving the moving body on the basis 169 of
measurgfnerthatopoatiemadibod eqcodeizsysikim aps, changiegmapsBing:
gain of a drive system driving the moving body in the specific area or
stoppidgdepheantvot @btlis prothadyocyf iméhairaidele iaf dhastansiinig:
exposure
encoder system in a second state in which an area other than the specific area of the
substrate is scanned and exposed.
127. The exposure method according to claim 125 or 126,
wherein positional information of the moving body is measured by an
interferometer system in the first state, and the moving body is driven.
128. The exposure method according to claim 125 or 126,
wherein servo control is not carried out on the moving body by the drive system
in the first state.
129. An exposure method of exposing a substrate with exposure light,
comprising:
detecting information regarding a surface state of a scale member disposed on a
moving body which holds the substrate and is movable in a predetermined plane;
measuring positional information of the moving body by an encoder system
which has a head being capable of facing the scale member;

scanning and exposing the substrate while driving the moving body on the basis

of measurement information of the encoder system; and
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of a shot area including the specific area in which measurement
information of the 5 encoder system is abnormal on the substrate. 136. An
exposure method of exposing a substrate with exposure light, comprising:
measuring positional information of afggving body, which holds the
substrate and is capable of moving in a predetermined plane, by a
measul&seihisysiasclicsaan i thardoeraesin gy thensubstiaieivhitent
driving the moving body on the basis of measurement information of the
infopastisaMeRibsysiemMyant Switchitgeragasiy emashioiannatan thheeussd of
for driving the moving body from one of an encoder system and an
thindetéetedratermystain of the measurement system to the other system,
and setting output coordinates of the other system to be used after the 15
switchirsg sutihdhaposipLineaardinaiagiat theckneot®y, system and the
interferometer system at the time of the switching substantially continue,
whereinhgreantiridyiscrsanierahtive aidpdtcdefeinaitsisdifeseatsattie of the

time of switching from one of the encoder system and the interferometer
scalstemteithe other system and at the time of switching from the other
system to the one system. 20 137. The exposure method according to
claim 136, wink¢eixpibsusvwichisgdscoadtigtt®ulaimmtheoaidtde, dutttieer comprising:
scanning exposure of a shot area of the substrate. 138. The exposure
methochasgorg ing:tooctaim df3eadrhd /s ystaarewhite dsives enhisforgaiidnin the
of the encoder system is used for driving the 25 moving body in the
mididellef didheanaanning@xipostitestandrda tholingithengasifiemenvn the
information of the interferometer system is used when measurement
sulbfermation of the encoder system is abnormal. 139. The exposure
method according to any one of claims 122 to 138,
132. The exposure method according to claim 131,
wherein the servo gain in the specific area is small compared with that in an area
other then the specific area of the shot area.
133. The exposure method according to claim 129 or 130,
wherein servo control is not carried out on the moving body in the specific area
in the middle of the scanning exposure of a shot area including the specific area on the
substrate.
134. The exposure method according to claim 129 or 130,
wherein the moving body is driven in another control mode in the middle of the
scanning exposure of a shot area including the specific area on the substrate.
135.  An exposure method of exposing a substrate with exposure light,
comprising:
measuring positional information of a moving body, which holds the substrate

and is movable in a predetermined plane, by an encoder system;

scanning and exposing the substrate while driving the moving body on the basis
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wherein the substrate is exposed with exposure light via a liquid. 5 140. A
device manufacturing method comprising: exposing a substrate using the
exposure method according to any one of claims 122 to 139; and
developing the exposed substrate. 169

of measurement information of the encoder system; and

changing a servo gain of a drive system driving the moving body in the specific
area or stopping servo control of the moving body in the middle of the scanning exposure
of a shot area including the specific area in which measurement information of the
encoder system is abnormal on the substrate.

136. An exposure method of exposing a substrate with exposure light,
comprising:

measuring positional information of a moving body, which holds the substrate
and is capable of moving in a predetermined plane, by a measurement system;

scanning and exposing the substrate while driving the moving body on the basis
of measurement information of the measurement system; and

switching measurement information to be used for driving the moving body
from one of an encoder system and an interferometer system of the measurement system
to the other system, and setting output coordinates of the other system to be used after the
switching such that output coordinates of the encoder system and the interferometer
system at the time of the switching substantially continue,

wherein a continuous manner of the output coordinates is different at the time of
switching from one of the encoder system and the interferometer system to the other
system and at the time of switching from the other system to the one system.

137. The exposure method according to claim 136,

wherein the switching is carried out in the middle of the scanning exposure of a
shot area of the substrate.

138. The exposure method according to claim 136 or 137,

wherein measurement information of the encoder system is used for driving the

moving body in the middle of the scanning exposure, and
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wherein measurement information of the interferometer system is used when
measurement information of the encoder system is abnormal.

139. The exposure method according to any one of claims 122 to 138,

wherein the substrate is exposed with exposure light via a liquid.

140. A device manufacturing method comprising:

exposing a substrate using the exposure method according to any one of claims
122 to 139; and

developing the exposed substrate.



