1 DESCRI PTI ON EXPOSURE APPARATUS, EXPOSURE METHOD, AND DEVI CE

MANUFACTURI NG METHOD 5 TECHNI CAL FI ELD The present invention
relates to an exposure apparatus, an exposure nethod, and a device
manuf act uri ng met hod. Priority is clainmed. on Japanese Patent

Application No. 2007-325078 filed on 1@ Decenber 17, 2007, and
Japanese Patent Application No. 2Q07-340875 filed on Decenber 28,
2007, the content of which is inc&%@?@@%erei n by reference.
BACKGROUND I n a manufacturing procedure of mcro devices such as
sem conduct or devices 15and el ectronic devices, there is used an

exposur e appar at EsKRONERE AXBoBATUS, EXBOPVREMESHE» 48R PEVIGRt . The
exposure apparatus is provided with a noving body such as a substrate
stage whi ch hol ds a substrat MAJEAGVEBINGIMEEHRQDsUr e appar at us
measures positional information of the nmoving body. The exposure
appar atsjus exposes the substrate with exposure light while noving the
novi ng body using the neasurenent 20 information. In the foll ow ng
Pat ent DocrrEmNICADFENanpl e of a technique is disclosed in which the
positional information of the noving body is neasured using a scale

menber. [ Patent . : . ; 3 .
o0e) 0% 2[7309 THO GESER invhtiddT e Rtk 86hn ARBLILE AfjaPusPbbifosirt BRRHNA; 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 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
15  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
20  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

25  DISCLOSURE OF INVENTION



2 PROBLEMS TO BE SOLVED BY THE | NVENTI ON In a case where the
positional information of the noving body is neasured using the scale
menber, when a surface state of the scale nenber is degraded, for
exanple, foreign matter or the like exists on the surface of the
scal e nenber, neasurenent error 5occurg@. Therefore, the positional
information of the novin bod}s/ may _not_ be accurately neasured. In
addi tion, FRO%];WeT%ﬁﬁfﬁq@ﬂYE PG{%I%EWXEWIQ%W out positional
control on the noving body in which the position information is used.
As a result, expoggie vderohe peyjlianal énmeteneef theymoying ppdcis imeasuged Psiee
may be produced. A purpose of sonme aspects of the invention is to
provi de anhexqpbsmerbapphamnat wsfaddstain df tin sepoember inddehasidd,i far edaimpte,
positional control of a noving body can be favorably carried out and
exposur e eforedgn maer bethslip eeiss ed e sonfaccafulie scalg . mdnibeg dthiatiramentanot her
pur pose of some aspects of the invention is to provide a device

manuf ag urddagrs MeThaefotd) thatpositiotte frf6inaden detht @RS ingddd ha upbeeRsRdecly
from bei ng produced. 15 MEANS FOR SOLVI NG THE PROBLEM

Accor di ng héasarell] I tad@fRACHE maf bé BRfiUNME BvoRibly dadbSToRt pSitInANdoH8s Gin
exposure apparatus whi ch exposes an object with exposure |ight which

I ncl udes: g gﬁ\ﬁng%giﬁﬁﬁywl’ﬁ@ e P%E&ging}gwa%ﬂ RGbeNhs! ey 8QJoSurk Brrér

pr edet er m ne and In e nmenber including a grating

s df sposesy b FRAMLCIRerayaL BIUMILENLRARULES 20 posi (Tonal

i nf € novin I'n the - predeterm ned plane using the

scal e menber; a ot el ion SYRLEM YNLeR ARLES! & Ofor IRbLon 1 saarling
foreign matter OhPAPEHFT ATE BPCThe 'Sedl'e TEAbEP AN ThePET Ze B 1 He
forei matter; and a c] eani appars at.us ichis.c bl e of . cl eani ng
the ool o R ErSosRisasn g S G o Bu Re ot P e et Greefardty
scal e nenber according to a detection result of the detection system
25Accor di rfgties o3t ACFRESUES HETCal Pe tpBresird dinm agcuringer It gdditionadnoihey an

exposure . o . . ] .
purpose of some aspects of the invention is to provide a device manufacturing method in

which defective devices can be suppressed from being produced.

15 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

20  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.

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



3 apparatus which exposes an object with exposure light, including: a
novi ng body which holds the object and is novable in a predeterm ned
pl ane, and in which a scale nenber including a grating is disposed; a
measur enent system whi ch includes an encoder system having a head
bei ng capabl e of facing the scale nenbé& and neasures positional 5
information of the noving body in the predeterm ned plane; a )

det ect i on 3EPTAEH WHFLexPaEas @B oBiesigrigh gporrae Hght BRludingy 4 mavag Bpdyt which
scal e nenber; a cleaning apparatus which is capabl e of cleaning the
scal e menbkelds thagbigctend iy wpvabpoararedstewningd Peahapdinswhiple a aepld membridy
on the basis of nmeasurenent information of the nmeasurenent system and
control s tmeludingargratgigopdispdsedirz regaduremantggsten vehidontlndds amsdeder system
novi ng body. Here, the 10control apparatus can performthe cleaning
oper ati on kavthg dlecad being eapabletdi éachythe edaleaelebartasd misvarad @bgdbnadn
system detects foreign matter which is not acceptable in the
eXposur®. information AOEOfAVIAG bb@y i thdprelet@aifsl plate; 4 B&edidM St Rhidhher e
is provided an exposure apparatus i ch exposes an object with

exposure | §g&ts fokdorPiad?oh @aLrrARMR &e schld eledtfbe A cledniiB MhptacROSNicHY Ch
hol ds the object and is novable in a predeterm ned plane, and in

15whi ch a %ﬁ%l@ofﬁg@ﬂg ﬂhggéa%ggb&; Q‘fdaatcio[}q]gof @ggﬂgﬁlﬁggl coftrlfE ARUAR/IRN!

syst em whi I ncl udes 7an enc syst em havi bel ng capa

ystem mhaving & head herng i
of 1 36T 19 4005 AR SRR AT TRASHLE5n BP B ORI LI Ol e

novi ng bod n e predeterm ned plane; an I nmersion

fills an optical. path of the exposure |ight, between.the optical

rerber - andtt RETUBE Beste i SnmERaT EuishMohs REbERR medper b b,
and a gl eani ng. 20 appar atus whj ch expands the | si on_space

compar b wiArHo e abR Hmestioriiahe e RE gt e B8t 26 R Satirel gy
cl eaning on the scal e nenber. . According to a fourth_ aspect of
t he i nventVbsh the H%‘?‘EloPs‘y%‘?rB\?‘Fta@ﬂ fogeign natier WAl P26t %ﬁcFlﬁﬁbl‘Frﬁ’t he BXRARTEN

i ncl udes: exposing a substrate using the exposure apparatus according
to the first to AdpPidénzdspakirdsaspemi@f Bheveieafinm gherhis Pesviidsd &g eXpAsyer at e.

25According to a fifth aspect of the invention, there is provided an
exposur e apparatus which exposes an object with exposure light via an optical member, including:

a moving body which holds the object and is movable in a predetermined plane, and in
15  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
20  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.

25 According to a fifth aspect of the invention, there is provided an exposuré



4 met hod of exposing an object with exposure |ight, including:
measuring positional information of the noving object in a
predeterm ned plane by an encoder system which uses a scal e nenber of
a novi ng body hol ding the object, noving the noving body, and
exposi ng the object; detecting information regarding foreign matter
on a surface of the SScaIe .menher and th% size of the foreign matter;
and det er niPRPAGOVFTEPHRS abebisrd Vit sEPeuE lightranphuding: neasusing #gsigpnal ne
basis of the detection result. According to a sixth aspect of
the i nvent m&umatienseldhe moyng gbigetdn ARredRisERinpEPiaR Phow FCOdsK pYdTh iy hich
object with exposure light, including: measuring positional

i nf or mat i owsedd sqakpemerpher o a @bj\'i;xgtbOidn heldimg dlhteeberati medngiba meving bady, and
encoder system which 10 uses a scal e nenber of a noving body hol di ng
t he obj ectegxpoung thg objeet; derwéting ildooyatioameaedippBir¢ign tnheereinjasotface of the
detecting foreign matter on a surface of the scale nenber; and

per f or i ngschleeneaiteamidiie site bhe Craing maoér; hibdaanmining wheita& omaeithe scale
foreign matter which is not acceptable in the exposure is detected.

Accor di ng fhemBerSEMEHed oR Seabis Of the AereétbagBdulion, there is provided an
exposure 15method of exposing an object with exposure light via an

optical menmber, ARG WH Q sixtH Asped?9f éh@ uﬁl%h&ﬁkheﬁﬁ% Br&rfldeﬁ g e%&éu re
| i ght between t he optical nenber and the o ject with a liquid

ot cdet er e i 1’%%2*’%*%1 PSRN SRR DR gPionl
xposing LR 4B ﬁ%%g& eﬁéi"é%ﬁhpﬂﬁ%‘g? %“%0&9 b p Bl i

conpared with th at. th ean

scal o nblgssasca% mélnbge 357 goNge: 8%5&115 eho i) ol %W@Viﬂ%&gﬁvz B,
there is provided a device ma ufacturln od i ch_incl udes:

exposi ng a*80HY g phiecls fgierting r&‘;chS‘?ﬁtP’é cg 'E)F‘ii‘ier@erflﬁertﬁ’él fifth
to seventh aspects; and devel oping the ex osed substrate. 25According
to the ni rReHOHBINE e deaningorit aecﬁﬁ thqq@éﬁ@ medeyhepiferstenratie aish i

5 apparatus which exposes a substrate with exposure light, including:
a novi ng bwdgeceprabipiicthe sxpesateds drieriesk i ncluding a grating is
di sposed, and which holds the substrate and is novable in a
predet er mi ned plaenardingro epeedbrasparsolahe wbnlonhdsreas prsded en exposwpabl e
facing the scal e nenber and neasures positional information of the
novi nglSbodyethed éffe@posing 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
20  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.

25 According to the ninth aspect of the invention, there is provided an exposure



5 predeterm ned plane by the head; a drive systemwhich is capabl e of
driving the noving body on the basis of measurenent information of
the encoder systen a detection system which detects information
regarding a surface state of the scale nenber; and a contro

appar atus which controls driving of thé noving body by the drive
systemon the basis of detection infornmation of the detection systen1
in the mi ofRPAHE YERGILEPAYS 215D Séra&sgffli?ha&xeosuz@%eﬁdpﬂvﬁag tagneving pedy

aspect of the invention, there is provided an exposure apparatus

whi ch expogbish a sealgmemberdnelpding @ gr6ag Fsalispogrgs and Weirk belAgthe subssgieapd
body on which a scale nenber including a grating is disposed, and

whi ch hol dis mdvyabls irbs predeternzingdl nlanepwverisoderispstem phédhidiae p eadditing capable an
encoder system which has a head bei ng capabl e of facing the scale
menber andfanegshersesle pesiber anlaheasmeoporitidneninfofmbtien ofold mgvibg tydyi in the
15t he predeterm ned plane by the head; a drive systemwhich is

capabl & of prelddtarming:dtpiene B9 \halgabaddtiveRyitkre wWhisi is capable®adtviagettmoving

i nformation of the encoder system a detection system which detects

forei gn nMegddgon e B4R of GitheirdiRdmb BifornfNeh af 10 Bhdodbr SYMBRAL AHétsctivhis§dlem
determ nes a specific area on the substrate with which at |east a

part of anyhith H&E&@h?&ﬁmﬁéﬁ&g%m%@%u%&%%é 8t thé e ﬁlérnﬂéfeﬁﬂdaa%ﬁgol"men
foreign matter i s disposed on a measur ement area of the h

Here, t hey:g;gahﬁéﬁxs Whi %%}1991@%08 of'thE o%EI‘Bgtthe' g fsl(fﬁélh 8 t}féfba&@ Bt

encoder s emint Irst state In Specl area I s

scanned ang, %ﬁggﬁsamésggftqéagﬁé@%%gs&l%nmda? 8?&? S —

i nvention, erels sure ara exposes” a
substrate mnth ure light, inc 25whi ch hol ds
the substrate aﬁ\(fg?g %956‘1%@' ?Sﬁecg tﬂ’«? ‘&QP?H % g%fﬁ&’x??f“%i ch a
scale 6 nenber in din rating .l s di Spos n encoder S stem
whi ch has %¥PHa%y H!&Fépgsébag?‘etfﬁ?%‘f“é‘&xﬁ%s“f%]égq%%ﬁ%d‘%r?B’é?‘”%ﬁ] dy on

nmeasures positional information of the noving body in the

pr edet er m Wagh ppeaifemeberinchutinga grapngitidisposed. @alp}hlbﬂbh%@s 14e suhiskigfe epd
movi ng body on the basis of nmeasurenent information of the encoder
system a gdawsehle sre ppdaterming phgniecn enspdas s¥stem diardias & headdgingdiapaple
surface state of the scale nenber; and a control apparatus which

det er mi nesofdacpeibe fade memberand nivesusesositiana infarnwtiop lof theenaviseshodg e nt
information is substantially unusable in the driving of the noving
body, IBn tthepledsesniodd mletedptthoheadnd duiveadystom vaficl is eaphbleadtdiiomgsest em
According to a twelfth aspect of the invention, there is provided an
exposur e Ilfleppabalyum ivbah cfxpasesment snfbsiidtiah of WelcAcRPOSIHE alde@rion

i ncludi ng: a noving body which holds the substrate and is novable in

a predet ergykiB@ayREAMLctARre@sICALEN of Yifd ol Whbinftar; iafid & a9RR 8pptatus which
measuring positional information of the noving body in the

predet er m pegnRl-an ecﬁicdarréavcﬁl Y Sdosmyid s aPaidas: aoﬁarpd'f' M i EnihAon

novi ng body on the basis of neasurenent information of the encoder

system ar%?ea%ﬁ@%%ur@ﬂ@ﬁ 1%%ﬁafﬂ§%ﬁ%en foreign matter is disposed on a

20  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

25  which holds the substrate and is movable in a predetermined plane, and in which a scale



15changes a servo gain of the drive systemin a specific area or
stops servo control of the noving body in the mddle of the scanning
exposure of a shot area including the specific area in which
measurenent information of the encoder systemis abnormal on the
substrate. According to a thirteenth aspect of the invention, there
is provided an exposure 20Qapparatus whi ch exposes_a_ substrate with
exposur e | PERber olidingp gRing s isppicg: Hoehrodis S g h@ﬁ%}ﬂ%qsldmgate
and is novable in a predeterm ned pl ane; a neasurenent system which
has an enc@adie elfaciagiherfgala membeesflanensirerposiipgaldpiofiptiay Qdhaygoving
capabl e of mesuring positional information of the noving body in the
pr edet er i edgl iptha peedegrmingd plans; atdsiye g sitenh which yeepalie ofdriving)thp oxbyingn
the basis of nmeasurenent information of 25the nmeasurenent system and
a control tdpandiaissisiel cleamvinianhadormatsuoitive aicodaet systémr addteaion Systdne
used to drive the noving body fromone of the encoder system and the
i nt er f & omeliieli daysd @Orinatib R gatingra safadetifate Sfhs scalétethbe Oldi daatrels of
the other systemto be used after the switching such that output

coor di nat eafi,npﬁl%tut; RichneReRnes ¥ Speeificaneh dnltBe bubk@ité B WATEA Bl nSeASireE@t
the tine of the switching substantially continue, and nakes the 5

manner of jGRMhIWA 8 GutshR AN MMEabROR I BRkisSofdhd &%{riﬁgbo@}, oh bRt Hati&r Of

switching fromone of the encoder systemand the interferoneter

systemto j0eio8 fﬁﬁ&mﬁ){éﬁ %?g%&itonts%erﬁj me of switching fromthe

ot her systemto the one sys According to a fourteenth

aspect of the i \égtgréfsrl%% a pvbeqftﬁ agpgctpo'i’?ﬁ/‘ai ig\?%lti%n qﬁé’r& ?s?%%gég Ay Béu?g

met hod whi ch incluc exposin( substrate using e exposure
dovel ot ngToRBuRY b Gsheryarls “abBsbir D L aoR et of
e b o S P e S SRR 505
regarding a surface state of a scal e nmenber di sposed on a noving body
whi ch hol d%highhis capablagfancasying nositippp) apengtion of e arpyving bady éythg| ane;
nmeasuri ng positional information of
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
15  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
20 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

25  the measurement system; and a control apparatus which switches measurement



15 the novi ng body by an encoder system which has a head facing the
scal e nenber; scanning and exposing the substrate while driving the
novi ng body on the basis of neasurenent information of the encoder
system and controlling the noving body to be driven on the basis of
the detected information in the mddl e7of the scanni ng exposure of

t he substrate. 20Accordi to si xteenth aspect of the inventio
there is pW%‘W@BW ' eé‘ﬁifg‘g&“ée Wd“&)‘?o%ifﬁjﬁg?‘??goféh%%%‘ief Systenpdthe
exposure |ight, includin?: detecting information regarding foreign
matter on WesEERetsrsitien Qiths 9815E St ACHBUPHE OBBERAtHST €16 A tah o
substrate and is novable in a predeterm ned plane;, neasuring

posi t i onal bd ysed pfetthotvishingsecihntbet qugpub senydibgtesel thaersader sysigmand @igi ch
has a head facing the scal e nenber; 25scanni ng and exposi ng the
substr at e inerflemnhténsysigm tahthe nogiofi thelsoaighiog sttisenbaki nohue, 81d makes the
measurenent information of the encoder system determning a specific

area orp t h@amigbst ¢oatiguing the outpuctvoddindtendifferantrd tie tinle @switchiugtoat dnan
area of the exposure light is overlapped when foreign matter is

di sposed O the RS SHMEN an@thR AntOiferbineteNSRRm BNKL Sthérsiyitem h@at By ting
body wi t hout using neasurenent information of the encoder system 5in

a first st@tQitkchinMioatht BReSH8eM ththetn@dydtémScanned and exposed.
According to a seventeenth aspect of the invention, there is provided

an exposure met Moﬁingq§99§dr&9ntﬁ @é@%fgeéﬁvgﬂtfoh, $ROSHbGdbd YBvice

including: detecting Information regarding a surtface state of a scale

b di ) 3 I .
menber dl Sﬁgﬁlg%é i IndIRhed Qﬁc?%%}éldwn%%gbgp% r%lgsﬁbgntl?e &gﬁzflé %%F%Pg?ﬂﬁg tus

novable in a erm ned p positi I on
o oM RS AR SRS SR S BB SF R s FERRY (oo
Cystom and dot AVRPRINRGSa B PGS B BIPTTRR SUBGPALEed ¥ FRVCH ( he
measurenent information is substantially unusable in the driving of
the movi ngMEBerof FROTIRE2 HERSIe ¥ithereosywstlight & lyding Argetngrinformation
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

15  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 c;)ntrolling the moving body to be
driven on the basis of the detected information in the middle of the scanning exposure of
the substrate.

20 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;

25  scanning and exposing the substrate while driving the moving body on the basis of



15According to an eighteenth aspect of the invention, there is

provi ded an exposure nethod of exposing a substrate with exposure

i ght, including: neasuring positional information of a noving body,
whi ch holds the substrate and is novable in a predeterm ned plane, by
an encoder system scanning and exposi g the substrate while driving
t he novi ng body on Iﬁgngasis ﬁf negsurenen infqQrmation of the
encoder sy®fH{erEHt Y FiomheYi g ene ol SYe g aderBiniag Regidicayraog ihe
driving the noving body in the specific area or stopping servo
control of SUrEateHYh ihidhcd ieaptp Rapteof g dlmenagiontarra of therfrpayreli@bdur e of
a shot area including the specific area in which the nmeasurenent

i nf or mat i oPvedPRekevhen dordign majter i ispased lon grimgasurementaecam bt ead;end
According to a nineteenth aspect of the invention, there is provided
an exposur éridagrét o ingfbodx pothbwgiskgsudasitremte ivfotomtion b thereecddegfistem
including: neasuring positional 9 information of a noving body,

whi ch hol dis atfivet ssdabisit wisitlethanpecific deviabémnédaml eqapedet er m ned pl ane, by
a measurenment system scanning and exposing the substrate while
driving the noviAgolathto@RetchReRBSikecObf (RERSHIRAPREiiNHoviaBd N Of

t he neasurenent system and sw tching neasurenment information to be

used for dGipkiREndefh®dof BOLIAG a RAEEYrafeAM &DBsRS 1i ,iﬁ&ﬁ&lﬂ%rde&)éﬁﬁgem and
an interferoneter systemof fthe neasurenent systemto the other

system a@ﬂf&ﬁ%ﬁéﬂ%g&’rﬂ&%%uﬁ?&rs hGH £ alR mdnller BAGRED 8Y § M Bollf USed

after the swtching such that the output coordi nates of the encoder
systen1andv hei rf t.en . Qﬁ i f 1. i EQZ
subst ant | o Py Lok B E5 AR KRR R ek iBs Rt MRt et
coordipates.is different .at t{& time qi 10swi t chi fro ne of the
encodeld syBfasmetonetTE vt bpay uhan ol ST prepils o hfelieodie B sl
at the tine of swtching fromthe other stemto the .on st .
Accor di ng TEMECT YtTE PR SERERE (e FubHate MU T B8 s REVIBE PabPulr et o
devi ce manuf acturing net hod whi ch includes: exposing a substrate
usi ng t he FESHUFBeREriRFRationod fhfiegodes S N deeiing @ SpcHir Benhth
aspects; and devel opi ng the exposed substrate. 15 ADVANTAGE OF THE
| NVENTI ON the substratpde whigh iy mepsemmentigiopmating is eubsniiglly vapsable in gt be
suppressed from occurring, and device error can be suppressed from
occur ri ng. drBRiE=H IBESCANPPPONoDMmebigEs DRAVNEGSed information.
15 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;
20  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

25  method of exposing a substrate with exposure light, including: measuring positional



20FIG 1 is a diagramschematically illustrating a configuration of
an exanpl e of an exposure apparatus according to a first enbodi nent.

FIG 2 is a diagramillustrating an exanple of a control system of

t he exposure apparatus according to the first enbodi nent.

FIG 3 is a cross-sectional viewillustrating the vicinity of a final
optical elenent, 25an i nrersjon mber, and a substrate stage. 10
FIG 4 is ‘é‘rf]ef“é‘ OR PTANPT 1SR Ya‘t"PgE hpls the shagralgaa é%%@&‘%%a 43

measur enent stage according to the first enbodi nent. FIG 5 is
a pl an vi ebeilqtergnngdplanggby hmedsueanysnt Sy AFNBINE GRGBHI0SISY Secshpstigte
detection szstem and an encoder system according to the first

enbodi ment whiFiryingthe snoyingi bedy aplie|bagis of medshrpment iafaipplien offthes head of
t he encoder system according to the first enbodi nent. FIG 7

I s a side mesureniehugbsteat, ampsvdrchegangakweménttimfermi@ioacd bonsed yetdriving the
according to the first enbodinment. FIG 8 is a flow chart

I 11 ust rsat i mgviag bopefiah oo oanadipbder Ofstenh @ndeani oS ife @D ¥ skint 81 the
10according to the first enbodinent. FIG 9 is a diagramillustrating
an oper at i @BasGreai¥it $sein tb e AXRQSIER, MBRALIAL BSp@RGO6HdeiaRg of thetogrf i r st

enbodi ment .
system to be used after the switching such that the output coordinates of the encoder
system and the interferometer system at the time of the switching substantially continue.
Here, the manner of continuing the output coordinates is different at the time of
10 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 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.

15 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
20 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,

25  an immersion member, and a substrate stage.



FIG 10 is a diagramillustrating an operati on exanple of the
exposure apparatus according to the first enbodinent. 15FIG 11 is a
diagramillustrating an operation exanple of the exposure apparatus
according to the first enbodinment. FIG 12 is a diagramillustrating
an operation exanpl e of the exposure apparatus according to the first

enbodinent. FIG_13 is a diagram schematically illustrating
exanpl e of a cortdct lsarpéaai viers st fingghe ibstase ?t?%esftﬂdé‘r%"d‘a‘?fﬁ@ﬁ%t stage
FIG 14 is a diagramillustrating an operation exanple of the

exposur e afsgendinaus hedugremedinedtthe first enbodiment. FIG 15A is a
diagramillustrating an operation exanple of the exposure apparatus
according to a déeond agyodiwdhistratpgrheicinBBof an aligdinayfrsystem, a detection
illustrating an operation exanple of the exposure 11 apparatus
accordi ng dystetnhendsaomiaodes nyxooh aentding to the first embodiment.
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 operation example of the exposure apparatus
10 according to the first embodiment.
FIG. 9 is a diagram illustrating an operation example of the exposure apparatus
according to the fir‘st embodiment.
FIG. 10 is a diagram illustrating an operation example of the exposure apparatus
according to the first embodiment.
15 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
20 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.

25 FIG. 15B is a diagram illustrating an operation example of the exposure



FIG 16 is a flow chart illustrating an operation exanple of the
exposure apparatus according to a third enbodi nent. FI G
17A is a diagramillustrating an operation exanple of the exposure
S5apparatus according to the third enbodi nent. FIG 17Bis a
diagramillustrating an operation exanpl e of the exposure apparatus
according to the third enbodi nent. FIG 18 is a diagram

i 11 ustr at i IR axeFing toghe geceprbembedimeittea according to the third
enbodiment. 10FIG 19 is a diagramillustrating an operation exanple
of the exposur e Fgpdrias tlowabaw tithistgingantoperatitn ¢xdmplehd dhengxppsure

FIG 20 is a flow chart illustrating an exanple of a manufacturing
process of appamius accoddng men third ePESTRIEMTI ON OF THE REFERENCE SYMBOLS
1. MASK STACE, 2: SUBSTRATE STAGE, 3: MEASUREMENT STACE, 4: FIRST
DRI VI NG SYSTEM HG. ISBGOND abRimVilINEraB) S A bperftion@xhif e SPREAREy sulk
CONTROL APPARATUS, 10: STORAGE APPARATUS, 11: | MVERSI ON MEMBER, 12:

INTERFS?OR% RS Y&bNhg 3he BRiEmMbo@MeaYSTEM 14: 20 ENCODER SYSTEM
15: ALIGN SYSTEM 16: TIP OPTI CAL ELEMENT, 19: SUPPLY PORT, 20:

RECOVERY PORT, 24¢ X (R . Y
APPARATUS, 48 v PEAD. S0 oy HERE A CRR A AR o sy

SUBSTRATE [EXCHONGE R T (0 R oSFEEND. SUBSTRATE EXCHANGE POSI T O
EL: EXPOSURE LI GHT, EP: EXPCSURE 25 POSI TION, EX: EXPOSURE APPARATUS,

HI: FIRST REG OI\-J"IG.l_f%:is § 51%% ill%&rating 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 the third embodiment.
FIG. 20 is a flow chart illustrating an example of a manufacturing process of a

micro device.

15  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:

20 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

25  POSITION, EX: EXPOSURE APPARATUS, HI: FIRST REGION, H2: SECOND



REG ON, LQ LIQUID, LS: I MVERSI ON SPACE (I MMERSI ON REG QN), NCA:

NON- CONTACT AREA, P: SUBSTRATE, PL: PRQIECTI ON OPTI CAL SYSTEM RG
DB- FRACTI ON GRATING Ti: FIRST PLATE, T2: SCALE MEMBER 5 DESCRI PTI ON
OF EMBCODI MENTS Herei nafter, enbodi ments of the invention wll
be described with reference to the dral ngs, but the invention is not
limted thereto. follow n escription, the XYZ orthogona
coor i nat cREGISEAOL O ahks R EeS T SPREs MDY RGN AR s o
bet ween the respective nenbers will be described with reference to
the XYZ orN%Tg%gaﬂTAﬁTc%%%i i B SRRATEMPLTRBOJEQLICN @PTEeAL 8% SITEM,
assuned to be set in a predetermned direction in a horizontal plane,
t he Y- axi sRdi PEIHRAGITON gGRATMEG Tlo FHSSREATH T2 8CAeENMENBER
perpendicular to the X-axis direction in the horizontal plane, and
the Z-axis direction is assuned to be set in a direction (that is, a
vertical direction) perpendicular to the X-axis direction and the

Y- axi s i rBESCRIPTION GHHEMBODIMENTS&t i on directions around the X axis,
the 15Y axis, and the Z axis are assuned as the OX, the OY, and the

OZ directions, Rsqedlek, \calbydintehisiof theEMAELARAL Be describedAvithl refefence to
enbodi nent will be described. FIG 1 is a diagram schematically

i I'Tustrat itﬁ@dﬁu@x@%ﬁhﬂ‘tﬁe@h&éﬁﬁo@fs ﬁ?llﬁﬁ@d@kﬁ:t@f I8 theSSRIFHE Qe RAPESATHES
EX according to e first enbodi nent. |s a di agram

appar a1 32"E%@@%%?@?ﬁ&%f%ﬁ?ﬁeﬁﬁﬂilé%’*é%ﬁ%&%pe@ ah@%%’%ﬁﬁ@@%«ﬁﬁaﬁshl m
t he eXpOS%V%?\IAJ%ﬁ% I%E %tnﬁén%dntér% E'ell ﬁ@&? ﬂe]:ilwel erenc %\)}ﬁ %ﬁ(r hggonal

appar at us {rate st

substrate P a dis maasurerrent S a 2 whi,ch do not
hol d {1 sEBEbaL s¢en ?hséfm% BP%H@PW&%E %ﬁggwrsﬂféwm? Gar di ng
exposure, as disclqgsed i cifications of US Patent

6, 897, 963 ‘ﬁﬁ’&“%%&ﬂl?b‘é%‘ﬁﬁ n‘f‘g s st igs pisBmPE I begt iRy direction
1,713,113. 13 In addition, in this enbodi nent, the exposure
appar at us FEReificnlante the Xraxis diregdra therharizpmialglyis, @@ﬁb%araélsaig)rsatwaxtlas
whi ch exposes the substrate P by an exposure light EL via a liquid
LQ as di sasbumsasldobp sqtiipa §¥§@t§m(%@tti$,@rw}rti9ﬂl discmarg@ﬂtpem@pulardatth axis
Publ i cati on No. 2005/0280791 and US Patent Application Publication
No. 52007/@%20@0ad the Y-axis direction GSIn aldiiod, 1@fatiph direstivns anoendaihp & axdis theEX
is provided with a nask stage 3 which holds a nmask M and i s novabl e,
a substsr at'e asik,age the Zvntic rehedudd i the HXD Hertrd, endtha v dirsctiony,abipectivaly.
measur enent stage 2 nounted with a neasurenent nenber which does not
hol d t he subst r akgsitfrandiR&f or ns predet erm ned neasurenent regarding

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

20  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

25  European Patent Application Publication No. 1,713,113.



10 exposure, a first drive system4 which noves the mask stage 3, a
second drive system5 which noves the substrate stage 1 and the
nmeasurenent stage 2, a base nenber (plate) 7 including a guide
surface 6 which can nove the substrate stage 1 and t he nmeasurenent
stage 2, an illumnation systemIL whith illum nates the nmask M by

the exposure light EL, a projection optical system PL_which projects
a pattern i magquf‘d ‘H%n’h‘hg%* *ﬁlbfém“f%rﬂ?%%ﬁp@ﬁ}"% Pﬁaﬁéuse@?&éﬁ%lg%efee@fge L
on the substrate P, a transport system 8 which transports the
substrat e ¥ AdMASHHIPHIXPABBARRARIEUSOVRIFN StPosss Mie Ybyraidbyan pxnosure light
operations_of the exposure apparatus EX, and a storage apparatus 10
which is thM@@tlmlct]thaﬁéh&@tmctiialtheam@iﬁaﬂims of Hhdateniohepdicationar i ety of
i nformation regardi ng the exposure. In addition, the exposure

appar at us BElicatiqudw 20890240081 aml USRetest AppliceitndtubB&tidn WMo ch can form
an i mrersion space LS such that at |east a part of an optical path of
t he exgosur@7I01gM06EL is filled with the liquid LQ The inmersion
space LS is a space which is filled with the liquid LQ In this

enbodi nent, wat g F(@E8II1 dndedtherkgshrel appateRE EXSs pR®idell Githth th4dk stale 3
addition, the exposure apparatus EX is provided with an

i nt er f er onphigh he!as ¥ HlaQMlahd W inbPabiE aSbBateRPiZE I vaARA ndldy (A€ SRR pof
the mask stage 3, the substrate stage 14 1, "and the neasurenent

stage 2, el polil a%ﬂ%%m?%}qéﬁt%&#ézh%\ﬁﬁleh %thda%%gﬁﬂeﬁl@?ﬁ%{%hﬁéﬁvhﬁ

whi ch detects positiona ormation on the surface o e substrate
posi t 1 onal *BPERE ek @Rt pede R MR BT HR R PGB o
The. | mr 1Mo dr SyLTE I Arme’s P i YRt arsr et 6% SR 124
second | ntUFFERBNEY G Sarue 198 WRrLRe AERUFES §o% 1P 0 THAPBHHEE! 3n
of the substrate stage 1 and the nmeasurenent stage 2. The neasurenent

syst em 13 ipeledingaguids spifacs ¢ whieh e meysdhatabeiratetageml @14 thompaspesment

detection light, and a |ight-receiving apparatus 13B which is
di sposed i¥#g§ 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
15  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
20 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

25  system 12 which measures positional information of the mask stage 3, the substrate stage



predeterm ned positional relationship with respect to the

illum nation apparatus 13A and receives the detection light. The
encoder system 14 includes Y |linear encoders 14A, 14C, 14E, and 1l4F
whi ch neasure positional information of the substrate stage 1
regarding the Y-axis direction, and X I4near encoders 14B and 14D

whi ch measure 15p05|t|onal |nfornat|on of the substrate st age

regar di ng -89 ReARISUEIFRICHISE T 3 FHEFUAN SETTR APCS! a»geém&éetpﬁtqnlfa@%mw
primary alignment system 15A and a secondary ali gnment s stem 15B.
The subst r HiEh Peipals Roxigssl EmARe oA sASE 0f A gURIEVIeEId ar e
substrate P includes a nenber in which a photosensitive filmis
fornmed on subpzaiestage brah ghcoderdysiam 14 idemeeored potiGonahifematipwef the
exanple, a silicon wafer. The photosensitive filmis a filmof a

phot osensi tubsteatersthgy i, ahd aphlgmenessisin) L5 winclachdastires ppsitonal forsabist oft e
P, various filnms different fromthe photosensitive filmmy be
formed.5 Fotheextaopk®, in the substrate P, a protective film (top coat
film may be formed on the photosensitive film The mask Mincludes a

reticle on whi ciTha ifteNérbReRAts@n 1 PinOn8&xtLftsttiftet B Shii 22.£ wilidhS
formed. The 25 mask M includes a transparent nmask on which a

pr edet er m peduRRbb&fishal &férﬁfaﬂ&goﬂﬁé Hﬁsl@stag'le@ b hecOh PRlcREididrmauch
as chrone on a transparent plate such as glass. The transparent nask

i's not éﬂaghi%RP@a@r&%&fuﬂﬁﬁ%@ﬂnﬁgh%ﬁ}@ sQ@sttltaf%rsEh[%HS $ ah@ Eh%qge relhgrﬁ

l'i ght bloc I ng For exa transparent I'nc

hal't tone Lygo Mgk su%erﬁagg*ﬁ% 15 fgitaney, lﬂ%fnagswspﬁmq len, "

thi s enbodi ranspar en

o, 2ot %gﬁﬂq @ﬁti i -rcetg'ﬂyfﬁnggﬁﬁ%wﬁ%@b SH6ER SRR car |

system incl udin ti i ntegrat and a bl ind nmechani sm

i |l umi nat elé“?fgj é’&% 18“&1??93?&0“ ‘P\)ﬁ“gﬁ%&ﬁ‘f‘ﬁ%ﬂ“ﬁf‘h%"ﬂﬁ?%&@aws 18R5na

di stribution _on redetermined illumnation area IR as disclosed in
the speci ficeAYSsdhf %ﬁecusn bghtenfhoesspdcrayiiemn 1 pinsydenyilmaanggcoders 14A,
2003/ 0025890. 10 The illum nation systemI|IL illum nates the exposure

light EL wi4Ch 168 adrlAF mhidkinenswre @ositienal infermation eithasubiskais stage part  of

the mask M which is disposed on the illumnation area IR
regarding the Y-axis direction, and X linear encoders 14B and 14D which measure

15  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

20 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

25  mask M includes a transparent mask on which a predetermined pattern is formed using a



For exanple, as the exposure light EL emtted fromthe illum nation
systemlIL, a far ultraviolet ray (DUV light) such as a bright line (g
line, hline, and i line) emtted froma nmercury lanp and the ICrF
exci mer | aser (wavel ength 248 nm, a vacuumultraviolet |ight 15 (VU
light) such as the ArF exci ner Iayer (Wavel ength 193 nn) and F2 | aser

(wavel engt In this enpodi nent, e exposure
li ght EL, %ﬁ"ﬁi@ﬁ@%@ e %tFFé]SIEﬁ“i“rtg@feoﬁ“@E 4 %‘%ﬁt CRfighgrent
ul travi ol et Ilght) i s enployed. The mask stage 3 has a nask

hol di ng apPaikdt 0af Isritagkp éﬁnﬁm maske eV hielskpavernTis dorpred oy sy e plocking
apparatus 3H is attachable to or detachable fromthe mask M In this
20 enbodi rglat., Honexavepde theoratsprgerd prsak et sncBide pdild soneligperassk ok spatial
that the |ower surface (pattern form ng surface) of the nask M
becones sufsjuamtyi rabdwatioh gte méskh Inhtbis X¥ivibpdiiawet, adTthe nfask b, thdrtranepasgmst em
4 includes an actuator such as a linear notor. The nmask stage 3 hol ds
t he mask Mhavkds emplopetablRarthér, dshibe XskoWan esflecidvermhisk gndybetehploypér at i on
of the first drive system4. In this enbodi nent, the mask stage 3 is
novabl e in threqhejdinii@aidnangeaiL ifteud¥s axillimidaiee quakifig opitel yfremOZ
directions in a state where the mask Mis 16 held by t%e mask

hol di ng apRan@hyan dhtical integrator HAE aBliAd BEERARMORA] TRniSYSURMBbsure light

illunminates the exposure Iight EL on a predetermned ill um natl on
area (pr01Iﬁ%ﬁtﬁ%nﬁéﬁﬁllﬁﬁ)nan?@&stﬁ%ﬁ’ﬁ&c&d e il 1%% nArePIROLECT S
a pattern image of the mask Mon at least a part of the substrate P

di sposed opj S8 I%Q%%HCQ%%@@ ﬁgglﬁté‘kpﬁl%glﬁh %ﬁl{)ﬁc%ﬁ?m? @JO%%@% Wi”li ch

The projection optic stem Ica enent
can face t-he. ubst ate &1h n pt| cal . tical
el orentd whit e 8L Sekir @%ﬂéls & g4 hﬁﬁfa’“& 1 H‘éqE‘PBF"élc?? on
optical sy te PL anmo S,, of
o1 0] o6t i o EPH IS Ry LB o Tt ?(S#MW%II? spoRef Bl P apea IR
light emtt | ng surface (lower surf aceeS 16U which 10 emts the
exposure | |°§ﬁ{‘arﬂﬂe’taé ﬂ?erf'é‘PP%]éghéﬁé‘r?él gd from tsribpmimatiohsysist Lak Ay st em
PL. The exposure light EL emtted fromthe | ower surface 16U of the
final optidavieleereAPUYdigh speh s baighelineds linpeh lingpandriding) qnitted from a
The plurality of optical elements of the projection optical system PL
is held bymerciyadanap aipithe K exramerdpsepikwavelength 748 dmosn vachyra nkranmbds dight
(barrel plate) which is 15supported by three pillars via an
ant i - visbr aMlbhligherhmhias the AFG exdimer lags (dpsddéngtheP3imn)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
20  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

25  directions of the X axis, the Y axis, and the 8Z directions in a state where the mask M is



panmphl et of PCT International Publication No. 2006-038952, the barrel
PK of the projection optical system PL may be hung on a support

menber which is di sposed above the projection optical system PL. For
exanpl e, the projection optical systemPL of this enbodinent is a
reduction 20systemw th a projection nignification such as 1/4, 1/5,
1/8 or the |ike. Further, the projection optical system PL nay be any
one of a Hﬁﬁihﬁﬁﬁﬂmﬁkgﬁﬁ@ﬁa§V§@Bﬁ$%nd a magnification system In

t his enbodi nent, the optical axis AX of the projection optical system
PL i s substanti AMePrajeatian optica systeePlzilmyinates| the exngbere §aht Flnen a
projection optical system PL nay be any one of a refraction system

wi t hout a preddizpinednllopinaiden ared @miention area PR | Blest projctiopgiptipal wistdto 8L a
refraction optical elenent, and a reflective refraction system 17

Wi th a refpregetts apatgt inade o lilemendk Mod aaleas fipad bf ta saptraed diglossdeont .

In addition, the projection optical system PL nay be formed as any
one of 3:n thapeldcadn LRBR ad B Projue it faghificAivag e Thel hrojestiitdptidtlaystage, 1
and the neasurenent stage 2 are novable on the guide 5surface 6 of
the base neRRgmallopticAl ddhheht EHRALL BN ace HRGUEML P, SThE BRA Btika element
substantially parallel to the XY plane. The substrate stage 1 hol ds

the subst rgdig aPopidl biemBRNARE:s ungéga@ cI¥esPlAREmaL Qﬂgnécﬁ'ﬁhcgrf%bﬂ ion

surface 6. The neasurenent stage di sposed separ at el omt he

substrate cﬁ)&rﬁg%ggt%s AP, a'll'ﬁ)ng‘aiﬁ’rmiliry o 8‘5&22‘2@%@%@@%@% ﬂagn&h(gp %91' ssrgtem

surface 6. trate sta

novabl e t gppa p@’%fklaf)&hqucglfe?&ﬁ 1%9 SaCI%'I elin}s_lt%’lﬁ %%cel@ M su el Eﬁ ]whEc'l}e

optical elene 03| § et Fate
S AT S ok b P BB e
oS 1 on. BRI R BysauER i oue B (U paoe B PG FABENIUS of
the final optical elenment 16 is arbrtrarrly referred to
illuminated on the substrate P.
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
I5  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
20  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

25  reflection system without a refraction optical element, and a reflective refraction system



15as an exposure position ER The substrate stage 1 has a
substrate hol di ng apparatus 1H which holds the substrate P. The
substrate hol ding apparatus 1H is attachable to or detachable from
the substrate P. In this enbodi nent, the substrate hol di ng apparat us
1H hol ds the substrate P such that thel’surface (exposure surface) of
t he substrate P js.substantially l1el ta the 20 XY pl ane. The
second dr i Wih ajadiegtionsontisg)) %mlo Tacliog Pl Rlementy  (Ip additionydheor

The substrate stage 1 holds the substrate P and is novable in the XY
pl ane accoPricpPn PLcHSYEHRFAMBbedPradeas sax eprridniiveerisy dpagnagd an n
this enbodi nent, the substrate stage 1 is novable in six directions
of the X avgrightingeyY axis, the Z axis, the OX, the OY, and the OZ
axis directions in a state where the substrate P is held by the
substrat e hol di Aheappan@atstage 25ddHthe nidBsurement stagh2 asuhstabktod thd aigde 1
has an upper surface 17 which is disposed around the substrate

hol di ng apated 616f thEbask Mndnkbes 7.€ Miaabis BRBbdimehe thepaRle stifidedce subétadfialtyne
substrate stage 1 is flat and substantially parallel to the XY plane.

The subst rgkglesicaBex¥ flak. aTEONGLBYAe RAEd | Rélds thB SulstHs Prant ¢ Ihetamteng
apparatus 1H is disposed on the inside of 5the concave portion.

this enmbodmgRit laﬂel”h%dgﬁﬂ@guﬁé%ﬁrﬁg% 1 méiEremRStdzR8 0SS &gﬁd}@d 1 and

t he surface of the substrate P held on the substrate hol
T w ¢ reRaEEB R ARSateal SRS ARN Avabid R R TR LA, R (J*%e%‘ﬁﬁd@ "

substrate R d nonsuistiale 09l dh e %Qﬁﬁﬁtﬁtst%yzsaUChc,ﬁgma 5

surface 1 e sub e surface € Su

P are gfsp sed.on 10su EL%%% E@e sa t beco qu

i e ollbn Bne R lover SRl dhundenal Sofl SeBpR 5. CoBerRifmTy t?1ﬁe
substrate P and asur.enen ui p a neasurenent nber
(opti cal c‘8Wffoﬁ‘t it f{kﬁt’%ﬁ ?}Bﬁt OBE‘%E‘& BIPﬂ’F%t rt ﬂ%‘?eé IHERHINAEOR Posid of
regar di ng exposure The neasurenent stage 2 is novable in _the XY

pl ane accdheiFrgsyts lighiElowhich s epittes frt“ﬁéheslélé’éfrfdl‘rfé?‘t 18U giytbe Epalmpligal
this 15enbodi nent, the nmeasurenent stage 2 is novable in six ‘

di rect i onselesent ke Xnghg descriniionpeloxs the ifureingtiomosition BB ofyhe expesu@Vighand
the OZ directions in a state where at |least a part of the neasurenent
equi prent Elnficinge¢henlowsusueirenitlheitbe fina opticab glementt [6ris tifbgramiyarsiereddnt
stage 2. The neasurenent stage 2 has an upper surface 18 which is

di sposiéd arsaurepdshee 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

20 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 86X, the 8Y, and the 8Z

axis directions in a state where the substrate P is held by the substrate holding apparatus

25 1H.



20 measurement nenber. In this enbodi nent, the upper surface 18 of

t he measurement stage 2 is flat and substantially parallel to the XY
pl ane. In this enbodinent, a control apparatus 9 operates the second
drive systemb5, so that a positional relationship between the
substrate stage 1 and the neasurenent $%age 2 can be adjusted such
that the upper surface 17 of the substrate stage. 1 and the upper
surface 18 of tHeerebXiicstaghtl hat ayeprst sutaee LG aish dedisrasedupdidibei al | y
t he sane plane (to become flush with each other). 19 The
transport Spstaehddingarparains Pdr ¢ Intthis eapdimeat eremppersusfpges! 7efilesdi nent |
the transport system8 is provided with a transport nenber 8A which
can | oad t$vbswatestpgskent bk substantRlly parell¢l e the 3OS plang. e Thelsubstrgte stage 1
apparatus 1H, and a transport nenber 8B which can unl oad the exposed
substr at e Risfarconeavh posivhst Tiat @bitcitchaiding ppseat U kHispbsadtdnghe inside bhe
transport system 8 may | oad the substrate P into the substrate

hol di ngs appacaiddse pdrtiand InmioadbddipetPins tipgdr urfack 10 BY thasuissuttstaat ¢
hol di ng apparatus 1H using one transport menber. The control

appar at us ShdRy fifabb6f the Rffstrat © neldasihd subSirate hblami a@smhg Bl Qe pdadge
position (loading position) CPlI which is different fromthe exposure

posi tion ER mgamia@%@fﬁ %Hﬁgﬂemk@ecﬁ’mi@ ARAJEE e:aéH &hdhe FbR! ﬂl@gl?ostr?tﬁe

hol di ng apparatus 1 addition, the control apparatus 9 noves

substrate t %%ps? d (L I i ng
posi tion) %@q\?ﬁ%ﬁﬂ? gllbg?%?g?)gnt P%t%&eﬁhoga&gg sgarngsolg%gsl%cp i@%a&\ H‘Eﬂ’ﬁ))\?\%len
the substrate P.4s-.unl oaded fromt substrate hol di apparatus 1H.
I this: enpedrnbhdt HEREREES o<l e JIREE bRAE (RUHE RASRBRE! §E
different fromthe second substrate exchange 15position CP2. Further,
the i1 hEGaly SERORTgE BT BAR TG  BBOS: m lar 1o the
second substrate_exchange positiqn CP2 The substrate stage 1
is movabl e in aefﬁlPé‘Eféf”é?Iﬁ?‘HéBg% geesgt beld thyubriraie fr fidcmounts Reaspgmegt
t he exposure_ position EP and the first and second substrate exchange
posi ti ons @PPMEREandEpmessKEmeppMepeiToRiFat @mpgnemhwiieh farrerfarmeadi ng
operation of the substrate 20 P into the substrate hol ding apparat us
1H of t he medstarmdined maagiyementwpgaeding expesved The mepsuemeststaggBgs mavable
exchange position CPl. In addition, the transport system 8 can

per f or m anindird ¥¥ghlang aopediag iccthe operativa of thiessecaidalripe fysoam 5 helngbisst r at e
hol di ng apparatus 1H of the substrate stage 1 which is noved to the
secondl 5 ubsitredirrerexbdmagaraneat ftager? iCRbvabls imgx thectiohanapoKtaxizydtam 8,
the control apparatus 9 can perform a substrate exchanging 25 process

whi ch i ncl ke thetgkid) Mhe0Bd 1RPBY, Ahd B2 X ircditbRadlh B@tet»hi%r@améh'i@ﬂpart of
substrate P from

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

20  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

25  are disposed on substantially the same plane (to become flush with each other).



20 the substrate stage 1 (substrate hol di ng apparatus 1H) which is
noved to the first and second substrate exchange positions CPl and
CP2, and the | oading operation for |oading the unexposed substrate P
to be exposed next into the substrate stage 1 (substrate hol ding
apparatus |H). 5The i mersion nenber 119 can form an i nmersion space
LS with the liqujid LQ such that at | east art of the optigal path
of the exposur eu]:. JrRpsheft sysem;o qag fragipeyy ﬂierfé‘g?rtfaﬁﬁﬁ d Ip s gipbediment, the
enbodi ment, the imrersion nmenber 11 is disposed in the vicinity of
the final GHESPEASYSENERisMovided WiHea [riRfReE MSmbacHbwhich tamipad the|usgeosed
surface 11U which can face an object disposed on the exposure

posi ti on ERbptrate Rimo thetsvblitisiedioldinheppa@tusrhie prd danspem sember §Bwiisht he
i mrersion space LS with the liquid LQin an interval with the object
such that ¢dnemnbypt thealxppetl lulstrate Parex pesubsratel hphdingEAppbetusdéh  (Huehdri nal
optical elenment 16 and the object disposed on the exposure position
EP is fillhdtahdpbrtisisterh Bauiydodd@he filbetrateedts illensubpaachdldng spracitwseid]
such that the optical path of the exposure |ight EL between the | ower
surface | 64ddainldallehd substtaiOPfrofmahe flbeROholdfg aﬁlsbrﬁtta@u@bmg bnelhispdrps ed
on the exposure position EP is filled with the liquid LQ In this
enbodi ment gehbg. | Mersion space LS is formed by the liquid LQ which
is held between the final optical element 16 and the i mrersion nmenber

11 and the obj egt,, c&ﬁkd?gpﬁz%&g{: ‘,!Jt Hl?kresgﬂé Llﬁﬁtlratgktg Mo a]@rsgﬁﬂgstfatf@exchanfg

i mrersi on nmenber 11. The acing t optic enent

and. the i ti%h Sﬂgg}?(?&no]néc%? v&hn&'J 199 re% fr?%l tﬁé: éxg)é’gu g P%grlﬁ% \%R%ne in

a |light e l'ane S

iﬁféﬁmﬁ)teﬁwbg%@ DRaa BB pByRE Et 16.&%}'&%@%@ ofefﬁtbﬂﬁﬂﬂw ﬁéﬁf the

optical elenent 16 |n | udes .at | east onﬁ the sybstrate sta 1 and
the rmeasur@REAL2PEEAGE ?Oﬂeﬁth&dH‘?SFFB’ﬁ‘agF 40 Bpgeard SYOSEH G Edangrd Siion
substrate P which is_held on the substrate stage 1. In addition, the

obj ect 25 (UplopdiagBOsHIRTY 62 whictsis Afeeswt fﬁ’é‘ﬁ%?’g’%%ﬁ?i’%‘é@ R whemibat s)

which are mounted on the 21
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
15  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
20 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 § 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

25  process which includes the unload operation for unloading the exposed substrate P from



measur enent stage 2. For exanple, the final optical elenent 16
and the i mersion nmenber 11 hold the liquid LQ between the upper
surface 17 of the substrate stage 1 disposed on the exposure position
EP and the surface of the substrate P, so that the i mersion space LS
can be 5formed by the liquid LQ In adéetion, the final optica

el ement 16 _and the imrersion nenber 11 hold the liquid LQin an

i nterval wPERuBsHalegige ! (hsiraceldigs gprares Hbehjrikisdngved fogeé figst and

di sposed on the exposure position EP, so that the i mersion space LS
can be f oresendyubsiraihexchatggipgsitions G aad( 3 iyl the boadink operatien for lopdias
substrate P held on the substrate stage 1 is 10di sposed on the
exposur e pdsunixpascEBubyrates todefeypesed hextfintadie sopttiateestage |l dembatraid Bolding
the i mersion nmenber 11. The inmersion nenber 11 fills the opti cal
_path of thepperpssit)e |ight EL between the final optical elenent 16
and the substrate P with the liquid LQ at | east when the substrate P
is expased, so tihatimhl&sidnW&fiSIran cHPREA ah TmseBiddaphesedith #aeighidqup d
LQis held between the final optical elenent 16 and the inmersion

nmenber 11 dLoRpbfit hiheasthPst 6heofticalisdth biBé edpoeure Rizhi@l is PRk woth thhe
exposure light EL emtted fromthe | ower surface 16U of the fina

optical el gefQl61 Hiddniofinep, il infiferbibMHemibkQ 13 dkﬁ%&;‘i 18)-}'@8 Qichf}§ of

substrate P is exposed, so that the i mrersion space or med.

In this e:@Qﬂhﬂ%ﬁ}hcaltePﬂ%ehmg?r%ihg%nﬁlgﬁgﬁid'r bet 11 ﬂﬁs{%w@f’&?f&@ﬁ% @hRArt

of the surface area o e substrate ncl udi ng proj ection area
PR E N e R e R
(he Loter R SerhAerl i TR RIS e A R
ot e T B3 B
nount ed on the neasurenent stage 2 is di sposed on the exposure
posi tion Eptiggy element 16 and the object disposed on the exposure position EP is filled with 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
15  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
20  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

25  includes various measurement members (optical components) which are mounted on the



22 as to face the final optical element 16 and the i mrersion nenber
11. The inmmersion nenber 11 fills the optical path of the exposure

| ight EL between the final optical elenent 16 and the substrate
Fusing the liquid LQ at |east during nmeasuring by the nmeasurenent
menber, so that the i mersion space LSIkcan be formed. During 5
measuring by the nmeasurenent nenber, the liquid LQis held between
the final ‘B%”ts}“i‘?%en'eslt@?\%ﬂt 16 and the irmersion member 11 and the
measur enent nmenber such that the optical path of the exposure |ight
EL enitted fromiohexampie thedinet apticahdement lg ped the irmetsisn; reembes || b heldithel 6
is filled wwth the liquid LQ so that the imersion space LS is
formed. FIlgudl 1LQ bgtwaen the-uppensutface 1'Adfdhe Jubbtate stagei Indjspolsed wri b pkpopuref
the substrate stage 1 10which is disposed on the final optical

el ement 16positive EPramd tisd sorfacesrfitier subdirataP do thaethe ypossicn spasi it cin bER The
i mrersi on nmenber 11 is an annul ar nenber. The i nmrersion nmenber 11 is
di sposed ifarhdiebwvthe liguitl L.Qf Th hédifibr)ale ffal bmtivh]l cd¢rpene N adbthe TlMersion

i mrersi on menber 11 has an opening 11K on a position facing the | ower
surface 16Gkkdbertin@ofd thaliq® QGakn eli@FRRithlBe ufdee sirfaren 8 bpikemenber 11
is provided with a supply port 1519 for supplying the liquid LQ and a

recovery PREdsuréfhehQfage @cRBEddM thdExpobiftt bkitkdd EP, so thar thE SmSERRIn%pRAT t
19 can supply the liquid LQto the optical path of the exposure |ight

EL in ordegrg Ea%ﬁqu{ﬁédhﬁxﬂm ﬁhi@z_space LS. The supply port 19 is
e

di sposed on a predeterm ned position of the imrersion menber 11
Lacing e, obt ! EalciBabi 08 XoEhOiokeSl s ORI SR s
or 0Vt S el BB BEEPIF P ) A S s, oo
S Ben B e nd ) B PR BB .
i ncludes a_supply flow path which is forned on the_inside of the
| mer si on EBRBLPCUrEeR e DAk IRSGALSIBENGAS B e sybsiated ifh the SRR tube
for conneclt [ Pg 25ht he srug%I_y flow path and the liquid sup%!3 ¥ormed.
appar at us lgast wirgnethp sehstrate Pds epiopsde pethaf the fmmergion space LS can
The liquid LQ is held between the final optical element 16 and the immersion member 11
15  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
20  system PLis 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 subsirate 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

25  member mounted on the measurement stage 2 is disposed on the exposure position EP so



the liquid supply apparatus 21 is supplied to the support port 19 via
the flow path 22. The supply port 19 supplies the liquid LQ fromthe
| iquid supply apparatus 21 to the optical path of the exposure |ight
EL. In addition, in this enbodinent, the liquid supply apparatus 21
includes a liquid supply anmount adj ust®hg apparatus including a valve

Smechanism a mass flow controller, and the [ike. The liquid supply
appar at us 210 &af Dedjnas eptica) slefen 1§ pndive immspiqngrenker dhe PINCTHieR t
19 per unit time using the liquid supply anobunt adjusting apparat us.

The recovengmpuril 215 theapticd potherf th expesise light Fhrhetvten theefinal epficdl LQ on
the object facing the |lower surface 1111 of the imersion nmenber 11.
I n this endedémdftand thesubst@terRusongaghyligod 1020 ldast dirisp owewiring by ke
vicinity of the optical path of the exposure |ight EL. The recovery
port 20 i smelisspasedmenbea, forthateheimmerson gast LE am b folneal. | Mwingi on
menber 11 facing the surface of the object. In the recovery port 20,

a pl at & | i keaspehOWSthE BB rerdeht infead bl kHRJiqRidol @ i eld Yet@EenRBE BfalioBtical
di sposed. Further, in the recovery port 20, a nmesh filter which is a

POT OUS  MeNiiGhierit 16 WAL B2 ifmleRRFRmEMBERGY 2R thS WitlaburBAER Sachitr {2k B Hen a
15mesh shape may be disposed. In this enbodinent, at least a part of

the | ower o?ﬁ'&%liﬁﬁl i .ﬁfgo&d?@h }{Pﬁ 1gér£li e logv%rdéluf*faEé)ﬂﬁ} f L BalbY

;
t he | ower ce of t por ous I'n addition e exposure
appar at us S r . Whi_ch
can r ecove(!r%)gc%1 elﬁe%ﬁh%%Lg%%Bﬁthqvé h@h‘& E?égoot%tﬁﬂé(m%&% ?E@a%ﬁﬁéil%\@fﬁa%s
a vacuum system bsor cov t.h The.recover

port 20 2oand 1 HAST aa.caDSF a%ﬁvaﬂﬁy% g W idpi bqéf&%%‘@? T e
ot her via | ow, a fl.ow path 25 includes a rec flow
at il crebigh ol Bt 1hn 8 aey GheBRORHE Dk arEToN Hantey AR Bng a
flow path which is forned in_a recovery tube for connectln t
recovery fPOMBERRMIMRER hdhr imrIPEonRRRSF §1 B5pararltrgnomP erTgth i quid
LQ recovered fromrecovery port 20 is recovered to the liquid
recovery dppeardenmemben]lgs dispospdin thowishity of the fingl eptighkalament il¢ tHies

enbodi nent, the liquid recovery apparatus 24 includes 24
immersion member 11 has an opening 11K on a position facing the lower surface 16U of

the final optical element 16. The immersion member 11 is provided with a supply port

15 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
20 EXis 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

25  the supply flow path and the liquid supply apparatus 21. The liquid LQ delivered from



a liquid recovery anount adjusting apparatus including a valve
mechani sm a mass flow controller, and the like. The |liquid recovery
apparatus 24 can adjust a liquid anmount recovered by the recovery
port 20 per unit time using the liquid recovery anount adjusting
apparatus. 5In this enbodinment, the comdrol apparatus 9 perfornms a

| i quid recovery operation using the recovery port 20 in parallel to a
i quid supPryiaBidsbenly apparasisyyl is peppdindisl the papert port 18 yiathgytlow path|32qui d
space LS can be forned by the liquid LQ between the final optical

el ement 16Tksmsprhy@oulj9supplieadiediguidieQ nemethe ligwid meppbeappamiusid to He

final optical elenent 16 and the inmersion nenber 11. 10The substrate
st age 1 i sompiceMpatiedt the ¢xpotire lightllt. r db eddivdrd imdpiscqpend pobans, tHeHionthd oipplys
attachable to or detachable fromthe substrate P. In this enbodi nent,
t he subst r giparahsl2diimgudes paigaiduspplilamoed udmsting HParaak ithdign wiec k
mechani sm The substrate hol ding apparatus 1H faces the rear surface
of the subgbéahBmPa aack el Bsntloner, LifPthe Sk, f AR 113hidtsappls Upsd4tad 21 Bn The
upper surface 17 of the substrate stage 1 is disposed in the vicinity

of 15the s ﬁﬁgﬁidréﬁioqhtrkgp@féﬁ% ﬁk%ﬁpﬂﬁporT@@p%ﬁttfﬁ&iﬁhgiiﬁ% supply

apparatus 1H holds the substrate P such that the surface of

substrate gaéﬁ%§§§§?§ggh%?hy parallel to the XY plane. In this

enbodi ment the substrate P held on the substrate
hol di ng appar at 1H i ntiall rall el iy [ face
12 ot "Thor bubet rie Hlol Sy BRSO Lol aDRIRL 1 gf e BTASRPEL 18 Spich
surface of .the substrate P | d. on the substrate holdin Oa at us
TH and t neletiBpaR 8t et st th BbetioR Fapelt £ dR s AR abE' on
substantially the s | ane  (substantially becom flush w,.th_each
ot her )1V | rrefgyesy Ié‘?‘fb%g‘i%ﬁ’g‘ﬂf‘s;egfrh e§éf’b‘§f>’r°£taﬂée ‘é“m“éi@lé’ag; ‘Rg]%ﬂ APRILE er
T which is _disposed in the vicinity of the substrate P held on the
subst r at e HeA 18FHGYARaAE dispased on 4 Pradeisrrampd pesitian of thejgnagrgien mgmaer
stage 1 is attachable to or detachable fromthe plate 25 nmenber T. In

t hi s enbodiinfesing thersurfagens theaabiecst dgsherre¢ayesy povi 2k d plaierlkespoptustieember

menber 25
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
15  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
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

25  flow path 25. In addition, in this embodiment, the liquid recovery apparatus 24 includes



hol di ng apparatus 1T which is attachable to or detachable fromthe
plate menber T. In this enbodi nent, the plate nenber hol di ng
apparatus 1T includes a so-called pin chuck nechanism The plate
menber hol di ng apparatus I T is disposed in the vicinity of the
substrate hol di ng apparatus 1H The pl2 e nmenber hol di ng apparatus 1T
faces the 5 | ower surface of the plate nenber T and holds the | ower
surface of a Higid picayesy gmaw adipsting apparatpp inclidinge yabypyaechmiprgsa mpss flow
opening TH in which the substrate P can be di sposed. The pl ate nenber
T hel d on tdngrob¢raand thehkrer Thelidiidgecaperaapparsiuy 74 ¢an adjuspoligud amonttte
vicinity of the substrate P held on the substrate hol di ng apparat us
1H. | n t hi scerbadiytbntecotenepornBepersuit tiacaisvf thehléquidendvegy dihbwoft t he

pl ate nmenber T held on the plate 10menber hol di ng apparatus IT is

di sposed tajiistiag apgaeat@it er surface of the substrate P held on the
substrate hol di ng apparatus 1H via a predeterm ned gap. The plate

menber sol di ng gRAAS ahbsticdnt Bk BsntioN Sppl2ls® FERIGBRSE a ﬁq@u%oté}?bpér%n

upper surface of the plate nmember is substanti ally parallel to the XY

plane. I'n {dySmePROHHBS 20 I iSiraldl ﬂ(oaaclﬁqu subPl opERfLS Al Re 2@5@)’ %Uh the

substrate holdi ng apparatus 1H and the upper “surface of th

15menber T} dqgé) ﬂlapﬂﬂ[:? gﬁd@%&{e iSrE% ?onti'lg{i gﬂ/ g%dﬁ]tﬂfﬁf@%&@eﬁ]—th@ [FRal optical

substanti a par a each ot I on
enbodi nent e.of th ate
hol di ng ap%%’}l%?lg 4—@% BJGF ftac' erl%sur %Itlc%e% erq% gnd fhéct? e 1'Jlefnefli‘el d

on the pl hal di ng.a arat us 1T are di sposed on
subst ant i :fqevré?ﬁbmgﬁ‘?@o’bpﬁﬁ@ ‘?@ubst antially becoming flush with each
ot her). 20That i in this enbodi t he upper surface 17 of the
substrt e stage The siIAGsEes{ 1 RaYee iWB%FfFS Strtaﬁé’oﬁjb‘ﬁ%‘iPPéﬁF‘deeWE‘Fh
the plate nenber T held on the plate nenber hol ding apparatus 1T.
FIG 4 is '82{carbly ey delachadls fem iy Sﬁlh%raéqﬂ%stlpﬁxlﬁerggce@g@eq thp subshate
measur enent stage 2 as viewed fromthe above position. As shown
in FI G 4, hdlging ppparatyspldbingwdes a smcafledipipshvckoechpeiomt olhe subsirdt¢ helding
form of the plate nenber T in the XY plane is a 26 rectangul ar
shape. Theapppetis Al fitds dfe elmsughetwd tnesvbgratéTP amd wiidsahe teaesusiabsofitht e P
can be disposed is in a circle shape. In this enbodi nent, the
pl at e nmenbmbstiatd B fThenpgeraiirfaceridtof theasubstiatehst:azel Idndispesedral the xjeiityiodn
rate. The plate nenber T is fornmed of an optical glass material or a
15  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
20  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 pilate

25 memberT. In this embodiment, the substrate stage 1 is provided with a plate member



5ceram c material (Zerodur (product nane) made by Schott Co., Al 203
or TiC, etc.). The upper surface of the plate nenber T has liquid
repellency with respect to the liquid LQ In this enbodinent, the
upper surface of the plate nenber T is subjected to a liquid
repel l ency process. In this enbodinent2sa filmnade of a materia

i ncl udi ng quorlne is fornmed on the upper surface of the plate nmenber
T, so thathql¢iag appseatusstiy whieh isnitgchaplgup gr dasrchplde Frepicthe platermenskesdet Int o
the liquid LQ For exanple, a material for formng the filmincludes
t et r af | uor thistemplodimesnp ¢hef plate maibeyhaliling hpprakasvc bk hadesra foRFAARd pin chuck
pol ytetrafl uoroet hyl ene (PTFE), Teflon (Registered Trademark), or the
| i ke. Fur tinechaniamma e plate rhanbel doldinggppdretu$ 1T in digppsdalein e \aciniyy oftthe
resin or a silicone resin. In this enbodinment, the plate nenber T

i ncl udes asubbtr#4 hiliiag epparatwhilh Tiaplae mkmbpeividigg Ifpacdne 1T faesaRs
plate T2 which is disposed around the first plate Tl The appearance

(contow, Rt dutRcd & tHA plafe thdibek Tra8d holdaine 1dWerlsOrfAde®r 0¥ Mt RRmber B
rectangul ar shape, and ?he appearance (contour, outline form) of the

second plate T2Th%1§tern¢&ﬁt§%99‘q}a§£n %@&? TH [h RRE e QBbstlala® &B%@'d&goééfi
the second plate which the first plate Ti 1s disposed

rectangul afy te}STAg. gFmBEPr?BS% ﬁﬁtek{%ﬁabéxel?o%ﬁﬂg P#’%% usT AT 113% BJ%ﬁn]ff"h@B

shape 20as I rst ate enbodr e

scal e msnbelgmitnc# gLl nggteg’r f Qhe sub trattgj hglﬁgl%teaﬁ%a?ﬁu%ijl? v atj-llbtlsli rate

stage |. T 'S di'sposed ar oun Kol di ng

1 1 | t hj b t th 1
e 1 svpgment Ihe it S %@e@e}%ﬁﬁ G b BRE e 1l R bat?
nmbodi t th d plate T2 h | 25
|enc|0u::|]ir6ﬁ8 mﬁ@béﬁgﬁf%m%ﬁﬁﬁ t‘%‘é‘glg)[ﬁ%/fgé g%sth? &g? ngﬁgcqq{é”f?%%'gw bhelde

T2 is 27 arbitrari |¥1 referred to _as the scale nenber T2.
on the substrate holding apparatus 1H via a predetermined gap. The plate member

holding apparatus 1T holds the plate member T such that the upper surface of the plate
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

15 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 17T are disposed on substantially the same plane
(substantially becoming flush with each other).

20 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

25  appearance (contour, outline form) of the plate member T in the XY plane is a



In this enbodi ment, the upper surface of the scale nenber T2 has
liquid repellency against the liquid LQ The upper surface of the
scal e nenber T2 substantially becones flush with the surface of the
substrate P which is held on the 5substrate hol ding apparatus 1H. The
substrate stage 1 holds the substrate & such that the upper surface
of the scale nenber T2 and the surface of the substrate P are

di sposed offcteugdarghancal [Mhe pppaingglkd obthg plate mprabes dah avhighrthe subytpate £ can
di sposed such that the upper surface thereof is disposed on

subst ant i abd dispoked is anecipdlastepas the first plate Ti of the substrate
stage 1 and the surface of the substrate P. 10The scal e nenber T2

i ncl udes Y scal dsti26erabdiidentf the plaeasembeand ipfsmbd ofhamateriflovitas loon of
the substrate stage 1 regarding the Y axis direction and X scal es 28
and 29 f orthemas etpaigonHd. t IThBPlatd MEMbEFEL is P6tnl of Aeomicabdlikntidiahten 1
regarding the X axis direction. The Y scale 26 is disposed on the -X

si de W4 h &emmealatdil {ARP ALt Hdthe) Adde B?Sc%tts@@l' &12@37 o BCHS POSAR

on the +X side with respect to the opening TH The X 15scale 28 is

di sposed IO.;SL pbl\Qirfade & tH@pl\ﬁ{etrﬁbrﬁ&% W%E g&@md %é@)@ll&ﬁ? QiR Ges Ek&t 18 1%1{11% 8.

scal e 29 di sposed on the 4- respect t0 the opening TH.

The Y scal l?ﬁhlg OmBd (flm%Zt S éartsu t?)f hﬁ%l %flldf ses(t\lﬁje(?gd % Fyuid

| ongi tudi nal "direction |nc ura 0 gra I ngs ratlng
i ne) RG whi p d redeh E& %g
i ot on. heips) ol ﬁ%&s@%ﬁ B s it o Gl ndis
gratings _% ch. the cycle direction i Hg é is direct e
The X Scalteanasksiie st §ities of tplaye Briabe Tag Lafhh Beder sioge B%F liquid
| ongi t udi nal direction, and |nclude aéplurallty of gratings %ratlng
line) RG vIRPRPGY BItRiTeSpRSS Efbataud bR d EPEe MR 2 gkl for ferméngdhg ki
direction. That is, the X scales 28 and 29 include one di nensional
gratings dnclyggsdsiraliyerogtiyleac-gelueioptsplvinylathpscorolyries (BiAdect i on. 251 n
this enbodi ment, the grating RGis a refraction grating. That is, in
this 28 polytetrafluoroethylene (PTFE), Teflon (Registered Trademark), or the like. Further, a
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
15  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
20  as that of the first plate T1.
In this embodiment, a scale member including a grating RG is disposed on the
substrate stage [. The scale member is disposed around the substrate holding apparatus
1H. 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

25  member including the grating RG.  In the above description, the second plate T2 is



enbodi nent, the Y scales 26 and 27 have the refraction gratings RG of
which the cycle direction is the Y axis direction, and the X scal es
28 and 29 have the refraction gratings RG of which the cycle
direction is the X axis direction. In addition, in this enbodi nent,
the Y scales 26 and 27 are a reflectivef scale, in 5which a reflective
grating (reflective refraction gratin % is formed such that the cycle
direction ?h’éfraébﬁfefege@ﬁéas\?heaﬁ@fﬂﬁm@ég The X scales 28 and 29 are
a reflective scale, in which a reflectlve grating (reflective
refracti on gr at ilmgis ¢rsbddimensdthe upper surface phibie sgald memberdGtiagiquiler eof

is the X axis direction. Further, for the sake of sinplicity
i n the drawpeilgncy agaksGhe diguitlh€). piThe lwppdr stitigce bO thefscde tneabvegFat | ng RG
is shown significantly larger than the actual pitch. The subsequent
drawi ngs adubstantially bh@ngam®sh with the shFacehvd\oie substfate® wiichtidieeld mihe

menber T2 includes two sheets of plate-like nenbers 30A and 30B which

are at tachadstt#: Baging @ﬁ]{h@a'tus iHne THeauBstiatds®agd® MHIRTs tiROAbEtEatslP SRASRA tiQN
the upper side (+Z side) of the plate-like nenber 30B. The refraction

15grating el SurREON tﬁ@&a&%éxﬂ&r tf@l%ﬁdi th%léﬁlff%é%f (H@ﬂhﬁﬁra’tesP iBeispaichiane
on the +Z side) of the |lower plate-like nenb B. The upper

plate- '!kesu@%ﬁﬁy%aﬁ@ s, tﬂ%#ﬂ@%en?b‘éfi" s‘sed@ @%ﬁcﬁ%ﬁﬁ uppET

pl ate-1ike 30B. That is e upper at e-'l

cur face of "FEE PEbR oRRRRl By @"h&%ﬂé’  AREER ! R R,
T R L,
siind (s 1 el i M it

li quid rep8formapndaidae W?&rqt%st%erle@g%rﬁ@arﬂw 3 gcctivn andsealpadicand 29

25(contour, outline form of the second liquid repelling area 17B is
a rect angprame@nap@posmonal information of the substrate stage 1 regarding 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
15  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
20  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.

25 In this embodiment, the grating RG is a refraction grating. That is, in this



29 In this enbodi nent, the upper surface of the first plate Tl is the
first liquid repelling area 17A, and the upper surface of the scale
menber (second plate) T2 is the second liquid repelling area 17B. For
exanple, the first liquid repelling area 17A cones into contact with
the liquid LQ of the imrersion space (28mersion area) LS which
protrudes fromthe 5surface of the substrate P when the substrate P

i s subj ect @Bbedimencthe X s6dles € B/ dpyothe refraction grpfingsiRE et whish the cycle
operation of the substrate P, the first plate Tl has a high

possi bi | i t direstiobsithgY jakis divptigneandile Khealesdsond 28 bayegthe raffactignogratings
exanpl e, on exposing a shot area (which is a so-called edge shot
area) in tR6E gbevhiqhitbe afclexbreciiomis dfe X heis dirbgtonat e P, t he upper surface
(first liquid repelling area 17A) of the first plate T1 di sposed
around of 10t he Isubditiogtieth® dnshodlnsant,ithd VRtASt2BEnb Y7 bieer efigoise seld, irght
EL. On the other hand, the scale nenber T2 has a | ow possibility of
bei ng i3 | uwhioRhesHdadivd HetifX@aRetie fefr@diion Batinklis fotnfed SHdpHA TR yclel N
consideration of an illumnnation quantity of the exposure |ight EL

W th respegtectioh tBRof isied Y Bri@tiReclibnaMhd R @cai&3lsani® IR a EhectivB Scale,
material of the filmformed on the upper surface of the first plate
Ti is differ hali.af j r
surface ofﬁt e(t’hsgclgl3 g& t%re%’B@g?%h@‘%nnvgtrﬁﬁﬁﬁ%%ﬂg@%iﬁq%%gﬁﬁgagrﬁlleg QQ

ot her than,; i I . ypper surface of the first plate Ti
have hi ghec}l}etlag ’Ie{rhS%QSFe‘%tﬂg@tgﬁ%gé‘i{‘g%?ﬁre light EL than the film formed

i gh posel bi : PR R ﬂ%@%ﬁsﬁséﬁlﬂr‘?ﬁ% %\f;éﬁa‘c@%@Fﬂ%ﬁS&“@sgﬁ]’?@% ght
EL [ ' il .
i e T e SRR .

of a glass material, there is a high possibility that the filmwth
t ol er ance YBsaaHENtdrAGREHEE PEQYWE SERCwi || be hard to formon the first
plate Ti. Therefore, as the enbodinment, formng the first plate Ti
separately fromAstidows @%ﬁb@?camﬁﬁn@ﬁggé@hﬁ%&msmﬁ@ of platetliks| at e
Ti is effective. Further, the invention is not limted to
t he above-membdrs e anb3IB whichricattachsdtto ach28eny The plase-tikeimember 30hds
two kinds of films with different tol erances to the exposure |ight
30 EL ar e disposstiomothe tipeer sidp €¥Z side)fodithe pdte-ike nsanver J1Bat he aefchctibre
first liquid repelling area 17A and the second liquid repelling area
17B aris f ofratk RG fis prddidéd emthe upgerkinfgte ¢ivhich Esnthé aurfaed om thettTesidd) b the
liquid repelling area 17A may be the sane as the kind of filmforned

as the secieper plheUike Meaitet 50BN BHe@ppdr phate fiRE mRMBEIA0RA cdvbrs REYupper
sufficient that only one
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
20  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

25  (contour, outline form) of the second liquid repelling area 17B is a rectangular shape.



5liquid repelling area is formed on the same plate. In addition, in
this enbodinment, at |least a part of the upper surface of the plate
menber T nmay becone flush with the surface of the substrate P. That
is, the surface of the substrate P and the upper surface of the plate
menber T may be different in height. I29addition, in this enbodinent,
the plate nenber T is configured to assenble the first plate Ti and

t he scal e Hehisembygimepy, theppperisripsefdhafingilate F1 dnihe fest figpigaepemggrea
single plate. Alternatively, the plate menber T may be forned of

t hree pl at E&\,@nd therupper surface oighestsalamamber(segond plate) 1215 hesedsodilineidt , a
| ongi tudi nal notch may be forned at the edge of the -Y side of the
first platepdling diaz It clforicsarhple nbdfirseBquid hpelfiepten 1pArcbmeningf contaet
first plate T1 with respect to the X axis direction. A nmeasurenent

pl ate 31 i witH hedigapds@df ta ihmersiohspae (rhmnskside atdarl § ohodh)prafudas from the

| ongi tudi nal space which is forned of the notch of the first plate Ti
and thes scalrcdBIThe ubtidate A with GlcaNBRratel #§ shibibdisd ©iRPOPOELrd BFdratione

center portion of the measurenent plate 31 with respect to the X axis

direction. In aggigl eQB@su?e Setdiioh bk%e@ﬁ%ﬁﬂt"e'mﬁhe Bl bRt T ( Bdslatnipat t er n)
SL for nmeasuring a spatial image is forned on the +X side and the -

id f h .
The it partensy &Rt CORRReh kB ' Far Bl & ooy :
pattern SL h%? aﬂ’é% v%hl’ll(ghe a%ogglli&%l_e%f]ge thot 91%5 1% the gprr%gﬁergiep% oq"Qh Q]Bﬁ%ﬂ?‘é HS

32. Apair o neasur
synnetrlcg% di s ct to é% referen
Tk FM  ROF VR RRTES gfeﬁ“%%h%l 4 tepplts e &) ?fﬁgeaﬁm{?lgtﬁ;ﬁ}edispaa%d@é?% ]
whi ch the |d s ar igned . al o he X axi.s %iregg e Y axis
di recti%n.! % SF@F%& 1§‘gﬁ m“’t‘%‘ié{% t&"i’ CHROFYIE fight ‘t\%ﬁ »Fj ¢t
patterns which are respectlvely 31 extended in the X aX|s direction
and the Y %Xpdneaberd? hasp loyposypitity ofibeingdaminatsd by thegxapnyks light ELg2In
includes the slit pattern SL, an optical systemwhich illum nates
light via thisembofimephin eansideration atandllpinigmtion ewaliti of gheesxapmr lighiEEh
receives light via the optical system hi this enbodinent, at |east a
part of t heittlbeppdctwl thelisst platedil mﬁ@mabimnﬁenﬁ@ehmtsdaliqﬁgheafﬁpmoanm
32 is disposed on the inside of
on the upper surface of the first plate T1 is different from the material of the film formed
15  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,
20  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

25  may be formed such that two kinds of films with different tolerances to the exposure light



t he substrate stage I. Next, the interferoneter system 12 wl|
be described. The interferoneter system 12 neasures positional
information of the nask stage 3, the substrate stage 1, and the
measurenent stage 2 in the XY plane. The interferoneter system12 is
provided 10with a first interferonmeter3unit 12A for mneasuring
positional _information of the mask stage 3 in the XY plane, and a
second i nt BFpefarmadan thaprpen ssface pf the saing platg, 399 4he fishliguid epellingtesn
of the substrate stage 1 and the nmeasurenment stage 2 in the XY plane.
As shown i W Aud tha secopbliqui¢ sppelling anet &7 aestformaghni gn adalitiang thg ki af édim
with a laser interferometer 33. The first interferoneter unit 12A

i Il um nat edrmebsuhefishliquid gipelling aga 1715 nmyds Wesmpetas sherkietbe fBR fofmddhe
mask stage 3 by the laser interferoneter 33, and neasures the

posi ti onal asithd gscomt liquid epellihganen$ kB St Bgexanplagiskaipe sifficienditing otlyen
axis, the Y axis, and the OZ directions using the neasurenent |ight
via the me@gid RFENthg 844 {sA6An8dn the same e.S NBVMAdtiBn,Fh Gs erhbatiglert, att he
second interferoneter unit 12B is provided with laser interferoneters

34, 35, 36ecatBfardéf thyﬂ%e? Qo4 of ﬂ{eﬁﬂlz&@ﬁq@ﬁ‘iﬁ&eﬂ' mi bécom Blush Wit iRAkA8ce20

measur enent surfaces 1RY and 1RX of the substrate stage 1 by the

| aser inte d It
Sithd Ebt%ﬁr&a% B, Sfhafdins SurrAB s ?xgéﬁlgs;irrﬁgtﬁe Jﬂg)tﬂf@éagfr ﬁl?ﬁl:e of the

i nformation of e substrate stage 1 Ing the X
axis, the i . Eecti,Qns i t-he,.: . ng. | j.ght
via the meBnn et ilE didfertiuh iR g Rk Ry R PERBMRER Che e
interferonete it B illumn ur nt ..surfaces, 2 nd. 2RX
of the. meaBtitestee calTRso fiFe il e FRERHE ATalh pEGHERERLEE Hifins,
and negsures the positional infaormatjon of the 3 asurenent stage
" cqaltit e memeng ety B el o b Sels RiEes gy P B THST i TR
nmeasurenent |ight via the nmeasurenent surfaces 2RY and 2RX. The | aser
i nt er f er onStiermesofjthies Balca PERthe measurenent i ght on the

measur enent surface 1RY of the substrate stage |I. The neasurenent

surface | RY is#5d¢heyniedCon in Hds epepdimertt sxlongifudingbnatsh sy be formedsat

substrate stage 1, and includes a
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

15  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

20 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.

25  Alternatively, the slit pattern SL is two linear slit patterns which are respectively



reflection surface perpendicular to the Y axis. The | aser
interferonmeter 36 illum nates the neasurenent |ight on the
measurenment surface 1RX of the substrate stage |I. The neasurenent
surface 1RX is disposed on the end surface of the +X side of the
substrate stage 1, and includes a refl®kction surface perpendicular to
the X axis. The second 10|nterferoneter unit 12B illum nates the
measur emenfXtedghin the Xt disadqrr wedba Y atis fHBSIONIRY and 1RX by t he

| aser interferonmeters 34 and 36, and receives the nmeasurenent |ight
which is refl ectldd spatial imagrmestirisgenparainy 3 hinekudasiie di@atiRx SLeen eritigel
the positional information of the substrate stage |I in positions

(di spl acenwsntein wifich Hemméssuighimen thestlit paicesSILRYd ahightiB¢iving tlemesipect
to the reference position, that is, the XY plane (X 15axis, Y axis,
and t he OZwhich ectivesisght via theeggidhleysteinn  &ddlistenthodiniemt, tahleast @ pho df tent |
the | aser interferoneters 34 and 36 include a nmulti-axis

- i nterf ey ongyiiehl syhtealdf RSpaiap ikglndayurif HPArheab2 RXxRposeling (FERSE 8rent
val ues of the laser interferometers 34 and 36 are output to the
control appak@sitse AagdNe control apparatus 9 can obtain the
positional information of the substrate stage | regarding five

directions of t%xﬁﬂ?&ﬁhé ]gltolﬂﬁ:teY rﬁazwﬁ?bgﬁ@&?eﬁh% tt&féforﬁé!@r z

directions on the basis o asurenent results o aser

interfer OrTSS,Tstg z%ﬁeaﬁﬁ'lgs ﬁ@s1t onf\l 1nf10r1¥9t?0 Sd mh{}ts?ar %@%ﬁb%}frat%%tagﬁ% an]d

illum nate e neasur e e neas ur surrace

the substrate sta . ment . surface 2RY i s di posed on the
end surfactg © B "%Sta‘%e? qﬁ ?'{J’ep% ubs'Er 13% née § OmeterfySt 013 hePut eé; a
25refl ectio rface_perpendic to the Y axi s

ot or 1O onetes Hisy e an et b Tador W&aSHJé‘ﬁ%B‘?SétiPé‘ﬁP“%i“&ﬁ‘fO“oﬁ thepmask
measur enment surface 2RX of the substrate stage 2. The neasurenent
surface 2RREs in |tf?r?6¥é’@“6rﬁnfl Réecond iergr 8‘8@%‘[‘“‘% 1(’?@ foxmepsyging positipnal

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

As shown in FIG. 1, the first interferometer unit 12A is provided with a laser
interferometer 33. The first interferometer unit 12A illuminates measurement light on a
15  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 6Z 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 secend interferometer unit 12B illuminates
20  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 07 directions using the measurement light via
the measurement surfaces 1RY and IRX. In addition, the second interferometer unit
12B illuminates measurement surfaces 2RY and 2RX of the measurement stage 2 by the

25  laser interferometers 35 and 37, and measures the positional information of the



stage 2, and includes a reflection surface perpendicular to the X
axis. The second interferonmeter unit 12B illum nates the neasurenent
| i ght on the neasurenent surfaces 5 2RY and 2RX by the | aser
interferoneters 35 and 37, and receives the nmeasurenent |ight which
is reflected on the neasurenent surfac¥s 2RY and 2RX, so that the
positional information of the substrate stage 2 in positions.

( di spl acen@gasyregient fitgeriaasaidiaadin X 8xip fth%?égXlEsFWdahﬂﬁgﬂiﬁOW@wSﬂ@sib@ct
to the reference position, that is, the XY plane (X axis, Y axis, and
the Z di rmedshensht ight mabameﬂuremnamhdﬁatdsdm( and 2R.s enbodi nent, the
10l aser interferometers 35 and 37 include a nulti-axis interferoneter
whi ch has a pl urikildsyr iaferfofincter|34 dkasinatdhide MRASKEBITR Hhovalthees of t he
| aser interferometers 35 and 37 are output to the control apparatus

9. The co ﬁhé@hreﬁ@ﬁﬁdu%ébslﬁ 6RiRe OWtsautd stabe1.p OBiicl th&R@embenf saFfag IRONis Of
the substrate stage 2 regarding five directions of the X axis, the Y

axis, tge &Qﬁ)osécﬂﬁl thy enfrabdI8r (AL + His[RGE lffé@ﬁbs@t@tetslfhegetiaeﬁidﬁnﬁﬁdés Qe

measurenent results of the |aser 15interferoneters 35 and

Next, t hezlgﬁgcgfgﬁgzmh (gé{?g&ﬁcﬁar% hle%@esg{e lcr&%ldeMrfeEtnﬁd&ér%rﬁqﬂ&ﬁmE@s

FIGS. 1, asurement stage 2 is provi

plurality gf %Es%%%eﬁ%t G g’e{sﬂrtemaeﬂtdsu%ce Hin}?”ﬁﬂe szﬁ?s 2 s§a§$ ?pt‘rt‘f

conponents or ng vari ous rmeas

predeterm ned position o e a nt 20
Dt age 5. rpEmesectoh ¢ R orht f?ﬂc Sﬁrfl % %élaﬁﬁ % O e drisus
pattern is forned sgQ as to_transmt the ex ht E For

exanpl e, t¥aEefl; padinglades refiestipn ﬁ\‘SF?ﬁ%PefB@dé‘gﬁl?étt‘?&‘ﬁ g" éﬁse“d’Pd
spatial image neasurln? system 39 whi ch nmeasures spatial inmages by

t he pri§j edpicsgrogistar ¢ait 135 siuapingses the mepsuqraphis Hehtpnthpamegsaemeneaiiagis of
US Patent Application Laid-Qpen Publication No. 2002-0041377. On the
first nmeasemshiR0byihetieser BErierdnesters poaud o, pidyeccirs themeasuramentlig
fromthe projection optical systemPL 34 for neasuring inmging

char act er i glitke s reflectadenphajnesstieorenppifaca| 1 RYymdd MXPko thiihte ppsitioral

i mage neasuring system39 is provided with the first nmeasurenent
menber 38, infandatéonl of gl subsed staged ialpesigais (fivplaceasai)\if g thémurexpmsur e
light EL via the porous pattern of the first nmeasurenment menber 38.

The cont r Gurfag@aRatangd 18X withirespaat ©Shé Recrecp @stich, khag il the 3B plane Che
first nmeasurenent nenber 38, and receives the exposure light EL via

the pqgousaxi%aﬁ’taﬁfsnalﬁfthé @2 dirbdtRhs) TERSKLRAE Nty arﬁﬁm?ﬁr in38is BbbaGehd Bt
receiving el ément, so that the nmeasurenent of the inmaging

c ha.r a.Ct er Ilgstei‘ ﬁl?erfé dltu{lgrs 8& th? % 1n9ﬁ'1d9 mﬂu?t a)éla}/n%érﬁ:%rﬁé'[eﬂ V§ Qﬁﬂfis%gﬂgghttv

addi tion, ned positi sur ace

10 d ded
i, et oegh 100 £ DePNR TR B TR o LA
| ht EL. F th t 40 t t t
O e SRR AR ISR SRR T I8 o o °

wave front, aberration of the prd|ect|on optlcal system PL as
di scl osed ipformpfongh dhe subgispts Yagedfregaidiap dxm dimeptigns OfNpe X pxtyde Xoaxis, the

t he second
20 09X, 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

25  reflection surface perpendicular to the Y axis. The laser interferometer 37 illuminates



15nmeasur enent nenber 40, the exposure light EL is illum nated from
the projection optical system PL for nmeasuring wave front aberration
of the projection optical system PL. The wave front aberration
measuring system4l is provided with the second neasurenent mnenber
40, and a light receiving elenent for 3%ceiving the exposure |ight EL
via the porous pattern of the second neasurenent nmenber 40. The

cont rol 20thgpisasusenent ighy qn the mesasemenbsusiagt IRK of fheghbstpte siage 2he The
second neasurenent nenber 40, and receives the exposure |ight EL via
t he por ousmpasurearent Yifaph2RX ecdismpsetcasthe én\fbﬁtl’faﬁ%?ﬁig*? +X0idsyf theesubgtigiet
receiving element, so that the neasurenent of the wave front

aberr at i onstage 2, hed jpclofescd iefectiop sz psypstdionliito ite Xpexif.or Bledsecond

In addition, on a predeterm ned position of the upper surface 18 of

t he 25 neamuifermndtersiniid@Ballurainhies thd niasementight ohbeeaddZnient prfavésded
in which a 35 transm ssion pattern is forned so as to transmt the

exposure | 2ghtnd2RX 59 thei@nit@ferdhi@ters 35 hAld PRaASY FRBREE theRkBARerdeht light
constitutes a part of an uneven | | I um nance neasurenent system 43

whi ch neasyfigs isUBAMEN dr the! e RRARGEnP{urfabS ARPARUITEX,Isb ik tHelpoSiBional
di sclosed in the specification of US Patent No. 4,465,368. On the

third measyreneiin mﬂ@ﬁ{bsﬁl%e zt %eti]ﬁ p%fiﬁ?l?)&rj(dﬁsgiakgﬂént)%ft.esmiezls{ulémeﬂfit ed

fromthe projection optical system asuring the uneven

i1 lum nanc li i i S - ], 21

i mge pl an@r@%es?ﬁ? %ﬁ&%}?%%’{v:ﬁgﬁésg%{t focl:%g Ms?‘lifglpcgrﬁ%ﬂh&’#aé 153%@\(}(6?9 la}lQFX

i I'lum nance, suring.system43 i.s provided with the third

reasur eror g Ay aan HA TR onsyE nBiieel S Mebihme it Grbpdeent it

t he exposure light EL via the porous pattern of the third measurenent
nmenberl010 laser infpréerempferscd aap Jameluds agnyltiagisiinefasmerewhich sasa Rluralight
EL on the third neasurenent nenber 42, and receives the exposure

| i ght EL vefeoptibad apesr odbe pgasueanendyaledseof thei laggr imtcatoronasiern 85 peddeare42 by
the light receiving element, so that the neasurenent of the uneven

i Il um nanca:tpit t the centpd sppagathy YhtTHElcontsolpepdransi dan éhtain KMiegpositional
enbodi nent, the upper surface of the first neasurenent nenber 38, the
15 upper swfdrmagorodf thdhabsteaonadeeto@garimgdive diresroas oflifle Xidxés, theEdxis, the
surface of the third neasurenent nenber 42, the upper surface 18 of

the neasur@BAd 0'8laad thedAikehonsondhSPRAKEA tR RsHIGembA rBRIRE bf GBldsaces
of these neasurenent nenbers 38, 40, and 42 are di sposed on

subst apf i aibteis’fﬁfo\jhﬁ{%é‘@?arﬂfﬁne (in the XY plane) (substantially

becom ng fl us one another). 20In this enbodi nent, the spati al
I mage measuring l\ﬁes,(?:tﬂ%%ga%nre}nggt SW%X'E v&i{l%gtdescribed 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
20 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

25  member 38, the exposure light EL is illuminated from the projection optical system PL



aberration measuring system4l, and the uneven illum nance neasuring
system 43 receive the exposure light EL via the projection optical
system PL and the liquid LQ Further, for exanple, the third

measur enent nenber 42 nay be the neasurenent system for measuring the
variation in transmttance of the expo3ure |ight 25EL of the

proj ecti on optical system PL as disclosed in the specification of US
Pat ent No. for ggagring imeeiee Cf&mt%%sdﬁﬁ?tﬂf@ﬁ?‘émé)%%lFyséﬁfm Fhe The spatial
measur ement system for neasuring information regarding the exposure
energy of inHee ewpwsioe eydieryRP ismroviderwith ety measuemeniMegbeydannd ey
measuring system (illum nance nmeasuring system as disclosed in the
speci fi cat light reseivisg efaneanfor Appelvingathe expobare diglddnviPdisl Hocatsipetierilof the
2002- 0061469. 5 Further, in this enbodi nent, for exanple, the final
optical el #remtasienendmenbériB8gi The ampal gipast(sGhileninary theaxposaye light
capabl e of observing a state of the imrersion nenber 11 nmay be

di sposesd OFL b thelTRaShageNEntShedgiRr 38, and receivktht Bk Sosei@ligHi BE Ria, tha

ref erence nmenber 44 is disposed on a side surface on the +Y side of

t he measurQBRtpafbAde the- firbtindabrSmeNRHhHER BE by Eﬂaqlghﬁxfeeéﬁiﬂg RlHRADSS thdd
is a 10rect angul ar shape elongated in the X axis, which rs al so

referred t@ge ﬂéaﬁ:r&ﬁ&‘t‘ﬁfﬁhuﬁ néﬁQr:R 1<Qrof?he &Eétg)‘d%gﬁ 19¢@%erh PRiDAr) -
The reference nenber 44 is |nenat| y supporte e measur enent
stage 2 by g ful{ kinematic nount structure The reference nmenber 44

serves as %1 Standar d (rreasurerrent r ef erence) The ref erence menber 44
I's formed of an,opfl;cal 9 a 22 efTRLRLS Blsiln'd i '°‘é¥s% foacf‘%f?t of
15t her mal expan5|on or FAm-c matert a PRE'SUER for

exanpl t he reference rrerrber 44 s f rrred of Zerod{?r g‘ﬁ r od t nane)
made b sdH%ﬂste@Sn‘Sﬁ%&ZfPé‘tc%‘%‘%le%ﬁ"f"t“i‘f’@‘ ﬁ’ﬁ’ﬂi‘B?f 491}? provided Uiy ‘é’l’é the +Z
side surface) of the reference nenber 44 is high, so_that the

ref er ence FAONBESIOR ARERIS/ErmEd SO ¢ %?”é?’étﬁ@’ee"f?f)%%ﬁ%hgl}t@[t h&oy FxaHle: (heof

the end of the +X side and the -X side of the reference nenber 44,
r ef er ence §EHdiprsurgment member 40 constitutes a part of a wave front aberration measuring

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

15  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

20  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

25  measurement stage 2, a third measurement member 42 is provided in which a



20o0f which the cycle direction is the Y axis direction are forned.
The reference grating 45 includes a diffraction grating. The
reference gratings 45 are di sposed separately by a predeterm ned
distance in the X axis direction. The reference gratings 45 are
symmetrically disposed with respect to3ihe center of the reference
nmenber 44 in the X axis direction. In addition, as shown in FIG 4, a
plural ity GInSpéPoRMAten pploraedyg 4sdo bapspl the erropure Hght Flne rFos grample ths
the reference nenber 44. 37 ~In addition, in this enbodinent,

t he upper %irdfmpesurerpent meentbef 7 eqneétuipp pipait ofian wnegen Hamignpes measpremeat 18
of the neasurenent stage 2 have the liquid repellency against the

li qui d LQ systemt43 whiehrbeaiunesningveholumeinamelof thezxpodur gt ELof daclneeddni al
including fluorine is forned on the upper surface of the reference
menber 44 thadpdcifeat@ppeiUS Battad®. 8,185,668.1 hen the alsitd memnienshagener 42N
addi tion, the upper surfaces of the neasurenent nenbers 38, 40, and
42 al s@ hage expolikedigh€PElsliBianarg &lofsthe pivgectibflbpiital §Pstem PL for MR¥during he
al i gnnent system 15 will be described wth reference to FIG 5. FIG

S is a pl afe ¥h&h illdrifiddca bl 8 ckPRuIBhNEL Wheth i$ IR nAhdGNdHBAL inSa6s ek
15, the detection system 13, and the encoder system 14. Further, in

FIG 5, t s oSt i O : : I m 15
gﬁtw h}éEﬁ&?{;ﬁtlcﬁ sYSEm'PL. ik bEGren 11%911115]?8?&133%{%{%?%&&%{ ﬁ%gs

is provid a primary al il gnment system 15A ng t

position a'BRrLﬁ]hgd Bk bnd ﬂﬁa%%re%é% hERbE: 4311 g@ﬁﬂé@t g&g@@ggeﬁéﬁ]e% fggnment

system 15 prinmary alignnent system ion center

(detection _ref.erence) on t traitght line LV.which.,is parallel to
the. v i SoRntnhaecaeo T SREREMHE SRk Py il il e,

optic systemPL. In this e di.ment, the def.ectjion center of the 15
P ey ol Py eouird st e MBS e bt et ar & GENimeruthen
to the optical axis AX of the projection optical system PL. The

det ecti on rE%‘H'P"ér"'zo‘fndtrﬁ‘é“‘ﬁ‘F itl}?eﬁ"?OS&Fq %@E’t‘”%‘% P%rﬁPslBﬁ&temsOféléep@FQt ed
fromthe optical axis AX of the projection optical systemPL by a

pr edet er i HeAguIgMsngRember 1 dy she light (ecaivingelamant, §§ rab e Masyremens HBet ed
by a support nenber 46. 20In this enbodi nent, the secondary alignnent
syst em 15Bmeyes illdminahenof theexpnsiae lighiiBLgapenirmsgst ens 15Ba, 15Bb,
15Bc, and 15Bd. The secondary alignnent systens 15Ba and 15Bb are

di sposed on t he Inhiséngtmdinerh, thegypec surfape dhibe first measurethdng mewher 3y dteem
15A, and the secondary alignnment system 15Bc and 15Bd are di sposed on
t he - X3si dgpwi subfaccespRetectial inbupemicnBmytmbdridgnte nppes yafemol ha thikhe
detection centers 25(detection reference) of the secondary alignnent

syst em 15BaeR3dméhBheaba 42 N8e 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).

20 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 systemn for measuring the variation in transmittance of the exposure light

25  EL of the projection optical system PL as disclosed in the specification of US Patent No.



38 detection centers (detection reference) of the secondary alignnent
systens 15Bc and 15Bd are substantially in a symetric relation about
the straight line LV. The secondary alignnent systens 15Ba to 15Bd
can rotate in the XY plane about the rotation center 0. As the
secondary alignnment systens 15Ba to 15Bd rotate, the positions of

t hese 5secondary alignnent systens 15Ba to 15Bd are adjusted with
respect t 06,?%032?, g mayjgqntitiicqypart of the measyigmen systeriFNeASHENE f or
exanple, the primary alignnment system 15A and four secondary

al i gnment igf{psmetian resAing thel GBesvengictay o tid expasuraiighe Eal sughaeie (FI A)
schenme in which the broadband detection light, which is not sensed by
t he phot osiinminaiivieqi:@fiiy meaguringsyssoghmatacPmeasiring kysarmes ddcsclosedan
target mark (alignment nmark on the substrate P, etc.), the target

mar kK i magehé gpenifidativn ¢fiES PaarApbhicatish Lhrc@pdnyPublieativa Noe2002e006l 4@t
fromthe target mark and an index (index mark on an index plate

provi ded i n eaclFushdrgiRHE bmByEMeM for RGP R fiAgpkELalslbMentad ahdBgi NY
el enent such as the CCD, and a position of the nmark is nmeasured by

subj ecti ngnfabRg e ﬁdm%?m%rﬁﬂgkaﬁnér@) @PablTBHG BV REESPate 85thd REhSSIASed
in the specification of US Patent No. 5,493, 403." The i maged signals

of the priIH@rEyerqllin‘gigrE%%sp§%ﬁtoﬁ%e]1§%s thehifzeSeCONdary alignment

systens 15Ba to 15Bd are output to e control apparatus 9.

e o ARy PR B0 R ST

5. In this enbo er syste
positional Jnformation of the 20substr.ate. stage %} in the XY plane.
The encoaet BYSPER: Hiwitma Sefife ToliF pRORUPSRt pe e ra e oA o
substrate stage 1 in tp)e XY pl ang usin _éhe scaé:e nber_T2, The
encoddl syBHBTRUE shabesiagttabl (B Kt kA ARHEBEHEH © BAAGRH RHEPor
measuring the positional information of the substrate stage 1
regar di ng RaRer ¥ cafidichyl PadEPIRD- adde sefeienedrenabss 44 és dnematicalhpsupnestador
measuring the positional information of the substrate stage 1
25r egar di rig theljeeaxurgnoent stiige @dyiadhll k@gmatic mountplyuctyre] | near encoder 14A
is provided with a head unit 47A which can face the scal e nenber T2.
The X |inear endbeleaferend® meanher d4 satedh agiatshindartl @achsurementhzBreae)c h Than
face the scale nenber T2. The Y linear encoder 14C is provided with a
head unit réfé@nwhinetbeatd if &omed hfarsaaicel giestaterialPwitl howleddffiear of
encoder 14D is provided with a
15  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
20 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

25 formed on the upper surface of the reference member 44.



5 head unit 47D which can face the scal e nenber T2. Four head units
47A to 47D are disposed so as to surround the inmersion nenber 11.
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 3f&ad units 47A and 47C are

el ongated in the X axis direction. The head unit 47A 10 and the head
unit 47C are syrdtdifiemin thisgrahodaeentihe #preesisiacs ofthe fefaenssmpeaiher 4&i s
AX of the projection optical systemPL. In the XY plane, the distance
bet ween t haddl wrpar suatece 10of e mepsargmast slegd Dhave phd leguid wwypelleany Mainghd
the head unit 47A is substantially simlar to the distance between

t he opti cathe Aguid LAX dh thihemprdonentt fooexaopid, e dilmsyste ofm Rlateapbintlndingead
unit 47C. 15The head unit 47B is di sposed on the -Y side of the

pr oj ect i onfhapint ¢saflormsaisdretie Bhper Sinéach efithe uetefenetaemberdi apd gedipper stbfgcet+Y
side of the projection optical systemPL. The head units 47B and 47D
are el gngatsast themedr@redheadtsoed. I @6 kddition, THeeppaadrfides bf thé Bheafilerhéi? head
unit 47D are symmetrically disposed with respect to the optical axis
AX of the READESSS, A0, Aft42GHo Ifa%fi?l‘m Rlpelldndy bbEnsKiheRi@ELQt he di stance
bet ween the optical axis AX 20of the projection optical system PL and

the head unit 41\}%,{{,%.?}1'%%]&1@@3%&&{1345%%!3 Bschifed Wit %&E&@?@Fﬁfﬁg’eﬁg}é d

the optical axis AX o e prdjection optical systemPL and t

it 47D. . i i . i i i .
48 (6 hoadalApia Blddiis devRORY oPBE Abhflrd shtdil 13, el adlendy NRRMD
di ti ..-Th h 48 of,.th h i.t 47A dj d
ST AT TR ) N S e

passes, t hrough e tical axis_  AX of the projectign optical em
By andC o paral 187 RGIEbS KR 1 PRIHIRA Aoy FOETEoRy U LA it b
a plurality of Y heads 48 (6 heads_ in this enbodi nent) which are

di sposed e%@“%%P%IQQW%I PrmatipR ghthe fhstrate heapd2 sgepngpryalignment system

15B. The primary alignment system 15A has a detection center (detection reference) on
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

15  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.

20 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

25  (detection reference) of the secondary alignment system 15Ba and 15Bb and the



5 head unit 47C are di sposed separately by a predeterm ned gap on the
straight Iine LH which passes through the optical axis AX of the
projection optical systemPL and is parallel to the X axis. The Y
heads 48 of the head units 47A and 47C are can face the scal e nenber
T2. 10The head unit 47A neasures a posigion of the substrate stage 1
inthe Y axis direction using the Y heads 48 and the Y scales 26 of
the scal e ¢aseben congers f[detechiernigiagence) of e segandanpilignmentsystems piRcay) of
the Y heads 48, and constitutes a so-called multi-lens (6 |l enses) Y
| i near enclkidiskard sybstaitiadlylie adymmetric471@ioneabout ths stzaigho dine L¥n Blie sehendary
substrate stage 1 in the Y axis 15direction using the Y heads 48 and
t he Y scal sgn2iéntofysttine 1 SBatod SBdrerotai2 in thé X Yndac: about thelibEtioaseder O.
plurality (6 pieces) of the Y heads 48, and constitutes a so-called

mul ti -1 ensaf thelsepnagsy allgdmene ayste@RaGBa ko 13Hd rotate, the goitibhieofhtRad uni t
47A, an interval between the adjacent Y heads 48 (neasurenent |ight

of the sY r@@&ﬁiaé&ighﬂeﬁth@st&n@l@lﬁ 1911588 bteQdljusfed B re@eciltb @l X Bas W dt h
(length of the 20refraction grating RG be%vveen the Y scales 26 and

27 in the ge%hs direction. Simlarly, in the head unit 47C, an
i nterval between the adjacent Y heads 48 (neasurenent light of the Y

neace 1) 11 SRR AESH Syt S ML M Mol
I — T A A
di sposed aslcﬁg e }nh\\%ic\ﬁ) t%é iblsoag- Jn %Eetie(c)tri]dn l-ilzgrl]'l(ta, wﬁi&ei%%gt sﬁlagse(afbyttﬁ]eephoéjs'ensitive
10  film on the substrate P, is illuminated on a target mark (alignment mark on the substrate P,
etc.), the target mark image formed on the receiving surface by the reflection light from
the target mark and an index (index mark on an index plate provided in each alignment
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
15  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
20 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

25 regarding the X axis direction.



head unit 47B are di sposed separately by a predeterm ned gap on the
straight Iine LV which passes through the optical axis AX of the
projection optical systemPL 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 enbodi nent) which are disposed along3ghe Y axis direction. The X
heads 49 of the head unit 47D are di sposed separately by a

predet er mi ned gafheonlinsaeenspdail§hs promded withiaiheid wasEdswhinh eaglace the
optical axis AX of the projection optical systemPL and is parall el
to the Y ascels.memhizr X2hedusX A@epfenedder Mdhi puovides! witts: bead udif B7B véhichan
face the scal e nenber 10T2. Further, in FIG 5, anong the

pl urality o fideehescalkeackanbe® TOf The hieewt encuder WHDOs peovipdexdtwidf a lidad uxit
heads 49 overlapping with the primary alignnment system 15A is

omtted. 47C whichlbgn facathe Y&ulé mériBed RS Uhe X kneRO&icbdedN4Dfis pld@ided with a
substrate stage 1 in the X axis direction using the X heads 49 and

the X syalgad48it 97D WHechSGafRe MRIREE nledibel T2 N@sed hdaauiits 474 B A5 21

plurality (7 pieces) of the X heads 49, and constitutes a so-called

mul ti -1 ensgihstER3RTY sufrduhd RImARCQNBherhfB 11. The head unit 47D
nmeasures a position of the substrate stage 1 in the X axis direction

[ h h : : : h
nead uni ¢ 470 nave AR BARIRLR U2 P IS ERELRERIEH o
constitut ey 2 60684 LR AOR Ll 1L o ERF RS Ll RRicERERIRE

14D. e head uni i Tnterval _ (
i rect i on TE TEALTT By A 4/t S BB AG R S6F IEREOP of TpSROEILA  ng
i i 1 210y i b RERA TG aersyppsicaHy fispees A hepan Termp Py 4% ok
heads 49 (nmeasurenent |ight of 25the X heads 49) in the Y axis
di recti on hePifsHpPRePiRESYSERd I ditthe(X Emimp thy distrcerhstvrege thegpticg axis
AX of the projection optical systern 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.
15 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
20  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

25  head unit 47A are disposed separately by a predetermined gap on the straight line LH



grating 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
encoder 14E including the Y head 48A which is disposed on the +X side
of the secondary alignnment system 15Ba, and a Y |inear encoder 14F
including the Y head 48B which is dispssed on 5 the -X side of the
secondary alignnment system 15B d. The Y head 48A and the Y head 48B
can face tWeichgaises thionsk thepptical axis AXmpfgheypraisatien opgisalpyeem &l 2 ds

di sposed on the straight |ine which passes through the detection
center of pduwdleptdtheXyaxisl i gnnent system 15A and is parallel to the X
axis. The Y head 48A and the Y head 48B are symetrical ly di sposed

wi th respect t o ThhdekDurdiet7€ris porvided ntithra phratityef 3 hieady 48 @lhegdsrie ritis
system 15A. The interval between the Y head 48A and the Y head 48B is
subst ant i adrhyodirhétit) Whick aretdiposddtaiingahe XakwaasctbnpalThe heidieiSrogfirr ence
gratings 45 of the reference nenber 44. As shown in FIG 5,

when the ciealahit 27C bRl epdrely bE%' fed@ferintiRd %hl;bé‘ﬁ thekRaighaBR LH | S
di sposed on the straight line LV, the Y head 48A and the scal e 27

face each @ﬁicﬁ’bﬂ@émhﬁﬂ?%ﬁ%@%g%cﬁ eadA%8R ¢ o}e@@onYopﬁi_%Qil s§st€f P amd ieach

ot her. The encoder sys can neasure the positional information

of the su .1 regarding the Y axis and the OZ directions
usi ng theb‘%’tﬂﬂﬁE tﬁ%%%gghd 48B. In addition, in this enbodi nent,

the pair of the renc tings 45.0f th efer e er and
the ¥ heads 48a ind Has PuduBAdEni ALt dg c AG BhaRs R el
heads 48A,g%d 48B neasure the reference gratings 45 so as to neasure
the positi of the reference nmenber 44 in the Y axis direction.

The megsurement yal ues of the above-nentioned six |inear encqders 14A
to 14R%re out pdiefepd et onmsasiresppasitnn f tee supprate sipge loin heh axist us 9
controls the position of the substrate stage 1 in the XY plane on the
basi s of tHEcHusiREeRhewnAIesddre ¥ Frales 2ASk e SUnBemEPaId 4 A e oak D
and controls the position of the reference nenber 44 regarding the

43 Oz di r eutti4 hep aphwaliin 6 icess) eftthe Hdasdsd8nandicongitufessa gs-callaé | i near
encoders 14E and 14F.
multi-lens (6 lenses) Y linear encoder 14A.

The head unit 47C measures a position of the substrate stage 1 in the Y axis
15  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
Hght of the Y heads 48) in the X axis direction is smaller than the width (length of the
20 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 (length 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

25  embodiment) which are disposed along the Y axis direction. The X heads 49 of the



In this enbodi ment, each of the linear encoders 14A to 14F is
supported by a frame nenber which supports the projection optical
system PL. Each of the |linear encoders 14A to 14F hangs on the frane
menber via a support menber. Each of the 5linear encoders 14A to 14F
i s disposed above the substrate stage 41 and the neasurenent stage 2.
FIG 6 is a diagramillustrating an exanple of the Y head 48 which is
provi ded altcad gait ¢7B ?Wéhﬁ?oéqﬁ‘ééﬁl?é?tellfbb(anfga)eﬁf@neégan prethy stigight log Lot t he
Y linear encoder 14A is illustrated in a state of facing the Y scale
26. Here, which pondsithiengh ihowpufal etie AX dfabaipraRctidrOopitaltshgiery PILi and ay
encoder 14A is substantially simlar to the configurations of the Y
head 48 ofpadrdilel & the Weais. encoder 14C, the X head 49 of the X linear
encoders 14B and 14D, the Y heads 48A and 48B of the Y |linear
encoders 14E andhé4kad drer4Dniabtorided Wit apl@BE X Radd £B(1Y headieR this
encoder 14A will be described with reference to FIG 6, and the heads

of the t haibREGBOVSICH 48 dls%oékﬂ%ldﬁ@'tﬁe Pexi9drbdiRd. | 'Phetﬁﬁeéiﬁsﬁro'f Bl ON.

15The Y linear encoder 14A neasures the positional information of the

substrate gL adgi 4719 %reld o%drr}]@?ﬂaté bgggﬁed%téﬁﬁﬁﬁ%é% blfthgrsﬁ%ggﬁglew h an

illum nation apparatus 0 e measur e Ight, "an opt| cal
system 51 ,

light-r ece%ﬁga%%g%@ usggg&%})amﬁ ggte?fw n%g'% ﬁﬁ&n@g&g%%ﬁgﬂ%

the Y scalge %%“O%Qege illum nation apparatus 50 includes a |i ght

source SOAPafaor gener a |ng t he measurenment light (laser light) LB, and

a lens system5 oS t icht yreme

i ght LB e &t od OF PRI 9iigHeead Gt e EuR et den s e cae Rgmoe
exanple, the light source 50A includes a sem conductor |aser. The
|IIum]ﬁ)at|762n apparatus 50 enits the neasurement light LB in an
oblique direction by 450 with respect 25to the Y axis and the Z axis.
44 The opti cal fygh%ﬂﬂ§i(3l5salﬁ%g/ihééhﬂwt¥ af te foheads 4%efi ththesdamit 47D, a

splitter 53, a pair of
part of the X heads 49 overlapping with the primary alignment system 15A is omitted.

Vi a

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
15  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

20  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 (length 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

25  the X heads 49) in the Y axis direction is smaller than the width (length of the refraction



reflection mrrors 54A and 54B, |enses 55A and 55B, X14 pl ates 56A
and 56B, and reflection mnors 57A and 57B. In this enbodi nent, the
pol ari zation splitting surface of the polarization beamsplitter 53
is substantially parallel to the XZ plane. 5The |ight receiving
apparatus 52 includes a polarizer (anadyzer), an optical detector,
and the like. The |ight receiving apparatus 52 outputs signals

cor r esponadgraigng BG} bréwewcthe Kesgalps 'gﬁﬂndt?(? ip e ¥ oHit distctigppar at us 9.

In the Y linear encoder 14A, the neasurenent light LB emtted from
the |ight sourcdnbs@itiens thervarcetien ystom this ppolidadiwitht 4 Yhinkergnewsiot 146 er 53
via the lens system50B so as 10 to be polarized and split. The

pol ari zat i iacluthiegrhespheddtd@A ddclsipldigpesetiiva theneX dida bf e aswnéarg atignmepht
LB into the nmeasurenment |ight LBl based on a P-polarized conponent
and the nmegsemersBas and aghlindaBendddsicdiFancladinSthe of Iedatl 288 whIHI® BRPdsed on
The measurement |ight LBl passing through the polarization splitting

surface ofihg hg smelomezseédnaarytaﬁgﬁﬂqm sididiRN5R8 MBRONESIAUBA i fifer@Rdadon
grating RU di sposed on the Y 1l5scale 26 via the reflection mrror

S54A. The neasuhenRike dda@hheddd2TRAsSSi Ng through the pol arization
splitting surface of the polarization beamsplitter 53 reaches the

diffraction grating RBsVigh 5&%8593%& ﬁi@%_ds ﬂhgg{rm?ﬁﬁm&\?l}wh apalg%s through

illumnating the easur enent t on

or cdet o TG BaP SR EFof A iRy algifhent e o BEL B M)t e 21

X1 4751 at ostiscnestd g e berd eBiree S giricill %@E%Jed%»ﬁgl SHeFoes s0a
?ﬂg g?ﬁ%cﬁfﬁe%%rs a%n?e?eh%%lpgﬁf%aia%g%ﬁ%t%vﬁ'éﬁ“b affggtlv %ktzvg%alﬂ%g’éh?@
incident on the reflection mnors 57A and 58B, and reflected on the

refl ecti orf84 4ndghesY hoad %SE@EmHHN&V similprcie e itervahbetpgen apait @fdhe 45
56A and 56B once nore. The |i incident on X/ 4 plates 56A and 56B
is illum rafeesce gratings 4di dfftheaeter fmqeg}embpm‘tfr RG di sposed on the Y scale
26 via the X/ 4 plates 56A and 56B. The light via the diffraction
grating RG reacheshoweimpdGas.i wehitonceorant hpkulistrate P3@Id dorthe bubstrate
enbodi ment, the light reflected on the reflection mrrors 57A and 57B
reaches t heagbpas dispasad bothelzeaightjpleiliV; the YolkadgdaAnsd tHeheschlaralefach each
direction of the optical path. The two beans of neasurenent

| i ght rseachiherCantihiee Y Bbay48BadndoR: Veade SPfatd R ofhdr.r Othate@ediyr SQ@tew 14
respect to the original direction of the polarization direction.
can measure the positional information of the substrate stage 1 regarding the Y axis and
the 87 directions using the Y heads 48 A and 48B.
In addition, in this embodiment, the pair of the reference gratings 45 of the
reference member 44 and the Y heads 48A and 48B respectively face each other, and the
20 Y heads 48A and 48B measure the reference gratings 43 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 3. 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

25  encoders 14A to 14D, and controls the position of the reference member 44 regarding the



Therefore, the 1st diffraction |light of the neasurenent |ight LBl
previ ously passing through the polarization beamsplitter 53 is

refl ected on the polarization beamsplitter 53 10and i ncident on the
| i ght receiving apparatus 52. The 1st diffraction [ight of the
measurenent |ight LB2 previously reflet¢ted on the polarization beam
splitter 53 passes through the polarization beamsplitter 53, is
coaxi al | y @4 aeersion paghefjasip of the measureingrt values rihg linght engpdarh #E and 14F.
measurenent |light LB 1, and incident on the |ight receiving apparatus
52. Then, two 1dbtHieembodierd) datl atthe tinedr egduklens id Ade MF srupiveted bght
receiving apparatus 1552 are arranged in their polarization direction
by the anafrjti€member wisich ffipoies e pioetioeegicdl Hgeaar dadb obibe liagd
interfere with each other so as to becone the interfering light. The

i nterferinghcbd@hli4A fo HEtRGELS tBY frhfe nRRIbeE AR 2 A REtmpAd BRAWeHeed
into an electric signal according to the intensity of the interfering

light. 4n filSeRpRedi RN 14HiQlisfostM e thdbubfifite stddeNEAN tRNGOAG eneAr

the |l engths of the 20optical paths of two |light beans interfering
wi th each are extrenely short and substantially equal to each
other, so tHat the effect of the air fluctuation can be practically

i gnored. Wen t Y. scale 26..(substrate sta 1),.no Pn.the .
roasur eent i r S0 ACr PR Sk R S RE B RN R B8 phRny gy igea a
di rection)

t he strend?ﬁgggwgﬁgggﬁ?g%?é?ﬁﬂ%&ﬁ?é%%PF?ggﬁgﬁagafH%%gggggghg ggﬁ;nge

G CAT AR MENG L AR ATE L

i nformation éccqrding to the strength change as the nmeasurenent

val ue. 10  ofthe Y linear encoder 14A is substanfially similar to the configurations of the Y head 48
of the Y linear encoder 14C, the X head 49 of the X linear encoders 14B and 14D, the Y
heads 48A and 48B of the Y linear encoders 14E and 14F. Hereinafter, the Y head 48 of
the Y linear encoder 14A will be described with reference to FIG. 6, and the heads of the
other encoders 14B to 14F will be omitted in the description.

15 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.

20 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 50A 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

25  tothe Y axis and the Z axis.



Next, the detection system 13 will be described with reference to
FIGS. 1, 2, 5, and 7. FIG 7 is a side viewillustrating the
detection system 13. 5The detection system 13 detects the positional
information of the substrate P held on the substrate stage 1, the
posi tional information of the upper su#face 17 (upper surface of the
pl ate nenber T) of the substrate stage 1, and the positional )

i nformati on of tHe OBB%FY%QW5ht§é’r‘1‘8dQ§lfW¥h1%P¢¥%?§U%§@ﬁl spdiftaiEs, 2 pair af
t he description below, the surface of the substrate P held on the
subst r at e sflagienyinbhsed4dpme S4B ulehs 85A and Hdhev4 plarct 8¢k and SGHhend 0
plate nmenber T including the first plate Ti and the scal e nenber T2)
of the subgfliediod nsitrage7h, and3dB! hih MRRAboskchA @R pblari2htidnhplitig Sthitaent
stage 2, which are detected by the detection system 13 and

subst ant i ayfltie ptfiddati6h bda $plieeros Rk@RBintiAlLpardiRl lo'thd Kizypidnef erred to
as detecting surfaces. The detection systéem 13 detects the positional

i nfor ion of ¢t f: t he
% and the O drE SRt ekt lﬁﬂﬁ%%éqﬁfs?%%??%% o6 ey

i ncl udes et toq‘a:lnh?l‘?%l%l. t lIﬂQ hgllﬁt nt: édipﬁ\ﬁledtdn k9 oq R éé]g{; cﬁ%gség an

obl i que |nC| ence ene, as e sp ion

Pat ent No. det ection system 13 illum nates the
detection ei‘ Cfnvﬁ%?%hr% t%thﬁlcﬁ?téch aPE/ar%’flS §clet ection points Kij in the

detecting surfa e .t he e and det ect itiona

201 nf or mat 1 on o el BRPEEAPHY D e tarugart ag: LR emE e iost BE gkt f on
in each detectign . point Kij. The detection_system 13 is provided with
the illum W&ECFéﬁAéi)’ﬁaﬁdalﬂtl%‘ thepolgifration anF’LﬁPihH%&@s“%Wél‘a’étS&%?méﬁBls? ght
LU on each of the plurality of detection points Kij in the XY plane
from alf obipibgpeladrederedislit- wiThepeladzaéier beam smisteShspliss e ingtdenton, and
the light receiving apparatus 13B which can receive the detection

| i ght LU vingaswiemenidight EBantoplas measuzBichi light LB 1 based on aPrpolaridedri nat i on

apparatus 13A illum nates the detection [ight LU on each of the
pl ural ity @inpdetseatd tie npasurerserilighidrB2 haedlet ac$-pnhrisadrdoapendnt.om t he
upper side of the detection surface. The illum nation apparatus 13A

enm ts the det ectlhomehigdthert UghTiRIhpassing tiroughniseasbldrizatidiesplitting surface of
photosensitive filmof the substrate P. The |ight receiving apparatus

S513B can rgepoluezaibe be §iiteOsB feh@el tHeldiftatcdh dratingRG URPoskd oHee
i I'lum nation apparatus 13A and reflected on the detecting surface.

The i |{sum RakbeRiARPATREh thiddr 5HA PT Pid Hefuideht 1§ghptgmlagstnsg tﬂfo h the
em ssion apparatuses 13S for emtting the detection |ight
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
20  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 S6A
and 56B converts the incident light into circular polarized light. The circular polarized

light converted by A/4 plates 56A 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



illum nation apparatus 13A enmits the detection light LU from each of

the plurality of em ssion apparatuses 13S and illum nates the
plurality of detection light (light flux) LU 10on the detecting
surface. In this enbodi ment, the plurality of the detection

points Kij of the detection system 13 45 di sposed separately by a
predeterm ned interval along the X axis direction in the detecting
surface. THEA ardd 1M onae nore. apihadightiscid@tor aft plhteui AartdeSGBnie illieieaed on
light LU on each of the plurality of the detection points Kij which

are set al @pgiftrAdioX goating RIDdikpRed bPihe YichiB@6 XM thé RRASlatkd AN 56B.
enbodi ment, the detection points Kij are disposed on a single row

al ong the Ti?]ealt I v%itﬁ@(ﬁffi’a(aﬂorr %Hﬁﬁmedcﬁeﬁkﬁﬂ?l%zaﬁigﬁ baeh %ﬁlftftﬂepfb. PQhnts

Kij on whic e detection t" LU Is I nated are sposed on

the insi deth%%éﬁbggitngeﬁﬁﬁet ]ﬁ%}? re?lreﬁgd ;g}g 8 Ngab 91%16 AT\ gliuﬁSeﬁslx%e?ches the .

direction. ction area i Sposed ween um nati on
appar atus 13A. and the |i.ght_receivjing apparatus. 13B.. In. this

Soenbod: mertra i bideenlfidras gyt R R RE R ESionar e REc 2 ai ng
the X axis diregtion |s substantially equal.to the dianmeifer of th
Substrare P e BobErsiol neam e SR e P QLD B
may be disposed in a matrix shape in the XY plane. For exanple, the
pl ural ity refate hedavidoesnsat to dherpriging flirgfition g5dg palagrjiop HEeoioaxi s
direction may be disposed in tw lines (two rows) in the Y axis

di r ect i on. TiRB@brecthan stalifftabuiandight ofthe encataant bght 3 lrjrevidlisly prasinge

di sposed in the Y axis direction. 48 That is, the plurality of the
det ecti on thmiugh thelfojarizmiontieadisplies &a id raflect¢d orbche balashuipe bédne s@ittet 57Nnd
j are arbitrary natural nunbers) in the XY plane. Further, when the

plurality Hf iidieeneel eellighreR@ving sppakdtushi2s pane dstalifagidnhoakt S
direction are disposed in two lines (two rows) or nore in the Y axis

di recti on, médsudemneRt 185he 1. BD peevidustly rEMR1eRRRithd RMizafiod RAMSpRYESS3 passes
5direction be differently set bétween rows.
through the polarization beam splitter 53, is coaxially synthesized with the 1st diffraction
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
15 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 [4A, the lengths of the
20 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

25  the interfering light is detected by the light receiving apparatus 52. The Y linear



As shown in FIG 5, in this enbodinment, the illum nation apparatus
13A is disposed on the +Y side of the +X end side of the head unit
47C of the encoder system 14. The light receiving apparatus 13B is

di sposed on the +Y side of the -X end side of the heat unit 47A. 10l n
this enbodi nent, the detection area ARgf the detection system13 is
di sposed between the first and second substrate exchange positions
CP1 and CR&cadat 1t heugniobupasitipngl infoomatER sthaddgtett isomgdydaegn 43he
detects the positional information of the detection surface between
the first asduseaecendlsubstrate exchange positions CP1 and CP2 and the
exposure position EP. In other words, the detection system 13 detects
the positional MNexpfies deadctionsyfent hewiBtcabdrtgd SwithfrafeRn¥o®IGE S1, 2, 5,

di sposed between the first and second substrate exchange positions

CP1 and CPggand Hiber i8R Wiy MAstaih® hefdRection systeth 1301 s embodi nent
the detection area AF is di sposed between the i nmersi on nenber 11

(the figal optiegl d.gde@tgq%{bgst&ﬁ)13%@gcl%%ﬁgf-ti%@ r n%f%h%mh%%uﬁgt&!% P

respect to the Y axis ction. In s enbodinent, in parallel to
at |east g part  of pgt gggth | &@ 1 USd &é
yst om 13 PGt 4 bt BR e Ll o R B o AP RBLEE B,
be perforned In this ﬁgb gi nt.. the detection.system1
dot bot st B BERTTPRAP TS e Bh FaUM tretn eRE 12 PRRY OV BRTGR s
hei ght information_Zij ghe det ection syste %3 il lum nates the
det oct i on F BARer COF4GR 18 ALUBIREASHITTON SeEd e HAREITRRIO BF RS TR Pech
the XY 25pl ane, and detects the positional information regarding the
Z axis di rédks sfstete REeld on gty s4betea S8 lpHienPpeispriace 1t/ {upnee pygface of the
information Zij. The detection system 13 illum nates the detection
|i ght WU oMateaember T insduding thafirst platstT liand tepetcale mrearbep &2 nfshaqupstenic t he
detecting surface, and detects the height information Zij according
to the positagednsand the ipper Furface 48 dif the oichomeri¢nd sighe 2.dviierare defpetehby the
detecting surface of each of the plurality of the 5detection points
Kij. detection system 13 and substantially parallel in the XY plane, are arbitrarily referred to

as detecting surfaces.

The detection system 13 detects the positional information of the detecting
15  surface regarding the Z axis, the 8X, and the 8Y 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
20 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

25  Kij.



The light receiving results of the detection system 13 (Iight
receiving apparatus 13B) are output to the control apparatus 9. The
control apparatus 9 can detect the positional information regarding
the Z axis direction on the detecting surface (height direction) and
the oblique directions (OX and BY diregtions) on the basis of the
out put of 10the detection system 13. That is, the control apparatus 9
can acquire the Thedliumiawizn appsratusrdd A dhnmisaies the eetprsion dightfadl on each of the
information) regarding the Z axis direction (height direction) on the
det ect i ng Murfiyod dakdidanminbKijgpuehadatatng amtic¢ Gxmahaugper side efcthe ons)
on the basis of the height information Zij regardi ng each of the
plurality defectibesdfiectTierillpainatien &ippratuk3BA eadd ithie derectibihBght @I whikh is
apparatus 9 acquires the positional information in the height
di rection @ séri€d Bieihe photB@nsitité Akeolthe QABRael ! eThd 19¢ht RRERIng!sbparitul h
respect to a predeterm ned reference surface Zo (for exanple, the
i mage B anBpantERivRid @SdckiBA IGIRIIE &hich YSditdfroBIthd MBmPRSibn b Y
surface) using the height information Zij output fromthe |ight
recei ving . : e, j rac .
pr edet er m %%gﬁlgg%%{%ﬁh%ﬁ t%%?%%&lg%%ém% h eT}E)epglfl%ﬁ&??/ﬁ %@Q{aﬁg 13 %fl gglg)lf%d%d
points Kij_.i i . e ; r h

W1't}§? gﬁ?&?f&?er?ﬁgsliﬁp%gér?{u%s l%%goiéfﬁlit?ﬁ%%hez etécgf)ral‘ %ﬁ_‘slﬁl CThe.

detecting surface i’s ermne osi t1"ona ip wWith

the reference.surface Zo t he tecti.on.. 13 quthuts t i ght
ot ek R aleits S A SR BN o RatorhE Bl o o
state). In ather words, en the detecti surface .and the 2

refer )e nce %F*%@Pﬁt“é‘?sel%é I‘FSH“W?W?‘E B@ﬁd‘@f teegpn aﬂ@Rhw glux) LU
detection surface and the 50 reference surface Zo are in a

pr edet!®r ni Wehe fRISGHESWAICer el at i onshi p), a state of the detecting
system 13 is adjusted (calibration) such that the height information
Zij in a predet & thispebodinagns theplgrlipief the dasctipe peinigHil eldbe figipqtign
apparatus 13B. In addition, the height information Zij on each

measur enersystpwildtis dsposedisgpatately yna piedetcratingt ingryabglongthe 318§ direstiamiyed
in proportion to the difference between the reference surface Zo and
t he posi t itbndaéctingsurtet e cThoillumdianbn hiffiapatusnl 3tahven Alaninge dierdecriianlight
(height direction). Further, the calibration of the detection system
13 can be Ipebh esdved thef phiirakoy aiffHeleteugomyghifth Eijsptath At sétnibghe e aKisi ng
system 39. An exanple of the calibration is disclosed in the

speci fliscatdiRbtidH in U Patprnt. ARRhiscabb@ihcha tid-deRefonpophts KHtdrOMisPed on
2002- 0041377.
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
20  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.

25  Of course, three or more detection points Kij may be disposed in the Y axis direction.



10The control apparatus 9 can obtain the position of the reference
surface Zo of each detection point Kij in the height direction (Z
axis direction) on the basis of the height information Zij regarding
each detection point Kij. In other words, the control apparatus 9 can
obtain the positional relationship betygeen the position in the height
direction of each detection point Kij and the reference surface Zo.
151 n addi t Tl s, theelwalny ob thealofsaticn pent9 Kgamaydist dispesddnie i>glmapex shape (here,
(approxi mat e pl ane, concave-convex information) of the detecting
surface bais#d jait dribigaryafairgmoagibendy hakeXTplan. t Rerteasiten te glivalityeif glet
information Zij regarding each detection point Kij. In this

enbodi ment getdc@ibn 96iﬂfm¢ijﬂdis%m@d\albﬁ1§th9 Xsdxlid @Retion 4k Alspedel ANt lideh Bwo
surface of the substrate is belng detected, the control apparatus 9

measur es thepOshéd Mk Y2 QRS iitQE‘px%feréHP@th%H%[i&ﬁt‘i&ls g% id n the
XY plane using at |east one of the encoder stage 14 and the

interf%rona\;,a%{i?l§yes&iﬁgpeg[g¥%&g&%gl}o%grferorreter unit 12B). At the
[

sanme tine, e novi ng e substrate stage 1 in the XY plane, the

control apparat cont ];a t he ilhu i nation, apparatus. 13A %.the
detecti on syst el M PRy fh et rheuE b PR RRGR Biurah Phis

substratelgvvni h is H,el. t substrat e hql di apparatus 1H 2
desor | bed SBuEEon B ¢ sude sl et 5 fahErd wpi ARG ER e ystont TS
detection area 51 AF regardi n(lg%Bt he X axis Is substantially ,e(gual to
the di anet Bie light feqeivingRparaiie [ 1spirppied ondhe 1Y mide 9t iy Ao siicoh the
substrate P once with respect to the detection area AF regarding the
Y axis di riE@t ¥’ A-he control apparatus 9 can illuminate the
detection light LU on the substantially entire surface of the
substrdt e P. Thdn thés ershddiment; thhdeteatios iateir iyl ofdeedrtestior sskenpt 3 isislésposed
plurality of the detection points Kij on the surface of the substrate
P is refl esteenohe filktaslsefadsubtratergclsnpes positions EP 1 and CP2 erd the @xjimputehe
| i ght receiving apparatus 13B. The |ight receiving apparatus 13B
out put s t hesilieh &Pt | The ddtgiah sptmo i 3ldarectd he pbdtidial gidrmanbooihe daectibh]
corresponding to the position in the height direction of the surface
of the substfaed RiWedntheBBharmdfsetddd sbstrarleixthansé pésiond €PEahd CR2 RAd the S
exposure position EP. In other words, the detection system 13 detects the positional
15  information of the detecting surface which is disposed between the first and second
substrate exchange positions CP! 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
20  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 poinis Kij in the XY

25  plane, and detects the positional information regarding the Z axis direction of each



10Kij, which is received by the control apparatus 9. The control
apparatus 9 can obtain the positional information of the surface of
the substrate P over the entire surface of the substrate P on the
basis of the detection signal output fromthe detection system 13
(l'ight receiving apparatus 13B). In FI4& 5, the substrate stage 1 can
nove t he exposure position EP to which the 15exposure |ight EL
emtted fréntgctinepeinhil apieiheight infosmetian Zig | Khejdeteaimesten), 13tiHeminates t
substrat e exchange position (loading position) CPlL in which the
substr at e tRe dete¢tmadigtit bl on leachsaftist platabtystf shyalelectiampbint Kis@ctba detecting
substrate exchange position (unloading position) CP2 in which the
subst r at e farfiase, umd daetedihé haiphtihforaathstdipiceordin@ge thk.pokitiofidin she Z axis
enbodi ment, the first substrate exchange position CP1 and the second
substrat e @xehen@eighoditdction) oaiie &ty SUIREB L daeRbl the PlusRg 6fthwi t h
respect to the straight line LV. In this enbodi nent, the

det ectipn gy&tieMpdidisikgj.hel d on the substrate hol di ng apparatus 1H
and detects the positional information of the surface of the

substrate P (thedfighRessdysHORI R R Rleci] g{ﬁﬁg‘ggﬁi@&@%%é}%@@%ed)

to the exposure position EP between t su ate exc

position ( 1N [ &1 h r LEd .. That
o' 0"t i SESOREH b oo it 5. KRR B BrP Ll e

posi tional_infor ion. of the surface of the substrate P_in advance
bef or et hePSRBOR IR e ghresar Erg i s fsetiaante et diBspra Fst
(before the exposure process of the substrate P starts). In addition,
in this enBtatioand theipbligns dreeiiong (4% ahdRY fyections)parthebasisif dhegtngt of
matter on the upper surface of the plate nmenber T including the upper
sur f ack® ofthe feteaiiop systeyyd B.acEhapis, thesorica lapparsnb@ eanrrquirathe gelitiomsh, t he
detection system 13 can detect information regarding the size of the
f orei gn neinfoemaigr (slréaca ppetiomlinfaoetiof) reduedisg the & axndiectidi(héighat e
menber T). The size of the foreign matter includes the size in the Z
axi s di r ecditeotiordofl (@ teiid@surfacé el Y olllqaB diredtidnaddd riddy dikdt€ons) on

detection system 13 can
the basis of the height information Zij regarding each of the plurality of the detection
points Kij.

15 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.

20 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
Zo), 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

25  reference surface Zo are matched with each other (or when the detection surface and the



10 detect information regarding the amount of foreign matter on the
upper surface of the scale nenber T2. In addition, the detection
system 13 can detect information regarding the position of the
foreign matter on the upper surface of the scale nmenber T2. In
addition, the detection system 13 can gigtect the area occupied by the
foreign matter per unit area on the upper surface of the scal e menber
T2. That ixsfer¢nge simiface @otsovinremedetarmined positiens ietationshipy arstateofithef t he
foreign matter obtained by the detection system 13 includes at | east
one of t hedetéctieg systean hhitsi adjustet! ealibratomtsuchnther thehéight infanattoneij in a
positional information of the foreign matter, and the occupation area
i nf or mat i opreddteririneedfstteis @atpiairomnthalgght toatilvingrapparattro 1 31X alfipak @itiof, ke
detection system 13 illum nates the detection light LU on the 20

plurality fight Mfoheiios Zijah el AtsukSnienPfoiita SRp@rirony iheAeRc@in dhem
scal e nenber T2, det ects t he positional information of the upper

surfaces of ;3{3en " 5n thAhk GBRfHEELHER Ke R¥drencl L@k 78Mnk gheeach
detection point he height information Zij, and detects the
foreign f I

basi s of | CHE SB Bh ”ﬁte RREE R %"‘Fﬂ 2 R R ?‘y’%%mﬁ? ForhBEme

25mat t

determ nescaml%h?n Rf @lf d&f%t m*}eﬁ‘%{ﬂhe g%%etrform for etxamﬁl% usm% tﬁe Qpa%alt I on

(detection poin
different . 53 from.ot her itions on tﬂ[ er sur he scal e
mermber T2, mage etk ik 8, AR Rl onife (RBEOR 5185 8e R S  got oot s
t he height informati cPZ in the L ity of the detection points
Kij of t heSpﬁfib%‘Tnoé‘lﬁ’f &g é"t"J(S‘f APPllépag?:fg %@%é’f’b}ﬁ?m Ne: %‘f’ 1092 t'er m ned
whet her at | east _one of the height information Zij is abnormal. On
the 5bHkis of tH&edRTEN APPRERIOCHEabiALR theippsifin efethe Faftrieg sueaeHerofor
not there is foreign nmatter on the upper surface of the scale nenber
T2. eat detediioppait Kijyin dfe helght dieicgi (4 afiodimetiporonzhg basicif thfes a
state where the height information Zij (difference between the
r ef er ence might ademipoondd regredihgeaghdetecticrpuiritikgn  Zn pthenworde, the epuirsl
direction) with respect to the reference surface Zo (reference hei ght
apparatus 9 can obtain the positional relationship between the position in the height
direction of each detection point Kij and the reference surface Zo.
15 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
20  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 i2B). 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.

25 As described above, in this embodiment, the size (length) of the detection area



10 information Zr) exceeds a predeterm ned first acceptabl e val ue.
When the height information Zij with respect to the reference surface
Zo is equal to or less than the first acceptable value, it is
determ ned that there is no foreign matter on the upper surface of
the scale nenber T2. Wien there is forgign matter on the upper
surface of the scale nmenber T2, the 15height information Zij in the
det ecti on pbregarddg theéﬁra«esslp@lﬁmtangaltwqaalps@thewbm@w offthecsiebsttage K. or ei gn
matter exists has a different value conpared with the case where the
f or ei gn neTheeefotogmplydiy rexvisg the lsubsardictift anoa withinespedt hetht detectgm anat A r
exi sts on the upper surface of the scale nenber T2 and the size

(whi ch i s fepadsgziee Y egadiédign,tthecdntioDiipachtus@cdah dn)minite tHealefeoti@i Igdht
matter exceeds the predeterm ned first acceptable val ue, the height

20i nf or mat LY Bn Ad subdladtABy fiire 6ikRD oPB Blibskaie PCOThE 8REIHGh light 10U t h e
portion in which the foreign matter exists is abnornal.

thi s enpodiiiBitatedton@adeirasd gr;]lﬁfbh%b/cﬁ‘ttﬁ‘éﬁele%ngﬁgﬁﬁfs fm{ QEhBShSRE of the

information (reference hei ght 1nformation) he upper surface of

the scale éﬁﬁﬁpﬁ{ -E%eflé?:te% %hhﬁiurﬁggoﬂhygtﬂ)%frﬁtgP%d&%elvggbfﬁ‘feégﬂt poi nts

Kij inan 1nitial state o € upper surtace SCa menber

T2. The hel.gh %Q%?a{at”%tm%” %Q‘;ng 110y i) pg)a.{ahus%ﬁ Eﬁm'tﬁ%é fle%ff*ctlon stz

upper 54 sur Scale
storedlnthe st ratus t he init .&the
upper  sur e Yo A el atohuag %wlgﬁorfeﬁemr&w e goson i Bp B2
foreign maj.ter does n e nth surface of the scal
menmber T2. 1@6?0%9%0&%?“5}“ ‘Pitléﬁ? t ra&? gﬁg opthepipalify BE?heéﬁ‘ieF‘&B’é’OHFS t he
scal e nmenber T2 includes a state 5 of the scale menber T2 after.
cl eanilfy. Kih veueh sresaived he therpeireliapparaire? of Tharontiphagparalys P garoliping he
scal e nenber T2 includes a state where the inmersion spacmﬂ( i nrer si on
area) LS dhe pesétianplnfogmp@ron thehwrigeichambpieate Faverghmentirpasiace ofibel
yet. The detection system 13 detects the foreign matter on the basis
of the heisghstraten® o thebagnolghe deiectiop pinalowtfuafremahe ddiection ayseemidriaght T2
inthe initial state which is

receiving apparatus 13B).

In FIG. 5, the substrate stage 1 can move the exposure position EP to which the
15  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

20 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

25  position EP. That is, in this embodiment, the detection system 13 acquires the



10stored in the storage apparatus 10. The control apparatus 9 detects
the foreign matter on the basis of the detection result (height
information Zij) of the detection system 13 and the hei ght
information (reference height information) Zr stored in the storage
apparatus 10. That is, the control appsyatus 9 conpares the detection
result (hei ght |nfornat|on Zij) of the detection system 13 with the
hei ght i nfeasienplgnforpaticarad trecsupfa¢egiithg swbeiratel inoasdyancs befose e egpdswret he
storage apparatus 10. Wen the height information Zij (difference

bet ween t hiéght ELes Bloenane githe subbaterRi(badore e expdsurdprobesi ghthe substrate P
information Zij in the Z axis direction is equal to or nore than the
first accepirahl e val ue) detected by the detection system 13 with
respect to the reference height information Zr stored in the storage
apparatus 10 i s Iggdtatiod, n @is difbodinidh@hd ffecHbL SRteRl 13 aRdielect Bieign
acceptabl e value, the control 20apparatus 9 deternlnes that the

forei grs Mahh@d of XeSippe O rihEEotRRShlhe R nfHRF TS A6 uﬁlq%r kheacdel ﬁ@t ion
points Kij of the upper surface of the scale ne er

addi ti on, tﬂ%gr SORLd & ¢ @&gﬁﬁﬁéd{& §oC ah éag tRhhk H&e&fcﬁ%yﬁémﬁ?%aﬁ &’Jt

matter in axl s |rect|on hei g Irection e basis o the

hei ght i nf,gtmLs e éérhmg‘ﬁ{e sgéeeo‘i‘ tlfe%fo%eg& fetes B'th%’htpﬁyrssbﬁgée]o%th fleS! Z€

of the forelgn na axi's |rec el udes t he

and the | SERETdALPR ey DR R e feri@‘é?@%‘éfﬁﬁfﬁ z
respect to

70y That P4 e r‘tﬁ%a%%&&@%ﬁfpﬁ’wéreirﬁa@ e e sfrt@'flg%s?r e

i ncludes the height information Zij of the forelgn matter.
addi ti$h, defect famagipnieeading the saotngat #"Eﬂlg‘hlﬂibt&? Spis @Pﬁ’e%.@fﬁ?"e%f thte
p05|t|onal S information of the substrate stage 1 using at |east one
of the ence@emesibst &2 11 adion.tibe daiection systamed eansiptrckinformation regayding
sanme tinme, while noving the substrate stage 1 in the XY plane with
respect t ghe hesititetaf¢hd iorei gy mattenln dife upper siefiaescafithmscglgsnesmhet 32. t e
control apparatus 9 detects the height information Zij of the upper
sur f ace ofadtihiensibaleecstonisesteni23 icmn dagrth thefardalvecyylied @y the Joreign tfager per
detection points Kij on the upper surface of the scale 10nmenber T2
and the f amétiagen onathé epped surfige binhe dellembmnber Ty S TR id,3n thidenlstdirhérthe | N
this

15  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
20  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

25  matter on a position (detection point Kij) of which the height information Zij is different



enbodi nent, the positional information (positional information of the
detection |light LU detected fromeach em ssion apparatus 13S of the
illum nation apparatus 13A) of each detection point Kij on the upper
surface of the scale nenber T2 in the coordinate system defined by

t he encoder system 14 (or the interferggreter system 12) is known.
15Therefore, the control apparatus 9 can obtain the positional

i nf or mat i oftomfotheapésitthas e theoppproiunfacd!jthd ssalemeendwoildi nat e syst em
defined by the encoder system 14 (or the interferoneter system 12).
Ther ef ore, the doritis ehbaixpeanahe detectivanywdh B detbtie thedwighi mfratnation Zij in
information of the detection point Kij of which the height

i nf or mat i ofe glukalitp obdhe aétd@ion poindd Kij f the hppdr Bliddcawr thencdle gambed TR, hhe
position of the foreign matter, in the coordi nate 20syst em defi ned by

the encodeg issf@ed ¥he@er dt@si oot fiRMReBE R¥orfMSSERY kslbn&al heohbasi S
of the detection result of the detection system 13 and the

measur e_,rre Nasis @F kﬂetdeféf-mfnlaﬁoﬂéﬁﬁfj Rfis SHSTEMALhLIRE of N8 e BIThRIAMRL RS

system 12). I'n addition, the control apparatus 9 can obtain

the i nforngfion ‘fgﬁﬁﬂkgg¥k@ﬁﬂ9@§Hgé'ﬂf foreign matter on the basis

of the detectlo resu tectlon system 13 25and the
measur enent I’esl’ilhe aﬁ)f %%htir ehel tl(?l orma of 1C ?nq:?ud St%t%n\;&lrh]éflet ngelgﬂ
56 interferoneter sys 1 on, con apparat us
obtain the ze.of .t fore| n matter.in the. XY he. basi s of
Che ot eccnbrridl ey WGt i g@fﬂ&ﬁh@dﬁfewﬁ %ﬁfai%zgﬁ‘b&] ‘?‘ﬁge‘ CIEoPBRy
result of at.|east one of e encoder system 14 an

i nterferoned @rth%gyf%’tsé’fﬁe‘it?“) V"Hh et ithe T?fﬁféﬂ%?ogﬁff'r“iﬂ Z%Bﬁ&?&?q}?l@‘ can
obtain the area occupied by the foreign matter per unit area on the

basi s ¥ tiRETRAERMED Srcerdyprgdrterained firgpgeepinblesialig. ofVhep gherhsight gn

matter in the XY plane.
information Zij with respect to the reference surface Zo is equal to or less than the first

can

acceptable value, it is determined that there is no foreign matter on the upper surface of
the scale member T2.
When there is foreign matter on the upper surface of the scale member T2, the
15  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
20  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 Kij in an initial state of the upper surface of the scale

25 member T2. The height information (reference height information) Zr on the upper



In this enbodi nent, as an exanple of the foreign matter which is
likely to be 10attached to the upper surface of the plate nenber T

i ncl udi ng the upper surface of the scale nenber T2, particles may be
exenplified which float in the arrangenent space of the exposure
apparatus EX. In addition, in this enbgdi nent, the substrate Pis
exposed via the liquid LQ so that the liquid LQ (droplet of the

l i quid LQ surfage didhescalephéribesd2as thisoin#iabsiatais tered whthe kforage hppasdtys 100 be
attached to the upper surface of the plate nenber T. 15l n addition,
as forei gn matt éeravhibecinitiabstate kihy upperberfattod tleadalé metnber Thineludssur f ace
of the plate nenber T, a part of the material generated fromthe
substrat e daewpheRaheiesipl inhit@doed ot eeedhe npper P@ldce of the Beale member T2.
phot osensitive filmor a part of the protective film (top coat film

may be seppdrak@dplb! @eLMNE s@teF iedippeRure@ dtild schiBenehaRAT AL RELIBAY StaleS
likely to be attached to the upper surface of the plate nenber T. In

addi tion, 4Mke ddaRUhGnbeRTO hafitNGeatthol MBI RA, H0 AR Ll kRAtARIhd Wer surface

substrate P cone into contact wth each other, so that a part of the

material off tﬁ@é‘aca%gp&ﬁl%gg’g irfcflllld%s ggﬂfe%e}eothg ﬂﬁml&%%ﬂ'(sﬁﬁlgr@nﬂfler&gg area%LS

I mrer si on space e I nMmersi on space rsion area) of

the liquid ant aj.ni the el uted,naterial | ositioned on the

pl at e nenb()efqutﬁ%ﬁquééngbt%gg T ?Caﬁein&e%rg? e pP%élr%nregiygth space (i mrersion
area) LS and th |.at e. menmber cone jinto.contact wth .ea t.her, so
That 25the T or o4 (kT IBrYORN8 SR domi B hap Hietar S PEE RRER ¢ o
be attached_to 57 surface of the Séate menber

th te nenber T.
Next, an é%%ﬂﬁ*aﬁ%ongqf%ﬁ%@%b%\r%ﬁ ofrfhe tralermember Jdr the 1a{pplsfate whickis

havi ng the above-nenti oned configuration will be described with
ref er elce Yred Hehe piavaee prparatest 10| Ehe gondiod apnseataschiatests the {araigr mejter on
FIGS. 9 to 14. Further, for the sake of sinplicity in the 5draw ngs,
in FIGS. 9hebasixof thedetestionthenlt pigheinfarmationlZihed the dajertiensystys i 2andl 5
are onmtted. In this enbodi ment, an exposure sequence SA
i ncl udi ng thébeigitpodunaicofefaticebeight infremsiids ¢ atoeedPn dred tdrageaipgaratus
matter processing sequence SB including the detection operation of
t he forei gid. mthhids, thecdnel apppatus Huo s die deteeti@rabidt (heighenfofidatione
i ncl uded.
Zij) of the detection system 13 with the height information (reference height information)
15  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
20  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

25  includes the height information Zij (difference between the reference surface Zo and the



10l n the exposure sequence SA, for exanple, the | oading operation,
the alignnment operation, the exposure operation and the unl oadi ng
operation of the substrate P, and the |like are perforned. In this
enbodi ment, in the alignnment operation and the exposure operation of
the substrate P, the control apparatuss® operates the first drive
system 4 on the basis of the measurenent result of the interferoneter
syst em 12 ldight stfoinmtion Zgrin thetZaxid Giraghpn) WithAespearrtd thzonferaics suafase€pt i on
of the mask M held on the mask hol ding apparatus 3H In addition, in

t hi s enbodireferiice hefght hffomiatign @eEnt Tajpds,dt thicersbudithdne, thxgiosofitee foreign
operation of the substrate P, the control apparatus 9 operates the
second drimeeryisdheles hedBighhiafdasiion Bif of fe fdreigh wiaasent result of the
encoder system 14 and the detection result of the detection system

13, and contr ol 9, add88, i B Hbolififens YRSIdnBbE Xﬁmﬁﬁﬂs@ stBEhs Poashdmal
hol di ng 20apparatus 1H. The encoder system 14 neasures the positional

informgfi qafo%aﬁaﬁoﬁﬂé)éﬁom&t@sé 08 4t Teabite XY teleAlRIHSsReh Ihmaskal e

menber T2 at least in the al ment “operation and the €exposure
operation t R I nt,
t he | aser llgn MB ee?%gg %1?51534A5tr}118 1y m#]gtvﬂggsntééco thé btsg %F%g‘g?ﬂ{ﬁgm t
12B are a ori use a -termc

exanl . f%ﬁﬁiﬂnsm ePERhp et HOCAE oL B BT SHES. ARl
val ues of 58 th nco r. system 14 i rrected cal ration).

In additi o‘ﬂ’Pa‘iaH‘S E’Ftsgﬂb“& W“B’&%ﬂt HFé‘PB?{éH %@wﬂs@@ber

i ncluding the | oadi ng operatjon and the unloadi ng operation, when t
substrat e 5% Wach oihs Blrglity ofhe dateqtion pgintseKij pratheupper surhereob thisrigale
substrate exchange positions CPI and CP2, the control 5apparatus 9
measurés tRemprsdiziang ghe forermonatier PoRg BE dewetion fysemdte &t addiion, indhishe v
axis direction using the laser interferonmeter 34, and controls a

posi ti on ofmtadenentidbe pesiteongliatpemption (postdietiat infmmatiy ofdhadqi¢ation ligkt LU
control apparatus 9 neasures the positional information of the

subst r at e &tagd fonbyachkmiseaepparatnt €35 af tberdluerinaion tpk2BubEBAME padchhe

| oadi ng operation and the unl oadi ng operati on and/ or between the
exposur e afeedcdbdn poinekig oh ke upptraahdeef 1Kk0falk atdnther T2Ckhe 6ddrdiahts sgstem
position of the substrate stage 1 on the basis of the neasurenent
result.  defined byth8@féddeOsystein 4 (Bt the ATREGbIESRE sysieth 1) Ghelinobva. per f orm

t he unl oadi ng operation and the exposure operation of the substrate

P, in @ NOpieAGorediRE 8otfol E%@Ia%méarn%ﬁlrﬁh@%gsiﬁ@nai RorthaBERbEScIE Betddtdn 29
respectively face the he units 47B and 47D (X head 49), and the Y

point Kij in the coordinate sysiem 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

20 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

25  and the measurement result of at least one of the encoder system 14 and the



15scal es 26 and 27 respectively face the head units 47A and 47C (Y
head 48). In addition, in order to performthe alignnment operation
and the exposure operation of the substrate P, in a noving range of
the substrate stage 1, the Y scales 26 and 27 can face the Y heads
48A and 48B. Therefore, in a noving rasge (effective stroke range) of
the substrate stage 1 for performng the alignnment operation and the
exposur e optrfatdmstersysiethd2. 20 substrate P, the control apparatus 9
can obtain the positional information of the substrate stage 1 in the
XY plane (X axi dp addidod, she cantlol@dpadatoe caootg)in o sideef fadbsigf mater ireast
t hree neasurenent values of the |inear encoders 14A, 14B, 14C, and
14D. | n adde KiYopland dncthe badis ofltheaduptian tesuldofie daedtioh @y sté@n P®ahd then of
the substrate stage 1 in the XY plane with good accuracy by operating
t he secondnedfsiéemesdisédiorat RastbRe oS bfcodér syftemNashd iRNAtkrferometer
25information. Since the effect of the air fluctuation on the

nmeasur gfrentysigl pe of the 59 linear encoders 14A to 14D is
sufficientl'y reduced conpared with the laser interferoneter, the
encoder system : P R Ya s Yol .
measur enent val E€§ﬁlﬁeﬁ%§']§g€§q@ %&r%chgé g%‘ﬁ%h??u%ﬁ%%%ﬂ%ﬁ? %2& Wet h
the interferoneter.syste i rst.,., the e ure seguen SA wll be
descr | bed. TGy Bram ' e Bhflrne M B RIBRIG TR BRE fe v e 2
base |ine measuring.ope ion of the primary alignment system 15A and
a base i greﬁ%’a@ﬁﬂ‘egﬂfb SBQ%lf‘Won of the secondary alignment systens
15Ba to 15Bd ar Ssu .to be alrea rformed. The base | ne, of
the primary ali gﬁﬁ m %%aiﬁﬂei‘agnﬁq%ogﬁ%%f?‘ﬁ? i L W@F%&Sﬁ%‘ﬁ’é’ﬁi’ Be
(distance) with the projection position of the projection optical

syst erhOPL aitdehedrhe theappertspeipre ad therniafe mepdet Bciudedanvrpey susface pigthe
primary 10al i gnment system 15A. The base |lines of the secondary

al i gnment segls mempen ERpartisles HRY baesemplified cthicheflaat ingthe piryngepertispacasd of
the detection reference (detection center) of the secondary alignment
syst ens 15BactposidBppamtohEX e slnexitlitivo, inflgs debatimewnthe eftetratn das exposed
(detection center) of the primary alignnment 15A. For exanple, the
base | i ne a4 thehiguidrLQrao yhaathediqniitQ sirejletof HeAiquid Q) may bd ecnslifibd ahat
the reference mark FMis nmeasured 15in a state where the reference
mar k FM i Sfogighpased whithtiBkdetodet dttached i@ e Gpps dadfackiot tid)plaé mbim®er T.
primary alignnent system 15A. Further, as the nethod disclosed in the
speci fiiscatih aBdi@bn, dStdrailf RattdPphitic Atikery tb 8k drdpanobhppeAdurate Hahe
2002- 0041377, in a

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
20  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 L.S (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

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



state where the reference mark FMis di sposed on the projection area
PR of the projection optical system PL, spatial imges of a pair of
measur ement nmarks are neasured by a 20spatial inmage neasuring
operation of a slit scan manner using a pair of slit patterns SL.
Then, the base line of the primary alignnment system 15A is cal cul ated
on the basis of the detection result and the neasurenent result. In
addi ti on, fushacexdhpplate mqpelerfli ¢ al i gnnent marks on the substrate P
(process substrate) at a |lot head are detected by the primary

al i gnnent syst eNekbAnaranglbef the oparataomy ofithic grpente appatesEXThBagttie 15Bd
i n 25advance, and the base |lines of the secondary alignnent systens
15Ba to 15Bdvehenti@2dcahfgiraioadvillbe Qbweribaibwith aferédve etk gotv chart beBIC. t
and the neasurenent val ues of the encoders 14A to 14D at the tine of

detecting ¢ hgl BPShkembc Wk St FIES! b Rel4. tRh&OR iRl saRPEimpIisty 9 the
adjusts a position of the secondary alignnent systens 15Ba to 15Bd in

the X axi sq g€ lih OGS 834 Re %oﬁ&%?ﬁé‘rﬂ 1Wah&‘th@&ﬁgtﬁhéxﬁ§§§?€?ﬁl§§&‘ét ar ea
i n advance. 5FOr exanple, as shown ih 9, the control apparatus 9

di sposes thegpasurenment stage 2 on a p03| tion facing the final
optical element 16 and the inmersion menber 11, and noves the

substrate stage I t. substrate excg n t|on CP1 in.a
hlS enti'bodlm dn CXE(§UI‘C SEfll]EllCE: gblg:?]‘]/éé:h Fﬁ)épofsure OPEI‘atIOIl

state vvhere the |rmer5|on ace
opti cal % r 11 ang% ur,ement
SFage 2 w DA HETTIGh Pl %&gwﬁwmeiﬂ‘ SR n Sl B befilpe o
is held on the su tiltrate statg t he control aratu 9 noves qe1
subst r at e YCEHAN 9T 115 forRign alighep @EBER"F at CEQEWQHB% ¢ PESP 1‘“‘8 d
unl oads the exposed substrate P fromthe substrate stage 1 disposed
on thellsecond sWbYErCAPSUESEEHERSHIST EXHplete 19%‘111?&301%3 iofy th alisment
stage 8. Therefore, the control apparatus 9 noves the substrate stage
1 to the fdpemtiontheerpasue erefEmgad tediniqadingOpgratiqihef thesbsipite P, and the
15apparatus 9 | oads the unexposed substrate P to the substrate stage
1 di sposedikenurd peefoimedt Is s embodementcindingadi gnosit dperati@Pind the agpasine
transport stage 8 (step SAl).

operation of the substrate P, the control apparatus 9 operates the first drive system 4 on

the basis of the measurement result of the interferometer system 12 (first interferometer

15  unmit 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

20  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

25  (for example, temporal deformation of the scale member) of the measurement values of



In addition, when the substrate stage | noves to the first substrate
exchange position CPl, the control apparatus 9 may performthe

measur enent operation using the neasurenent stage 2 as needed. For
exanple, the control apparatus 9 illum nates the 20 exposure |ight EL
on the first neasurenent nenber 38 in 3§ state where the i mersion
space LS is formed between the final optical elenent 16, the

i mer si on e akrederisystemnld 18 pareciedSealigeationy ement nenber 38 of the
measurenent stage 2 with the liquid LQ As described above the first
measur enent nenterdd@gor ansidet tapedorm psubstraé cxdhengpaproedss inchygeng the
measur enent system 39, and the spatial inmage neasurenent system 39
can obt ai nlohdieg dfxrarigi and thehaitcading ppatiias whikn theeuitiajestige dmMmaved incthd
system PL on the basis of the exposure 61 light EL illum nated on
the first vieiagybe(e st aRMeondbstidle @@tarige P0sitib3eECRIOMUICH2, fpRafEIUS 9
perforns at | east one of the neasurenent operations using the wave

front apergphlai ITRASHEETB PbsiBdl BMdhhtiaNof thl SubiRAS WaSTEH thORaKAL | ON
usi ng the uneven illum nance neasuring system 43 as needed. The

control apcn&rca&wf»sliﬁ)g fhahsadhistrotdfer §@,%h%a§%&§ﬁg@s@ﬁ&rdfsﬁé s(ﬁ%%tfﬁfte e 1

projection optical 'system PL on the basis measur enen

operation i o . e P
5% oaded aBRch I ARDY BIROh, S EAARE: o mepsnrss o plchiIn BRI el
t he second, dri and starts to nove e .sta

ve systemb ubstra e 1
tovard.t henERiSEeP SR TPY nBTeeaBt MisTerb RPN AL ANRR b Elelulk Bgator
position CPl (st SA2). 10l n this enbadi nent, the detection area of
Phe al | oSy Ruerperdon U 58 aror b R R 254, e orlaing
exchange position CP1 and the, exposure position ER In this
enmbodi ﬁlentqpefaqgn,@aﬂtc@arolﬁbb%ﬁaqw thy ybtteas YageHeondhe Baviret hempagurement
provi ded on the substrate P using the alignnent system 15 before the
substrate Ulls subjected to the exposure operation (step SA3). 15(n
the substrate P, a plurality of shot areas as the exposure areas are
provided in a ndn additienh iplbis efnprodiencatyn erdeMiy@erping hewnloading kperatian and
provi ded on the substrate P so as to correspond to the respective
shot ar easthe @poswe operationaydphe aubstsat©P,de b estvisgtrivezeall thyrsoeatatenstaged , the
provi ded on the substrate Fusing the alignnment system 15 in the
m ddl e of XesalgsP3tane 28 wdspédtiatle fatealgehehd unyA e df47Ds(X Isabh 49, afidethe Y
exchange position CP1 to the

15  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 | for performing the alignment operation and the exposure operation of the

20  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 8Z 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

25 information. Since the effect of the air fluctuation on the measurement value of the



20 exposure position ER The alignment system 15 detects the alignnent
mar ks on the unexposed substrate P held on the substrate stage 1
between the first substrate exchange position CPl1 and the exposure
position ER The control apparatus 9 noves the substrate P
hel d on the substrate stage 1 with resgect to the detection area of

t he alignnment system 15, and detects the alignment marks 25provi ded
on t he sublteapgnsogers [4A tchi4D sspbigiendniedugadeomppiga Nattheskaser enferigomaten,
and 62 15Ba to 15Bd) has a plurality of detection areas, and can

det ect t hethpkngodts sygtemfhas fryombleghomttermrstabgy pagendirggtie owasuhanaubdue at e
P al nost at the sane tine. In this enbodi nent, the control
appar at us Witls elspt ® the piaflhictGiton cempagpd eithalkointerfBrametct Gyaereas) of the
shot areas on the substrate P as the alignnment shot areas, and

detects 5the al iFgReRlexpulcseG@nteS AGANbEgescAbddne Fagh&Cdsathrahive inaheas
using the alignnment system 15 (15A, and 15Ba to 15Bd). Then, as

di scl osed dpodheseaRGiek SiAC ﬁﬁahs@ﬁin@ﬁne@rﬁétgﬁaﬁti&b@f the Eﬁﬁa@%ﬁglgﬁcflﬁ system

control apparatus 9 performs a so-call ed EGA (Enhanced” d oba

Al i gnment) 1595[ DRESasd Hné/méeﬁbriﬁ%@e%%h ot ﬁ@ %!ecoin?zgrg :ﬁg@gh&? sﬁferﬁshlgBa to

detected alignnent marks 1s statistically ca d so as t

cach shot areRsrhe BlhealleBt R tid TRYRETRE L H5RRLA ABhGR, I
o o ca R B 4 B PO 1S B BRSSP
R i A e R Rt Bt
this enbodiment, the detection area AF of the detection system13 is

di sposkh HieRmE syHEMADAst TheBase lineerldhe KPS DERSYRRRS A73R Che

exposure position ER In this enmbodi nent, the control apparatus 9

det ect s t hEBsgss reppastvely ridivawpsibensel thetlstestion rgfesense (derstign priternele P
usi ng the detection system 13 before the substrate P is subjected to
t he exposuhesapedany dlggnniest wypte®Ad pBa to 15Bd with respect to the detection reference

(detéction center) of the primary alignment 15A. For example, the base line of the
primary alignment system 15A is calculated such that the reference mark FM is measured

15  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

20  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

25  advance, and the base lines of the secondary alignment systems 15Ba to 15Bd are



20The control apparatus 9 detects the positional information of the
surface of the substrate P using the detection system 13 in the

m ddl e of noving the substrate stage 1 fromthe first substrate
exchange position CP1 to the exposure position ER The detection
system 13 detects the positional inforéation of the surface of the
unexposed substrate P held on the substrate stage 1 between the first
substrat e ekEsRN thebasiy ¢fifhedetection gasplt ankthe msasignaens yalpes; of ghepmeodss
The control apparatus 9 noves the substrate P held on the substrate
stage 1 wi 14 toddpeas thettgng pledetpstieg the epecificanarths dlurthprethdeprteal iapprralys? em
13, and detects the positional information of the surface of the
subst r at e #justsn pdsitonefthedeeoadary alifreneno systanhs IdBpae &iBbindhoktaaisns t he
positional information of the surface of the substrate P using the
det ecti on disyddiesa k3o befmtched With gihdipimén shbtiatcasnbjvaated to the
exposure operation. The control apparatus 9 obtains the shape
(approxg mat e pl Feexa@PI; AY SoSAM EXG.IMNTHRIcBREdl @pparths $ BBp&ys hace of the
substrate P based on the reference surface Zo on the basis of the

hei ght i nfaedBichRR: fde 2800 £a%MIHSIS ths)ﬂnmgﬂéal KlemeMicChalis: idRieqbed
using the detection system 13 (step SA6). 10The control apparatus 9
forms the }| i O | |4 gL !

opt 1 cal o Lomay | AHIGRE e Sulteuld B8 b B AR Bl DR PR
substrate P.in.o rf r td

substrate P? sthed WAgE fﬁneqffﬁﬁésfléé{n%] Séﬁh]?rse%?,gg%g rb%té’%%rgr%l%ef?n%ggﬁgffs%?%esnéé6’i n
the specifjications of the US Patent licatign.laj d- Publ i cati on
No. 2006- 05 THBESBRGepLLand T eRnryAaes & i he TR ls b P on
No. 2007-0127006, in order to. continue to forma space in which at
enst Bhe Srenthpexamev it s Gl ondhice e Ak, Sramruatingsass 9an
hold the liquid LQ between the final optical elenent 16 and the

i mrer si on TRy e ststragdaged ip ths secppdarbtiate e change Bosiion ik pngpdogss
the upper surface 17 of the substrate stage | and the upper surface
18 of t he theexneswhihstraty Bfemzhe subatrate etagolydispased emidhie sawud sybstrate i nal
optical elenent 16 20 and the | ower surface 11U of the inmersion
menber 11 déxahange pegidoniiR? esinghtbe uppport stagd & eltkvefof, thh eonrb apprasetes 9
stage 1 is close to or cones into contact with the upper surface 18
(upper surmhas tlefsubiata edgerlan clee firstrsnbstratdgx clodnge hesiti@aSEY. erBricosttdge 2
as shown in FIG 10. Further, the control apparatus 9 synchronizes
and nomMes dpparativbddddatie wkggrRedlsubmehid P& tive ashstremRAke $HRPesed oh khetflier XY
direction with respect to the final optical elenment 2516 and the

| Mer si on JuBRes extlangd PEGHEEOCRI udhl the uGhPBI 8RSt BGidg®Aal)eakage of the

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

20 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 1, 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

25  imaging characteristics of the projection optical system PL on the basis of the exposure



64 liquid LQ the control apparatus 9 can nove the imrersion space LS
of the liquid LQ between the upper surface 17 of the substrate stage
1 and the upper surface 18 of the neasurenent stage 2. In this

enbodi ment, when the i mmersion space LS of the liquid LQis noved by
t he upper surface 17 of the substrate gstage 1 and the upper surface
18 of 5the neasurenent stage 2, the control apparatus 9 operates the
second dr i ight E).gHlemngted g thet ffraitmeaseremppianersher B8.c elnkdditibn tthecabkt r at e
stage 1 and the upper surface 18 of the nmeasurenent stage 2 have the
subst ant i adppgraga®epehforrghit I{dsemenif g rhdayshmenttdperadals wingehe wawerfcbnt
adjusts the positional relationship between the substrate stage 1 and
t he measur sygrBfiorsiegerethentlgbiomidleind evtedetehiiipe@tion lfin®thd@heved nNoOVe
the i mersion space LS of the liquid LQ by the upper surface 17 of

the substr@ihgifshadBedkudndsyichit APl f TREcHBoPipphRtisWRAS WARSEAY
stage 2, at |east one of the upper surface 17 of the substrate stage

1 and tye Srch2UEEAGR s S8he hrdifiRioNBASUT SARM PSLAGE basif 8CRS the | ower
surface 16U of the final optical elenent 16 and the | ower surface 11U

of the imﬁ%&a%hx%&eﬂ%ﬂ%%o%f%gm%ﬁéa@ﬁr@m&ﬁ"é’&%&?. the upper surface 17 of

t he substrate stage I'sS C e to or cones into contact with the

upper surface 18 pf tﬁe@%bs%?eséj{s?&%gé o B %Gbshra erFaIrgE She bl SRR ©
stage 1 and the heasurenent stage ar € “synchronrzed™an ed’i'n the

XY direction with res t to the final optical elenent 16 and e
rror st on SRR he e rtve sy e ok s BBt FitsTRERars Lot B8 4
scrunlsmeﬁﬁgogeratlon. 20After the scrum sweep qperatjon, as shown in
FIG 11, tHeorrsaesinEiciem thediipbspiesighings Posipen GF bisteRerrdr 11
face the surface of the substrate P, and the i mersion space LS is
for medlOi t h t he In fhiggrabadanends thedeieqtia arqa i theglgnpent syltapdais digposadhe

i mrer si on nenber 11, and the surface of the substrate P. The control
appar at us ®tuggnuke Brst sbstpie exchanegIposidpmEr b asthihp ckpaswedesitipeEP.  In this
25proj ection area PR of the projection optical systemPL and the shot
area of t hembodbsdnt.ghecddirol apparatus 9 detects the alignment marks provided on the

substrate P using the alignment system 15 before the substrate P is subjected to the
exposure operation (step SA3).

15 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 | from the first substrate exchange position CP1 to the

20 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

25  provided on the substrate P. In this embodiment, the alignment system 15 (154, and



65 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 of the
substrate P obtained in the step SA4 and the approxi mate plane of the
substrate P obtained in the step SA6. ®urther, the control appar at us
9 sequentially 5exposes the plurality of the shot areas Qf the
substrate PRAt PR s a@itwalﬁbogﬁetmen PieAR ALY eAR dsfrstibe plyrally elfhea7) |

In this errbodl ment, the positional information of the substrate stage
1 is measudEameyt miks pieridad pn psubsiaed amostieetheisyas Bmef at | east t he
exposure operation of the substrate P. The control apparatus 9
measur es the podn thiverabodiménssthetontiol afpatatis X selests aportsiobstample abouige 1
in the XY plane using the encoder system 14 and the scal e nenber T2,
and exposes lbheasuifshe sibearBas on the substidieP aothe mbfnnegp sikcaeess, Ond dareatol s
a position of the substrate stage 1 in the XY plane on the basis of

t he measurfheendnmeat hafks @brréspendincodry setdttt 8hdtbeas asiflg e alifem&ARRstdnh Me
sequentially exposes the plurality of the shot areas of the substrate

P. I'n addit3 @BA, &Rt FBaGOMES! TRAREAAISG0Bd dlihY SheziftcBBoPeTS PABRING.
relationship between the image plane of the projection optical system

PL and t hes 5346 18C e Rbnikdl @p V\iﬂ:ﬁ% ¢ BdrforfAs Q8o {hediasa Ehndd&1800pr OXi mat e
pl ane of the Substrate I'S previously deduced before the

substrate gh%nt?net%ﬁ?r&%seﬂ wifcH tﬂ%g&’ftﬁ’c%%f‘or&&%n%f‘tf?@det@c@ %éﬁ)ﬂﬁfﬁnatrﬂe

substrate sane t1 ne. e exposure appar at us

enbodi Menty | 3.6 SEAOALAGE IS (SXAOTHE 20 ABDRL AU MR R Patablady

scanni ng stepper sy nch ronlzes and Hoves e nas
substrate P i de rnlned can n and at the sanme
time proj €ct gﬂﬁ%ﬁgPﬁ%¥&qFﬁﬁ§&°8 W&Qﬂs g%“@he substrate P. In
t hi s enbodi ment scannlng dlrectlon of the substrat

(synchroni zed r’rﬂ\??‘ﬁ I¢} e cniTglApPratug & camabfaindhy P@lt‘{”“é%flg’“ai‘tfoé'ﬂfleﬁw

and the scanning direction_of the mask M ( s(?/nchronl zed novi ng
directi On)shprsarea of the substrate P in the XY plane. In addition, the control apparatus 9 may

obtain the information regarding the scaling and rotation of the substrate P by the EGA
process.

15 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).

20 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

25  CPl and the exposure position EP.



25al so assuned as the Y axis direction. The exposure apparatus EX
noves the substrate P 66 in the Y axis direction with respect to the
projection area PR of the projection optical system PL, and noves the
mask Min the Y axis direction with respect to the illum nation area
1R of the illum nation system 1L in sygghroni zation with the novenent
of the substrate Pin the Y axis direction. At the sane tinme, the
exposur e appar atlhs ceMrdiapparatind meses the subgisas Hheld| dnghe subbtraipstageel with
substrate P via the projection optical systemPL and the liquid LQ
and exposessjdattoshbddtecsipe afea AF of the deFeatioihsystent He ambdsiteotd thappsitiaalis 9
can synchroni ze and nove the substrate stage 1 and the neasurenent
stage 2 i nintdimatton ol theairfaddof the sutstrait 8 Wiah® einbedidizpe thesuiifr@ appdatuof
the substrate stage 1 and the upper surface 18 of the neasurenent

stage 2 ar@okthids ehelpdsi@bnal QEOMIRtILA bPthe QRS bf WelshibsBaeP Wiahe ddlection
exposi ng the substrate P. After conpleting the exposure of the

substrag e el IBHGE theQub4R: i RQubiENR] Bl exPBAFEoperarth the Tiquid LQ
fromthe upper surface 17 of the substrate stage 1 to the upper

surface 18 of tﬁ%e%ﬁﬁ?&i%ﬁ%@ﬂﬁs SbRERs fhe SL{bt% éfﬁgﬂ%%te%?a%@k%%e%ome

performs the scrum sweep operation in a ere‘the upper surface

17 of th bst r. f ; f
of the subs ta&%})‘%f ﬁ}e%g%?%esog H}% g%%s?ra’&éf}pn%{s%%%thg ('T)'%f{:%ﬁcfe S\}Jﬁf‘% Ze‘%%ﬁthe

)
maasuremanltn stag are cC

ot her. After.tg crum sweep operati i S.conpl ed@thei rsio
Space LS JoiRb e AT OPRaoT B RSB ar Gaish FOHS et e e teEdr vghefhent
16, the i rsion merr}:)er 1%£nd t he upper surface 18 of the
measur enerfetesigyaysEm |3 (sgp to unload the exposed substrate P from
the substrate stage 1, the control 20apparatus 9 operates the second
drive ¥ystem 5 dihg conti prPargusDiams Hie insstenatpacesk-nyih therliayid Qe
exposure position EX toward the second substrate exchange position
CP2. The chetives|thafind opticdelompp\lésthe lameisipatmentter $1.4g¢ the sugagerd the
second substrate exchange position CP2 and unl oads the exposed
subst r at e mbitrape? irh@deub genlaeths exppeurt ogérsixpsa@uthopubstrate P.
In this embodiment, for example, as disclosed in the specifications of the US
Patent Application Laid-Open Publication No. 2006-0023186 and US Patent Application
15  Laid-Open Publication No. 2007-0127006, in order to continue to form a space in which
at least one of the substrate stage | 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
20 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 info 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

25 16 and the immersion member 11. Therefore, while suppressing the leakage of the



t he second substrate exchange position CP2 using the transport system
8 (step SA8). 25Thereafter, the control apparatus 9 noves the
substrate stage 1 to the first substrate 67 exchange position CP1
and | oads the unexposed substrate P on the substrate stage 1 using
the transport system 8. In this enbodi nent, after disposing the
i mrer sion space LS on the neasurenent stage 2, the control apparatus
9 neasur esliqui¢ bQathi gentyed apparaswsd cangheite] tagnarigysipn space LS w€ hediqustlife
detection center of the secondary alignnment system 15 with respect to
t he det ectbetweaned eppenfurfabe 1'pof thesybsaibte giagehindsths tprer $i5facad B nfithehe
reference marks AM of the reference nenber 44 constituting a part of
t he neasurmemaienthegee2. Ththicontiodbhenspyien alidisnirsieasiaceks af hailiguidf
reference gratings 45 on the reference nenber 44 using the Y heads
48A and 48R) islh6ved®ithhppapRRfagé Us ohasibigits s@gPDaid thedpsk sifi@e 18 of
reference 10 nmenber 44 regarding the OZ direction on the basis of the

measur gTenhe ¥RhHEn@t sthite2, hd\@ads) $3HaR09 op&bres [H2 s@aﬁhfdm@systéfaes such

control apparatus 9 neasures the reference narks AM on the Teference

menber 44 t}‘lﬁittﬁ%uﬁ;%fs&fal:m Jr @t E@Q%@Etagé’ P %é?ﬁper Inehcaqb Uplis 2

position o erence menber 44 regar e X axis and Y axis
di ti f l.e, ' .

it or  er onpisbienit g vt 3ot B RO S ERA ERRE py I pRERRD,
I n thi tate,.th rol t 9 sj | t I th
ref erence TPHLSARIH BRE sdRa e boimerb i SuBTal ake f 00 e Sy ey
field of the respective secondary alignnment systens 15Ba to 15Bd

usi ng four“%@@ondary al i gnnent systens 15Ba to 15Bd, and obtains the
base |ines of four secondary alignnent systens 15Ba to 2015Bd.

In addi®%ion, thd" AP despiphipatih §1dsT kogneYedhs immesien ernse Laof the ligpid em
5 when the substrate stage 1 is performng the substrate exchange
process, drdbithrawpersarfagesks of dhfospbstsatetiee and thaunpet surare poefthe on
(optimal scrum position) for performng the scrum sweep operation.
measurement 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
15  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.
20 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

25  projection area PR of the projection optical system PL and the shot area of the substrate P



25Herei nafter, the process as described above is repeatedly perforned
in the 68 exposure sequence SA. That is, the control apparatus 9
operates the second drive system5, and noves the substrate stage 1
fromthe first substrate exchange position CPl to the exposure
position EP. The alignnment system 15 dgtects the alignnment marks
provi ded on the substrate P in the mddle of the operation including
t he novemeand thf pesitnBkmalag oxshipebeswery ¢helinfage plandhe! the pjecierbentical system
exchange position CP1 to the exposure position EP. In addition, the
det ect i on Blysidtie $i3fade btk sulistretePasi the basisl of ithef pesitimbal dmfoofatichef sershatce
of the substrate P in the mddle of the operation including the
movement Ofredshf tisliBitiaed RolsthiagPinkhd stensAdend ihe approxibnte @i ofxehange
position CPl to the exposure position EP. Thereafter, the control

appar at us QbEPMEB obhRes UPHE Eidp SAB! aBGthbr, MR @infiel dpperafid DsbqiRh@30P to
t he exposure position EP, and perforns the exposure of the substrate

P. .5 JB@SE@S 1 f1VaBiyHR (HBhb e RO AR IThMY TOHN BT uﬁ&(]‘j"bf thebe
described. The forelgn 'nmatter processing sequence SB i ncludes the

operation iﬁ’ﬂﬁefggﬁg(&%ﬂgﬁgtajﬂ@n matter on the upper surface of the
u

scal e nenber I'ng the dete&ction system13. In addition, in this
embodi ment , -t he f B e o0 ATBLLSFe REARSRSRRASS I SR REd0Ghdes the
process for 15 3e erm ni ng whet ier or not a cl eani ng operation is
perfornmed on the.scal e nber T2 accordi 0.t he detection result of
Phe. det ectPEUE) 07 4 TS0 ARGt S o B e h NCTAPRLE PRyeton of the
operation for repoving the foreign matter on the upper surface_of the
scal e menbpstiee P plheanirqlgpparptys P measusssgbaipastipnal ipfoemanana!l fif sk ¢ er
processi ng sequence SB includes the operation for determ ning whether
or notl& hesubyris BreenpigdheX ¥ dnne ysing Hie enerdgheisicst B anddhescalejngember T2,

performed according to the detection result of the detection system
13. andigxpésesthe sstipiedht , a first acceptable value and a second
accept abl e val ue regarding the detection information of the foreign
mat t er obt ai ned Ty coriel dpttaets Deongphtagqsitian af te sdistrate sagy ancie Xhhe
foreign matter detection information includes at |east 25one of the
Si ze i nf orpratel cirthe bdses cimeumnéasimementalieoaf thapstalbresypiosii 4] ardadt the same
information of the
time sequentially exposes the plurality of the shot areas of the substrate P. In addition,
15  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
20  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

25  also assumed as the Y axis direction. The exposure apparatus EX moves the substrate P



69 foreign matter, and the occupation area information of the foreign
matter per unit area. In this enbodi ment, the second acceptabl e val ue
is larger than the first acceptable val ue. In this enbodi nent,
when the detection information of the foreign nmatter is equal to or

| ess than the first acceptable value, ¢¢ is determned that there is
no foreign Smatter which is not acceptable in exposure. The foreign
mat t er whi i@hhg ¥ axie diretivn ptidisespestrio Shepoejastiniarms| Rikdefghd projecden epticaler

whi ch renders the nmeasurenent information obtained by the encoder
syst em 14 systemgPli, lhed swatsshamatied il Zhelih asia birectipn witbmespedt t¢ the ilburbigaticat e
stage 1. The control of the substrate stage 1 includes at |east one
of the posirtd @l the Dinhtigdtioa Bgktdnh 8. oy echedHization Wil theoohotdmneens ofxié r at e
stage 1. For exanple, in this 10enbodi nent, when the detection

i nf or mat i ogub&ifard Pen the YRXBMUIRBAJNET At Shed@taineOthlkexpRER dppatiul B fi st
acceptable value, it is determned that there is no foreign matter.

Al ternaf i viglhhina e éxE@sug@lti@ﬁ B th SuBERRE PO RS %Jé}@ti&%;ﬁiicﬂrky&%tfﬁf

is equal to or less than the first acceptable val ue, even though it

is detect eegldttﬁ@ﬁ%uti(?EQfQ{deejxggsemts%stﬁﬁi@tS’ it is determ ned that the
i

foreign matter orelgn tter Ich is acceptable in exposure

(foreign matter f i i nf ti neasured t ncoder
system 14 using F% gé%ggﬁ?%ﬁ%%éﬂ%;w%f%agﬁs y%cg]?%nslzee THOFOYE g%tsfl gﬁa?ensgagceﬁle
substrate st

e ). Inthis en‘ﬁ%' nt .. when the detection

i or mat | G Bl 16t 2 (< LUesind etk PEEe 6 bRt asFEeJ3rhe
and is equgl o or | esg tcgtﬁn the s coqg g}gggefaabl e val ue, the control
nmode chand@® HPSIHe S@ghs Pl VRRSA §UTare| Og SHEerIent Stageiel ARei CLRse 19 ¢
this 20 enbodi nment, when the detection information of the foreign
mat t erlOex c@adniprantag vy hragh ebpt insKROSg thesubstire Bl eani ng operation is
per f or med. In the description below, a case where the. _
det ecti on i nf or ddter eempietineghe pxpeswract tie spbstmied’, iy order 69 mopethe dmaieipn
matter will be described as an exanple. Therefore, for exanple, when
it is det espaderctoftthaliquith&Qsirome thefuppéresufiaseet 7o teesubgrataisagect tedhdoyppehe

surface 18 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

15  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
20  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 SA8B).

25  Thereafter, the control apparatus 9 moves the substrate stage 1 to the first substrate



25detection system 13 is equal to or less than the first acceptable
val ue, the control 70 apparatus 9 determnes that there is no
foreign matter. When it is determned that the size of the foreign
matter exceeds the first acceptable value and is equal to or |ess
than the second acceptabl e value, the gontrol apparatus 9 perforns
the control node change of the substrate stage 1. In addition, when
it is det esxshangd ppsien CRbary wadsdhe vieapésod sulyhal Feonttby subgicasesiaget hesing
second acceptable value, the control apparatus 9 perforns the

cl eani ng otherratspon system 8. Further, in this enbodi nent, when the
position of the foreign matter detected by the detection system 13 is
in the outside ahilihembrkapiipdiice didpamgahe intRersipp epacs LEfoaGk: MEasuRament
scal e menber T2, at |east one of the control node change and the

cl eani ng ofgledt tRRohiol lPpReth 9Errémres\éherauwlaasn%mtrb@ﬂorﬁhlptda@sefhﬁé)ﬁﬂfgn
matter is in the accept abl e area of the upper surface of the scale

menber sT2, il RGeGRAERE: mg@s&&ﬁiﬂgﬁali%mleﬁﬂ?st&hqfs'%ﬂﬂeéb‘é@trt@'ft}ie%&te%ﬁ@n not
performed. Even though the foreign matter “exists on the acceptable

area of the,lppeh. ﬁH]?T%.gga%lcg{l{leﬁt% stShiA5 & WRERE refbfonct H)‘EPJ hg'og{?ﬁe”a“er

does not adversely a asur ement “operat|i on 0 encoder
wh on thergraeh SR Pt PR B SR S e BER TRUESE Zfrﬁﬁéon@%’rl T2.
In this errbodl ms? t he for.eign rratter Fro esshnl% uenc A
per f or med 1PRARUSPSHRASUFHE Raéﬂf’% e BRivgs e WRikh 5‘?:“" g5 h using
exposure ogeratlon of the supstrate P is not carried out. In this
embodi ment the Yisadsi84; e 48Bt t & Pe prrdobapargsdainstidaosion of 918 referenest med
in a perlod of tinme when the |oading operation, the alignnent
oper at ilon, memberds segardieg e éatiteetipneandhe basisud Itlwadi:aﬁgrem@etr\aiue@ af &e Yt he
substrate P are not perforned, that is, in a period of tinme when the
exposur e dppds48AUamdERBI. s In addiion, d‘leeosttcﬂtappardlms P natequrdschqefdracemtalia
foreign matter processing sequence SBin a

AM on the reference member 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
15  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 visval 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

20 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.

25 Hereinafter, the process as described above is repeatedly performed in the



predeterm ned period of time when the substrate P is not subjected to
t he exposure 25operation, the foreign matter processing sequence SB
is instructed to be perfornmed at a 71 predetermned timng. The
control apparatus 9 starts to performthe detection operation of the
foreign matter on the upper surface ofgg he scale nmenber T2 using the
detection system 13 in a predeterm ned period of time when the
exposur e op@rsire snquefcetSite Jbbisis.rthe eonProl apparatus Gapeiated thmsecqugitdsive SB1) .
5The control apparatus 9 neasures the positional information of the
subst r at e ssiages, indisiongs the subetase stageel Hbmtthefimnmbsiete sybingmpsitiandPt he
interferoneter system 12. At the sanme tinme, while noving the

substrat e stigEpbsuréipdsieonPP. pITha elighinidat 8GR deieets the alilpieat madks ar ea
AF of the detection system 13, the control apparatus 9 detects the
forei gn maicb@teddh hbSuBsRREP if ticf 13081 Qff iHPemEoh RichRIHReke hévdainner thée
detection system 13. The 10control apparatus 9 detects the foreign

matter N LB&-RAgh&% Ofroth MR tﬁ@tts%%tfa%x'&ﬁaﬁfél: boGfiod &8 QQB@E@OQ{}P, pYsthEM

13 and the neasurenent result of the encoder system 14 (or

| nterf erong ey, ﬁé’ﬁg&{r‘tﬂe@e ecfiSh S&‘éﬁ{ 13065 ARRY g?shlbﬁ%ﬂhﬁ)rﬁﬁ‘%ddfr{ﬁé‘t the

control apparatus éan o taln at east one e sl ze Information,

the amount Irftgl{:_l é[slu%nt até pe g%lncti&l 1atlhe Pﬁgrgt'i’orﬁfal}lélﬂé}n% tn?oevsf ll;.teolf %
matter, an& e occupat!l on area |n orna orelgn nat

t t ft tect tectl
£t om 13 SR e et it Bl o GheRBouiet bt t°§9%?@ﬁlﬁa5§%t}°w ne
terf t I n thi nbodi th det ect
Cystem 13 Bb. HeRsuEng b B ErS PRAIFCHEHEE Hetec T URE B ah bty

of the foreign matter on _the upper surface of the scale nenber T2 can
be perlfor e thaexrranpapsiven bF abd prsfopme hetepposasgr 4y WP Bt i on of the
20substrate P is not carried out, it can effectively detect the
exi stence of th&ekp raévrgtgnmneewomssmg\ eequpiprerS Bsullf sesfbed.h eThedgreggn
nmenber T2. ‘

matter processing sequence SB includes the operation for detecting foreign matter on the

upper surface of the scale member T2 using the detection system 13. In addition, in this
embodiment, the foreign matter processing sequence SB includes the process for
15  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
20  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

25  one of the size information, the amount information, and the positional information of the



FIG 12 is a diagramillustrating a state where the foreign matter on
t he upper surface of the plate nmenber T including the upper surface
of the scale nenber T2 is detected using the detection system 13. As
shown in FIG 12, in order to detect the 25 foreign matter on the
upper surface of the plate nenber T inga predeterm ned period of 72
ti me when the exposure operation of the substrate P is not carried
out, the clomigomatigsnddeqeccapatioy awainfarmaites of te dorgiza geatter pay upi aregy

pl ane with respect to the detection area AF of the detection system
13. I n t hiks teisbodbdimant, thetsedond stceprableofaluehelargspéinn therirsi@eceplablsfvatuge
substrate stage 1 and the upper surface 18 of the neasurenent stage 2
faces the 5| oweidn sy éraloelir&it whent theddteatiah irdptmatiah ofihe hiwnign hGitiand t he
| ower surface 11U of the inmersion nenber 11 in a state where the
upper sur faeal td 6r Rbs thhe thsUhstat@bebrihage, il isadetrinied tppekressind ageigd 8 of
t he neasurenent stage 2 are close to or cone into contact with each

other. sAt hit@r S it héMicedp®IsSidRRpdsaice Thaffeidn ARAelIBCHRASUIRERIIe
stage 2 are synchroni zed and noved in the XY direction. Therefore,

the subst ralefpsstiRdfclddds 3eRf nlRRPYRLH Wrdbrs HESRERLre hent iR AR Rtk Bk d
area AF of the detection system 13 in a state where the i mersion

space LS i b%/ t;lﬁ Eﬁ@)ger ] Etgmtla%sf#%gl?g s%ille%é%ﬁ}eﬁf BndsBle td QidtroPRE isﬁ:ﬂ;{r%t-e

el ement 16, e I nmersion ne e measurenent stage
That is, e SUb3HEaLE SHAUE Rl BSe | AHAMNEY o TRUPL & s Y g! ane
W th respectt-to tne detection area Ina state ere e | nmersion
space LS is I@r q? and the d tgg@hontPﬁ%rﬁ%io t he foreign
15matter AR earﬁgé FBPYREFIEEPERECNB RPE SPES e o A4 BFS ¢ he
upper surface (upper, surface of the plat nmber T) 17 of the
subst ri& e %Tbgﬁgﬂ%?’ when the gﬁ“f?“?‘l‘ﬂ@o@‘i‘BB’él Pﬁ‘é‘g‘f"ﬁelﬂﬁ Jaligrys equyf o 951958 thagy g
on the substrate hoIdin% apparatus 1H in the mddl e of the detection
oper at i on 8¢ fitshacceRipllp yalupmt is determriged that therg ispmiepeignmaiiorat Altermtively.
hel d on the substrate hol ding apparatus 1H in the mddle of the
20det ect i orhesple dat¢csinn affomnkasion of Bic dercigatmmaster is oav4l keonlpss thandhe fitst e P
for the exposure, the

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

15  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
20  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

25  detection system 13 is equal to or less than the first acceptable value, the control



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
approxi matel y sane appearance as that of the substrate P. The
substrate hol di ng apparatus 1H can hold the dumy substrate. By

hol di ng the substrate P or the dummy supstrate by the substrate

hol di ng 25apparatus 1H, the substrate hol ding apparatus 111 can be
prot ect ed dppatatvs giekesinimas thaPthere is F@fordign nhatery ¥hes itriadetermmnadiibatthedd| e
of the detection operation of the foreign matter. Further, the

det ecti on dperfabd foreigf mhine ekareds ha finmhtoeptable walne apdisfequatdon lassahait at e
where a nmenber such as the substrate P or the dummy substrate is not
hel d by t hite satbnd aakpalio haluagha@mabbipparatislo fetfornidths caitiad tiot®tHangd e
control apparatus 9 detects foreign natter in a predeterm ned area on

the upper gbkitaffeQfagt e HmGRAHRABMARAN if Aetibhiftd GAIRS sikNGhE fIMiget
with the liquid LQ o? the i mMmersion space LS in the mddle of at

| east te i Tk SUEERe 9&%ﬁ@£éc9ﬂaﬁ9Qalhé]%@éﬁﬂ%wfp%m%&%@%Hgﬁnﬁflet he

substrate P. For exanple, the ‘edge shot area of the substrate P is
exposed, the ! LAduLQ of 10 the imersion space LS protrudes to the
out si de from gdﬁsurlba'ce of the substrate P, and thus conmes into

contact with th al e nenber ..T2. The exposure light EL | nl ik
T be. i 11'ur nat Sa0e Pl Sagret b B FERORNEvp Rty Rrmh Pttt g by,
the i mersjon space (i rsion are int XY ne is |large
han the. pROPUEREDRYEFBAS B oo Pt LrilE Akt Pofe 2pesk spfbce Rbtoe
exposure Iiglht EL, the liquid L%_has a possj bi Iita/ of camng intqQ
I5cont act HRERerFEr Tear leatkanp af the gontya] modg Fhangh and fhe clipaing ApRSRMEht
by performi ng the scrum sweep operation, the inmrersion space LS of
the |iui drerformgsly e SV bt theBositareof thajfereign maties & in thegccenibleypsohihe o
stage 1 and the upper surface 18 of the neasurenent stage 2, so that
a part of uper spfpes ofghe fcaleemenfiber A2, the aprdrohmedechange anshibe cleanieg cont act
with the liquid LQ of the imrersion space LS. In the description

bel ow, a pwpetatioh atchwt pGfarmpér Euenfiizmeh dfe fofegznphaitee exievbe theacoapmbivg
into contact with the liquid LQ of the inmersion space LS in the

m ddl e of dréweofske uppessuetape ofrté adaleanembd Thihe Eorpigs tiagte0dres adt adversdly t he
substrate P is arbitrarily referred to as a contact area CA

FIG 13 i safcith@gleadtiréitdhe 5pdratonl of Yhel dnbotiet Eatdnn 0.t TRr e0iiipE thar ea CA.
As shown in FIG 13, in this enbodi nent, an annul ar area CAl around

the supst rat@ddldatdRcHBReh AoSiHWIHRGEh&E i Rediftetién %EHQERGBnmg R
possibility of comng into contact with the liquid LQ-
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

20  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

25  operation, the foreign matter processing sequence SB is instructed to be performed at a



74 of the inmmersion space LS by the exposure operation (inmersion
exposure operation) of the substrate P. In addition, in the scrum
sweep operation, an area CA2 which is a part on the -Y side of the
upper surface 17 of the substrate stage 1, to which the upper surface
18 of the measurenment stage 2 is close7to or cones into contact wth,
has a possibility of 5comng into contact with the liquid LQ of the

i mer si on Hpéatermigd tinkiag. | Bhie dontrelripparetyi 8 diarre ot perfiorra theolstegtion epeaiiogA
generated by the exposure sequence SA includes the area CAL and the
area CA2. of the foreigsmditeonitlreppaboniace aisthe boalefrosrabey A2 weing dve detectionn
possibility of being attached to the upper surface of the plate
menber T, dykem i30uiaghrddetrdined piodaff tikewhenqhe ekpb&dre opeyation of the substrate
exenplified. In the contact area CA conming into contact with the
liquid LQ »fs nobearfié®it sdtepsspace LS, there is a high possibility
that, for exanple, the liquid LQ of the inmersion space LS may renain
or a pat of thenaRbafdl 3hpaPiud NeSMRS RAIRi1BnAlibtoBRatdoR of R shbdidted LQ
may be attached thereto. Using the detection system 13, by carrying
out the d (8] ' [,e] i ot

i the: contaer SreatBRALRERr 86 chetfer APl he Tl Eloller Bl #5.1 X
matter exi h er tf he her. T 1ncl udi ng
t he upper ‘@%? aggg&%f&qlﬁgy (&?nrgstp g%{lbgﬁéé\tg?%é%%altp g@lﬁi%‘%‘r&@uﬁslgg{éog ®the
scal e nenber T2 forei ter can be detected with od effi.ciency
2nd good dEisaPabgres iR R eRlcsion SREM: b PN Sar St s 8 RF P8P TE e
detection operation of the 20 forejgn tter in_the contact area_ CA
on the upp‘BﬁteéﬂPf}&é’é’p‘a“fsu A %Iﬂ?ftséa'ﬁg‘?‘ﬁr %Saélp%&e[éﬁ@cm%e‘ﬁmﬁr’r- sy8¢ em
13. Further, the control apparatus 9 perforns the detection operation
of thellf orsontal apRtreEs O dgtepts dhe farefﬂalrfn@@ﬁ%&te bapis of thedetgttivarel 2 thene
contact area CA. Even in the non-contact area NCA with which the

| i quid LQ dstectiprsysterelXsingribsmatsarengniwedt ¢fghe ensaterishittenddardbe , f or
exanple, a part of the liquid LQ of the 25i mrersi on space LS is

spl ashed dnudrfatormetsh exbiennl 2)padsidesoibed htwae imidpis embolaneat, tlEngereht 75
space of the exposure apparatus EX are attached, so that foreign

mat t er mayapparagps @semdbtaiihelecegphe of tha pipairdbrmtion,clhmamietetfortragon, the

exi stence of the foreign matter in the non-contact area NCA on the
upper sur fraeiiondl ififompioatioe thedelarnh nlatids iafd tHebecupeti @Cire O fanatienvflibe

15  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
20  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

25  foreign matter on the upper surface of the plate member T in a predetermined period of



In this enbodi ment, the control apparatus 9 noves the substrate stage
1 in the 5XY plane with respect to the detection area AF of the
detection system 13. In addition, the control apparatus 9 perforns
the detection operation of the foreign matter on the substantially
entire area of the upper surface of thg plate nmenber T including both
t he contact area CA and the non-contact area NCA. The control

appar at us Omelwher thic seRoswisaPh@tionp! thesubshiate iiyeot shrrich eut hespfrelnat t er
10 obtained by the detection system 13 exceeds the first acceptable
val ue on tdppaasi9snofes thesubemectdgen in éeUXY phahe Witk rebpee ¢d thodetsgtgmemeal 3
(step SB2). That is, the control apparatus 9 determ nes whet her or
not the f oABRbfthedadettton spbtem 3l S Iinis catboaipiedl |aclehdd ofx pORE Fped Xurkdcs 17
In the step SB2, when it is determined that the size of the foreign

matter is &quedubbeatOstageeBad thelipfeh Surfact $8 oP®iE Rb AR Berl 82 fadcbthe | S,
when the foreign matter which is not 15acceptable in exposure is not

detected, [biyer &PALL MU BPRAGALILDIIEL] RRIJR! THand o BGel &AL ey B BEesS
such as performng (restarting) the exposure sequence SA. On

t he ot her . ;o t. Lol ter yze
1%@3101'1 PehBE: & 1221 5?%%%?@ Sll f.ver'sﬁrf% 197 B%Q@et aﬁzggq ani 2

of the foreign matter exc acceptabl e va t control

appar at us det er m t her . or t..th i f 1 f.o1r i.gn ter
o var gor ‘ThOPEREPE I8 POEl Mias B R bihCZ o A5 Blor Absa bl WK,
accept abl e va

| ue (st SB3) .. In the step . SB3, when it i
Got of m nect hatiSs ha R BTt Bergigri e ] o) MErssiEToHegh 28
acceptabl e val ue, the control rat us erfor he cl eanjn
oper ation S@H&Fﬁ‘@z%d@é‘ﬁén%&rﬂéﬁhe %P%WEB“'S refqre, ﬁ?@sgﬁsaﬁg%ﬁ%bq he
control apparatus 9 perforns the cleani n% operation on _the upper
sur f acld ofMeYee vdtharwerieiis deteption pigy Afiod erﬁg@ra%%wstzsl PeReétateryhere 76
FIG 14 is a diagramillustrating an operation exanple of the
cl eani ng opelmmesign space he is fumed withitles iqppd LQAdelsteapthe ipaHmticalsplenpdne
i rmer sion menber 11 can formthe i mersion space LS with the liquid
LQ i n an ilf thevameyidrhmemeerUppad thaméaoeneht didpe 2s c Jhat isdhdabsifge stis
descri bed above, the control apparatus 9 can obtain a position of the
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
15  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

20  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

25  apparatus 1H, the substrate holding apparatus 1H can be protected by the substrate P or



5 foreign matter on the upper surface of the scale nmenber T2 (plate
menber T) in the XY plane. In order that the liquid LQ of the

i nrer si on space LS cones into contact with the foreign nmatter on the
upper surface of the scale nenber T2, the control apparatus 9 noves
the substrate stage 1 with respect to the i nmersion nenber 11, and
adjusts the positional relationship between the inrersion nenber 11
(i mrer si onthg guweylsshstiatedn theenitldlsed the detenthesny opEpation @b g fere@nanagige 1) .
In this enbodinment, in order that the liquid LQ of the inmersion
space LS clondsr,ithet detecton aperation toli theHerefonmedtgnmapbe perfaomed ea sigp ethere a
surface of the scale nenber T2, when the substrate stage 1 is noved
W t h respemémber shfteasi the®ibstrad P 6R D dominl, subdigatecio nbyield Bpfha kutististe 9

| owers a nmaxi num val ue of a relative noving speed between the

15i nmer si owpldmEBsarabds BNd the substrate stage 1 at the tine of the
cl eaning operation of the scale nenber T2 conpared with the exposure

operatipon of t he, gHbShblRert; thd BsHirol fhpataif CRMcETorefMRAdRE 1S 9 | OVers
a maxi mum val ue of the noving speed of the substrate stage 1 at the

time of t e&ét&@‘ﬂﬂe’&%&%ﬁtﬁéﬁ r%fa&{&tﬁ&?éaf‘e GRS 2 Ui GPORkL Gl W th a
ue o of 't

maxi num v the novi ng ‘spee e substrate stage 1 at the
tinme of the osure ;20 hon of the subst.rate P.. For I
when e rorEeERTHIEE BRI B b Rbrlot R i3 ih B e e e B
control apparatus 9 adj,usts the positional relatipnship between the
omer si on TeRbaPor Thararaie ratienof s AR D der Tt o remove t he
foreign matter such that the liquid LQ of the i mersion space

comes into cont aCt SXFRAE: e dso %ééﬁfiﬁﬁgtheé‘r‘tggatﬁ&.s e’ﬁg’s?ﬂmﬁﬁ‘qf"ﬁiﬁ@f
13, when the non-contact area NCA is 25di sposed on the peripheral
area of0 t Hee iipperion spscads protrysies torfbe gypde frigidhe uifiee of thaenbsiae Papd

i mrersion space LS is forned on the non-contact area NCA, the |iquid
LQ has a phss¢amesiintg cerftachypathithosgplegnambsml h eTha axppyuas beht Ehgeunlikepito
| owering a maxi nrum val ue of the noving speed of the substrate stage 1
at the ti e idémiaedohdamcalg mepdeal?.onoveveh ginse tesizrofithe immRrsiantpgace
overflow of the liquid LQ can be suppressed. In addition, by

5| ower i ng (@mnmrsiomaneay &5 wethefX Y plandridarper tsqetbel pojectibrearsaBR twhidhds geage
1 with respect to the i mmersion space LS, the liquid LQ can be

suppr essedilfuntatisena 6f g erdsiind ¢ ght e theslitui AL haf a phsibitabecominpaito T2
at the tine of the cleaning operation of the scale nenber T2. In

addi tien, dRyitabOMEK ih8dcde ARMbERIT. V 3h bRl n, iNBisBoBBnHD 89 Pe@brnliREthe
substrate
scrurmn 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 L.Q of the immersion space I.S. In the description below, a part of the
20 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

25  surface of the plate member T has a possibility of coming into contact with the liquid I.Q



stage 1 with respect to the imersion space LS, the foreign matter
can be favorably 10 renoved by the liquid LQ of the i mersion space
LS. The control apparatus 9 perforns the |liquid recovery
operation using the recovery port 20 in parallel to the liquid supply
operation using the supply port 19 in & state where the i mersion
menber 11 faces the area of the upper surface of the scale nmenber T2
on whi ch t9dhg EHesEan space &8 byihegposurhepesstipndimmersion grRAsYE SRS Of LS
is 15 filled with the liquid LQ at the time of the cleaning

oper at i on B¢ sybiswatg Fa| b sddiisar inthe scmve syeapiparalioy, jag age SeyZaviigh bhya pare

| i quid supply operation using the supply port 19 and the |iquid
recovery opethat¥osidews ihegippéreurfecsoVenfyheprmbsira@stags lat viich Ihewppgoutfhast
the foreign matter existing on the upper surface of the scal e nenber
T2 can be BEegfahamedufer@nt dtipe Aippleke ©UWrcames iafo donmciseiah, dasre pdasibilil of
The foreign matter separated fromthe upper 20 surface of the scale
menber 5T2 domif@meyenedt With tHediguRICIOY of the lfnlersZ sha@dtdemhwl &, intitie
liquid LQ In addition, when the foreign matter is a droplet of the

l'iquid LQ eridtRirhdrflUhélcdadcPhred OA dehbrRlcd b9 %e%&?&‘ﬁré—s%qﬁ&@@§AiiﬁHlﬂHe§ @fat act
with the droplet of the liquid LQ on the scale nenber T2, so that the

dropl et cap.peai eiPmedrea therefore, in this enbodi nent, the upper
surface of the scale nenber T2 is cleaned using the i mersion 25

menber 11. In t Wg%a?éi‘f%%t?é?ﬁ,t s tﬁ%réﬁ%{ﬁgﬁlﬁggﬂ?gﬁ?ﬂggg%ﬂl%?fﬁjgn\éeaﬁa%d?0 In

cl eaning 78 apparatus can re

addition, in this enbogd e th trol . at.us fluc es._or
7 brat es. ¢ hE &ty SeFiE 8P LT R merpbad B RO R el ED) B8 B
liquid LQ of t j .sion space LS at the tinme o he ¢ ni

oper at o Grmpheds c I B eBRpSRRAE A posiingalfsutctonls s BB Mhar ac us
9 can fluctuate or vibéa e the substrate stage 2 in the XY_pl ane

usi ng t he 'EERGHN WP SPE & Heh poseibdity et fenfsamplegihp H@“‘é#&%f{]th%f

t he scal e nenber T2 can be enhanced. Further, a vibration generating
appar at us FEHOEEIcYyh ERA rema/n BF apacbel themeteaislgritee spbyrag P elwjeddo s as
a piezoelectric elenent may be provided on at | east one of the

subst r at e lgpuableQ maxrbg atthehed theeatsi on nenber 11, so that at | east one
of the substrate 10stage 2 and the inmersion nenber 11 may be

vi brat ed usi ng tUsmgvuhddetcition sypeame t 2 tbiyegrreipp antaheidetedtion operhiioreofafie t he
cl eani ng operation of the scale nenber T2. Therefore, since the

| i qui d5LQ fofeignheatiermith prioritySpatecoh@eareh CAavitiulisgh gdssibiitagat the (@eighe
menber T2) can be relatively vibrated, the cleaning effect of the
scal e nmenhg4el 2xistaambey BB P 8aface 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

20  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

25  immersion space LS is splashed and attached, or particles floating in the arrangement



15After the cleaning operation is conpleted, the control apparatus 9
perforns a predeterm ned process such as performng (restarting) the
exposur e-sequence SA. In the step SB3, when the size of the
foreign matter exceeds the first acceptable value and is equal to or
| ess than the second acceptabl e val ue,74 he control apparatus 9
perforns the control node change of the substrate stage 1 (step SB5).
20The cont fpete ofdlreexphsing eprafatysieX sigtasached csodhal dereign imptieiasbe preseibad
unit change which is used for the positional control (novenent
control ) ofhedestrslidppamant & can deject the existenbé of therfmefgmenatier in thearon-contact
effective stroke range for noving the substrate stage 1 in order to
per f or m t heeeXNOosurtbe agper atrfaosiofthe plae Behisdr TatsgPhe ddnetidn sysadne$3.28
and 29 respectively face the head units 47B and 47D (X head 49), and
the Y scal es 26 Iafk édbdd@agecihé ¥alil Z5paf-as® hos ieatibiiid $agd 1An aed
47C (Y head 48). The control apparatus 9 obtains the 79 positional

i nf or mag i oRyQfant Qﬁthﬁ‘b@%ﬂ?}tﬁ@ﬁ% REcBGGh ded AF bmeﬁ%&eaim@sterﬁ 1BXi 0 ad¥itsi S,
(0]

and OZ directions) on the basis of at |east three neasurenent val ues

of the heag gl ga ;@tusg&ﬁoﬂgheﬁggatﬁgﬂ%pie&tiwﬂﬁf t‘ﬁEﬁf&Si%%}ﬁﬁtt@Mn%@

range of the substrate stage 1. In a I‘on, the cont apparatus 9

f Srane o ¢
Bt age 1 1 HOrRARYY ORE kARt TRIEIR n AL piibe Dt RGBT 68
t he basi f t i ti | inf ti Th trol t 9
chgngggl fhc(?é’n%gﬂge{)ggll%é ﬁ’g‘?gl&n%cg?tg{t%eag\g M oﬁa?ogogfr o?p(p?r;\allelrjr:nt

control) of the,_substrate sta 1accog{ﬂli to the detection,
i or mati on of (RE CPBTLABRIFIHRL 1 stermiges ahelite ol he g oT ey iR ALt r
exi sts _on the upper surface of the X scale 10 28, the control .
appar aus Paireidythedsiection suviemd3 gxaeeds the fiyshaccrpiakle yalne omthe bagis ehhe an
face the X scale 29 without using the neasurenent value of the head
unit 47B wistesHoreeaulf afctbe defection sysigre 13 teprdi2) e x Ahgilie thejcentolapparatugher e
the positional control of the substrate stage 1 is perforned in the
ef f ecti ve detarmkes whether amot the foraigh snagtr whieh rsews agceptabie inveripasise efists.he
head units 47B, 47A, and 47C, when the foreign matter is di sposed on
t he upper 15sur fliathe sep SBRewkersit &l deteR@ined thah the siza ofithe femign amattar Beqdie
X head 49 of the head unit 47B,

to or less than the first acceptable value, that is, when the foreign matter which is not

15  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

20  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

25  member 11.



the control apparatus 9 changes the control node to switch the

measur enent values to be used for the positional control of the
substrate stage 1 fromthe neasurenent val ue output fromthe head
unit 47B to the neasurenent value output fromthe head unit 47D

i mredi ately before the foreign matter 44 disposed on the neasurenent
area. Therefore, 20the control apparatus 9 obtains the positional

i nformation of tHIG Isiibsdizgtaen Slusicpeing an dpdrineonéXaipplené theXlaaning opfatdon S,
and (Z directions) on the basis of the neasurenent val ues output from

the head ustithescdiélhendbbAT2ands dhtfxn it IFEG.CANhE dhmeRRARdmer 91 €@NfoRe kHeOr M
(continue) the positional control (nmovenent control) of the substrate

stage 1 i Niplh@sidyspakb@nS wiek thetiguid XQax b inté@0sl ok e el bR oPife bhiEe
basis of the positional infornation. 80 In addition, for exanple,

when the farelgromBit Qe EXESivInd éb%nuitoaﬁ%araawgfcalﬁ@b@{n 4 DRittSn S Bl

28, the control apparatus 9 can change control node so as to use
the measurgpent yal ug Bk f% OJPLE% Ghosdird Fo14d By %éfAT ik %?C
for the posg¥ ona CO?F&%% o%r %@ su %’?gﬁa‘ﬁfagﬁ?i Nt he %@fec ive
stroke range, and so as not t se the 5 neasurengnt val ue out pu
From the Hal: ot oog e R hahd Lt nelfsiio SHES FoRTPE "isaa e hdHye
of the substrate stage 1 includes the head uni %Qan e which is used
for the pdBF FIURmMEg:fortar SRHEHERERD 6 MAOPSTBR TehBLCRHEY FERTERE: o
1 anong the plurality of heads di sposed on one head unit. The control
appar at us DO Sirgubstiarstageddvitloreprect odbe inypersine megde Hloand ittt the|  of
the substrate stage 1 anmong the 10plurality of heads di sposed on one
head uni t .positional relpigonshipbriyepn e immegsien membatd (anmesgioxspreal-8) 28l the
measured by the plurality of the X heads 49 of the head unit 47B in
order k0o mealsmeabehE2 (substtaicoriagle 10.nf or mat i on of the substrate stage 1,
when the foreign matter exists on the upper surface of the X scale
28, the control hapemaiodénét.dhardgethat the liduidéadof4Be fnonersipaspace g t he X
scal e 28. For 15exanple, anong the plurality of the X heads 49, in a
st at e wher@nichétpositict oMl lthecforeignohat@d on the upper surface of the scale member T2,

when the substrate stage 1 is moved with respect to the immersion member 11, the

control apparatus 9 lowers a maximum value of a relative moving speed between the

15  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

20  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

25  disposed on the peripheral area of the upper surface 17 of the substrate stage 1 and the



the substrate stage 1 is perfornmed in the effective stroke range on

t he basis of the neasurenent value of the first X head 49, when the
foreign matter is disposed on the upper surface of the X scale 28 in
t he neasurenent area of the first X head 49, the control apparatus 9
changes the control node so as to switth the neasurenent value to 20
be used for the positional control of the substrate stage 1 fromthe
measur emenfnyEsigesrIge bAds formef emhide npp-sentact pra N4 thegiqghELRgas &r ement
val ue out put fromthe second X head 49 other than the first X head 49
i mredi at el goskibility ef avhdlowingirgm theptubsiratd $agéi ls pByddwening himaxisaguyadyesrit
area. Therefore, the control apparatus 9 obtains the positional

i nf or mat i ahe ofovingepsudld theatbstsitcagaze 1 athettinge dfabé deafing dperatieasiithenent
val ue out put fromthe second X 25head 49. The control apparatus 9 can
per f or m ( cebik intuther ThahPosrfléw baihe GQHdN@) canbk sGpmySa®ntnadditioglby of
the substrate stage 1 on the basis of the positional information.

In addig i oBwetikEa maKifued vARIE BHRBGAs @é}eeﬁ Rethe @Qﬁstrﬁl@ts&g§ﬂ 38 rdspect to

i ncl udes the measurenent information change to be used for the

posi ti onal ;g A ERlon GPRY ‘L@?Elte lﬁﬁﬂtﬂ(?l::)n ¥ suphtesssd ﬁ%ﬁl&@ﬁlﬁnﬁ%@ﬂ%@uﬁﬂép m

the encoder system 14 to the interferonmeter system512. The control

appar at us s%rfﬁ&ad’f‘i? sg%fé&éﬁ%?e? £ %pﬁmim\sé?)ggge cié%{dr?lg r‘#?‘ﬁg‘”{ & thd B1e member

positional contro e substrate e measur ement

val ue out byl fy; gakiie pERGAdEE SySLEM AL O G ARASHLEBAL YRluE,
out put fromthe inter ronet €r system . an e e, I'na state

where the scal e .tenber T2uElis rreasuredﬁg he encoder system 14 in
order o el e REBGLEITES BHEF PR PErHLe1 DR e R BEDF e ehhge 1,
10when the forejgn natter exjsts on the upper surface of the X scale
28, thd cdRmPHd tg’pfﬁgﬁ&‘flgé“qaofith%‘t“&'ﬂ?%‘ﬁ%é‘ﬁ%l%gsw t ches the measur ement
value to be used for the positional control of the substrate stage 1
in the X axis dilpe&entiphappagiivg heerfosms thedigpidirecpyPYeorsi#ipltsing % t he
encoder system 14 (head unit 47B) to the neasurenent val ue out put
from t he ireaveryearosindétiapargilslite thel@uid sypply oppraerf esingnbe syppBeport a
exanple, in a state where the 15positional control of the substrate
st age 1 i rstathwhete the imnufirsien tnewher 1d fpess tloraredofitie apper surface of the scale

member T2 on which the foreign matter exists. Therefore, the immersion space LS is

15  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

20 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

25 member 11. In this embodiment, the immersion member 11 serves as a cleaning



effective stroke range on the basis of the neasurenent val ue of the
head unit 48B, when the foreign matter is disposed on the upper
surface of the X scale 28 in the nmeasurenent area of the head unit
47B (X head 49), the control apparatus 9 changes the control node so
as to switch the neasurenent value to & used for the positional
control of the 20 substrate stage 1 fromthe neasurenent val ue out put
from t he h¥warainsivhidyanremevedhedosign B38eTt val ue out put fromthe |aser
interferoneter 36. In this enbodi nent, the output coordi nates of the
interferoneter dysddiren.in tusendwdinesnt.abe gwirabapparabe Sdbietuates ouwibtagestthee
out put coordi nates of the encoder system 14 immedi ately before the
SWi t chi ng. subbkteateftages] (stdlemember™) vaphpaspatius i lgpidliQ o1 theémpossidn spac]
information of the substrate 25stage 1 regarding the X axis on the
basi s of th®anbadmkefteicledting @paufiqhuifl the @alknienbeB22i NF@kanpBRher
system 12 (laser interferoneter 36). The control apparatus 9 can

perform ( C@Uﬁtrblﬁj?ﬁratd@@ daf Sluéth 2B 8t vieRRs the bubls i 8RS iC@B KYOhLincifsidehe
substrate stage on the basis of the positional infornmation.

Then, the @EBIGLRK JARPALRIES THRRESO B 1EES @febfor th\&aRIRAMEE €2 can be
sequence SA on 5the basis of the changed control de.

no
Furt her, h%glgeh.h epilfle ,%t\;ilﬁgtidrﬁrgeﬂérgﬁr{n%]%ﬂ {usT\%}ﬁcl{ (%Eel %%;Igé?atg@fb?ﬁfon has

been descr usi ng the exanpl® o Sl ze orelgn matter,

but the de ﬁ%{tasérgp Vfbpa;u%%lﬂ%tc% 0, 1%2&&?3%%1‘{(:26?3%&&?12 glggi)% §rov%d%8 loH g? %%.SE Qge of

amount i nf I'on o oretgn ma La Ion
i nf ti f the f [ tter. [ , dthe like. F
e o ke s S BB a1 3005 s S b By

detection system 13 exceeds a predeterm ned acceptabl e val ue, the
0 i o
a

contro 21178 tr JauRerHen msrRet Hemey 'é’ﬁ‘ﬁl’%&j’%é‘ﬁlég &5 R SCREANES on,
when t he occupation area of the_foreign matter per unit area exceeds

a pr edet er¥Prels 3t b pmemf dociganing oppralienefthescalgpembar d2- oTheafofer f or m

the cl eaning operation. 15Further, here, the foreign matter on the
upper sur e tef liquad LA the irnamesoen spacs kS aed de setratgsige B éscale azpmibey
operation is perfornmed using the i nmmersion nenber 11. However, the
cl eani ng opBrcar borelativalybebrpted.fthe creahingeffehieoifthe shleghenber T2 cacleor di ng
to the detection result of the detection system 13.

enhanced.

15 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 I (step SBS5).

20 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 siroke range for moving the substrate stage ! 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

25  face the head units 47A and 47C (Y head 48). The control apparatus 9 obtains the



As descri bed above, according to this enbodinment, the foreign matter
on the 20 upper surface of the scale nenber T2 can be detected using
the detection system 13. In addition, according to this enbodi nent,
since the size of the foreign matter can be detected using the
detection system 13, the treatnent of 1de foreign matter can take
measures according to the size thereof. For exanple, when it is

det er m nedpdsh@haltinfermatioa obthetsnbstfarstdegrl imetet’€Y plagse 8X exiptainlis ant 0Z
exposure on the basis of the detection result of the 25detection
syst em 13, dif¢Béhsh bR Matiner 4 li@sNhiRe nRRGHEhEPRalLEs TMhd He@d unitdUTA, 47B,
positional control 83 (novement control) can be favorably perforned

on the subgig, ah€4Ad 808e dtfectife AR TaiR ol fhe sWbdRRUtagEar I Irﬂ Eﬂﬂlt%t thehe
unnecessary cl eaning operation, the positional control

substrate shage, S?gaﬁﬁ:@ 9%2&{;12% é‘ﬁés‘ftloﬁl‘z?ff'JoﬂLHﬁ%ovEm&{t%ﬂ&ﬁ) of' tBe élﬁstrate

possible to sup ess f ut o e exposure apparatus in

accord t.h ani 0 ratlon the si ze
of “Uhe T oruttl kvl PR R FREE el 2 SRl i BEne R s To
certain extent a. small size (a size equal to or less than the first
accept abl PWRIORR)ITOIRRI, n?P%?Onﬁﬁb@Péﬁ&ﬁg?éh@?geﬁ Hhe beprhiorhedsed of fige 1
is carried out in consideration of the foreign matter w thout

per f or ni nepostiendlicerirl AgorpRmAeeNdiol) of therwburas stagtd J5eTlnE shEr detsriqmol
of the substrate stage 1 using the scale nmenber T2 and the positional
control ( nnfoematian af@lsoioraign mattdf. t he substrate stage 1 can be
performed. In addition, when the size of the foreign matter is |arge,
t he cl eani ng opéysamiesmmpls, penflorigpdnateoexisiabn theeipparseifare afdltet 3 scals
removed, and then the position neasurenent and positional control of
t he sulist ri, ehesbags appaans ®esc aheanadelingmper vabrerof the hEheust 4712 which can
according to this enbodi nent, the position neasurenent of the

substrat e fa¢ergeXlsca8d9 hikoMasingitaktasaRAichOtalfof tiitchead bait 178 ehithage 1
15can be performed in a state where the effect of the foreign nmatter

i's suppresg@bhe XN@EIEDO! EForlhahflefAaStdd Rhdr® (R YRRESS cbliR] dEGE astRth@en
in the novenent performance of the substrate stage 1. Therefore,

exposur € es'ia[é@ ni& gé}fé}ﬁaeé HPRE E888 e Et&%‘r Whthd Whsis QP ﬁle(ilx‘i‘éﬁklﬁém&{trvgfuesc an
be suppressed fromoccurring. In addition, according to th

oo e LG AP B0 8T OB B B ST

has 15  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,

20  the control apparatus 9 obtains the positional information of the substrate stage 1 in the

XY plane (X axis, Y axis, and 8Z 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 0Z directions) on the basis of the positional information.



good short-termstability regardi ng the nmeasurenent val ue, the

measur enent can be perfornmed with high accuracy while the effect of
air fluctuation is being suppressed. <Second Enbodi nent >

Next, the second enbodi ment will be described. In the description

bel ow, the 25sanme or equival ent conpongnts as those in the
above-nentioned first enbodinent are 84 designated by the sane

ref erence nuner dh sddiaod férresandple cwhant thofordi pemedr ewistsl ontibe sppepiurfacedt or
omtted. FIGS. 15A and 15B are diagrans illustrating an exanpl e of

t he oper attheX wfleLBethe bomics hgparanstheinh chingadeaiodlirignbdde solas tcese alnd
enbodi ment. This enbodinent is 5 characterized in that the inmersion

space LS tgeh@rehehiRtucdloufpliefrérh iR 1Rhd LilR 47iDeaNA NGdapertat th@Eosﬁ’tﬁoﬂahe
scal e nmenber T2 is enlarged nore than the i mrersion space LS to be

formed at dhgof dfifRe Qlfbst}a{i'@st l{ﬁ@ef%ﬁ{}@sttfo?@ra‘ﬁ%e alﬂg s& WO kPR iR
FIG 15A is a diagramillustrating an exanple the 1 mmersion space

LS whi ch i ee]‘s%]r gq Jﬁ%p&d?g‘tgéhéa?& ﬁ)&ggsure operatl on of the

substrate gram | ustrating an exanpl e of the

| mer si on Spaceh%?d (511 nle%ntr&r n;?d%’&ganéﬁ o?t};[e Sﬁgﬁg?& hgl%%l ?ud’]esﬂ%head

operation of the sca i fe |rmer5|on
space LS of .the i rs on rrtg'ﬁ enl ed co are
hmer sion BGEMeRG: (ke LiEr DR @ot ol aiioh GHRBEO R e af e FURIgE
the substrate P, and t er surface of the scale penber T2 is
subj ect ed fagetl r?é‘l%llgé%erﬁlH’aﬂgfpﬁgﬂ‘ﬁi‘qsélﬂfmeﬁé’“ oRfrBFas WH- s paceenal appaggfusthe
i mersion nmenber 11 is enlarged such that the |liquid LQ of the
i mer si on dpages thedead tadhe yspgd Fr shsrrosisionaljcenirel ﬁéthieé%ﬁtr@w stage d @mopg thene
upper surface of the scale nenber T2. The control apparatus 9 adjusts
at | eadt amerabity of headsidipppeed oniop¢ headp@itat i on using the supply port 19
and the liquid recovery operation using the recovery port 20 such
that the size ofAstéhexamplerisiashiecpbaetheX soalet2dds Mvapraliy theplormbsy of
| arger at the tinme of the 20 cl eaning operation of the scal e nenber
T2 conpar etle XiHehdsad9 dfhiee hidadmnio 7B heordaio sisharohe pasitionnl diforitadon of the
Substrate P.
substrate stage 1, when the foreign matter 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
15  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
20 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

25 head 49. The control apparatus 9 can perform (continue) the positional control



For exanpl e, the expansion of the inmersion space LS includes the
increase in liquid supply anount per unit time using the supply port
19. As described above, the liquid supply apparatus 21 can adjust the
liquid supply anmount per unit tinme to be 25supplied to the supply
port 19 using the liquid supply anpbunt8ladj usting apparatus. The 85
control apparatus 9 contrgls the |liquid supply nnunt_adlug%in
appar at us {PVEmeRteuiEol) pighe subsirgte siagpl on #Ht oli@f Pestiqnat infpimpdon, o
supplied to the sug_Ly port 19 at the tinme of the cleaning operation
of the scal e merdbaddition, fisrearddnedechangsof thequbsiratutisey ingheientheper
unit tinme to be supplied to the supply port 19 at the tinme of the
exposur e opessateingnt informhigonGhangstte e esed fFhibe powtieal ¢dnerob@mvewknt
apparatus 9 can enlarge the i mersion space LS. I n addition,

t he expansgontropf thheubsimerstigo h fiopathe ehcdSdemnybtendeld to khe idederoaser system

|l iquid recovery amount per unit tinme using the recovery port 20. As
descri lded HbhoVIRe coiitd] hphitek I erayale appareaieisvald © #8 usd)fusthe t he

|l iquid recovery anmount per unit tinme to be recovered by the recovery

port 20 uspdafiohfl&ohtré) W thels@BRME Yaed MTTHHM the GhddSitrémiéht FRRA badpliSiront hEhe
control apparatus 9 controls the liquid recovery anmount adjusting

appar at us dr@odle 6ys8a® 84 [de etk dhndne CANESMp R TRM he RREf&I B Lied dy9RMt @, bE
recovered by the recovery port 20 at the tinme of the cleaning

operation of th%s.sdﬁ%kﬁnﬂgﬁp%rsta?—ezwﬁé?g&grsgﬁ?]mcﬁlgeltmslnjle%”rgd %ﬁg"ery

amount per unit time to be recovered by thé recovery port at the

time of t he%c cga? 8@5&%& 12 Blegrﬁl%rgcﬁ) gaeQ{uFlfé tlﬂﬁ ggslliltti)oslita{ f’%i}c?nnlgtioﬁr gﬁﬁ%&%’ét‘?&te gtggeBl Y

control appar can en e ner si on” space
expanqug the | r.si on space L t he forei tter be favorably
emoveld T i HE RS CARE ey prter plaSe Bitne Reclp ptieevyale 17 of
the substrate stgqe 1 incl din% th Bgripheral area of e _upper,
surface 17°PPYAPEr TLYAnaneausht sIiyhessae measiarinot vahs toge usebios thy popipral
stage |I. For exanple, even when the ﬁoreugn matter exists in the 20
peri pher al coatelpt e suhgraiptage loip theak axis dirpaliop diomsihe measirgpent jalue pypel
menber T2) of the substrate stage 1, the inmmersion space LS is
enl ar ged dfin theentedgnsxgteny hihgad Wt 478 & Gia measuramerd aplue eviput fram the
contact with each other while the | eakage of the liquid LQis
suppr essednteifbwmsfepsystent ha (hwr mitayleroragiersi6).c drorlesampleiv edtate where the
Further, in the above-nentioned first and second enbodi nents,
descrilst i grstiasal26ntbd efitheadsstraeisrage din toedinplieditdedbn ishyerfoymperin sher f ace
of the scale nenber T2 (plate 86
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
20  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

25  stage 1 regarding the X axis on the basis of the measurement value output from the



menber T) is subjected to the cl eaning operation using the imrersion
space LS of the liquid LQ which is fornmed by the imrersion nenber 11.
However, at the tine of the cleaning operation of the scal e nenber

T2, the imersion space LS may be filled with the liquid (cleaning
liquid) which is different fromthe ligwid LQto be used in the

5i nmmer si on exposure. For exanple, the cleaning liquid is supplied by
t he suppl yinpoletonie@er spsiein t1 B €lasammserddrometepifoe The damtrmieapphiptus Becae pberdorimg
|l i quid between the inmrersion nenber 11 and the scal e nenber T2, so

t hat t he sEahiuerthb@osifi¢hat eontiob(nudvemnstctontdsl) bhde siteamnt nggd 1 quite bagior
exanpl e, hydrogen water (hydrogen dissolved water) may be enpl oyed in
whi ch hydr gigedp@afonbiSinfbnas@dived in water. In addition, as the

10cl eaning liquid, ozone water (ozone dissolved water) in which ozone

gas is dissol vediA thaédkrol wphfaﬁﬁ@rbe%ﬁﬁ‘sr (résBrdsy mgﬁfpdébx%%&%u\éﬁ& yRbET)
in which nitrogen gas is dissolved in water, argon water (argon

di ssol ved S 1S dlssolved in water, carbon
o t‘ﬁ@B&Es) of'tgleo&r}ﬂg OXI ggagn&é

di oxi de water (car ssol ved water) in which car bon

divoxi de 925 15 GARE) NS AOIBKEE et bl Fnl ereqmgeeeq%sér%%d

controlling watéer 1 n’ e ne
addi tion, r t ti.on e e oyed.in.
di ssol ved TFREART Brgre ”fr@%fla%?fwﬁ% Pt el e r%féﬂ?rhl TRl ks
at nospheri ressure. ddition,.as the cle nlng dr ogen
per ox! de. v e bR B atr e ey betaton 45
chl orine-added water in which chlorine (hypochl orous acid) is added
to water, BRTPAIY ofdbetorsign RATE RenHiTHEa 20&the hiketd eI*EPT%aIU\%l? e¥hendhfo| i ne
water in which choline is added to water, sulfate-added water in
whi ch KUl famquat eiciorpi grsmaiérd éibs Eetepiaddyy, thodetediien syskan hhgxasedsenpl oyed.
In addition, as the cleaning liquid, alcohol such as al ethanol and
met hanol , etdatsrmingdmneepiabteyableaibt oorgrol apparaies 9 canpeffaian thetcleaning
fluorinated solvent such as HFE, or the |like nay be enpl oyed.
Fur t her, iopetatenablnadduiontwigndlle ddcnpdtioa acka o€ teforeninpdicnpartuait avml | ke
t he 25exposure sequence SA, a dedi cated sequence (foreign matter
processi ne:xses apelptetitined acceptable value, the control apparatus 9 can perform the
cleaning operation.
15 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
20  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

25  detection system 13, even though the cleaning operation is omitted, the positional control



87 for the foreign matter process is provided. The control apparatus
9 can performthe detection operation of the foreign matter, for
exanpl e, in the exposure sequence SA. For exanple, when a plurality
of the substrates P are sequentially subjected to the exposure
operation, the detection operation of &#he foreign matter can be
performed using 5the detection system 13 for. each interval period of
every exch@ysmght cOREClY eﬁaislierfa‘fcgatryw pefqrmed sp grsphiistestaggd- 1 netherr | s,
each tinme one sheet of the substrate P is subjected to the exposure
oper at i on. WPigs.auigflout earyingat theinpgpesspr drandgopedation thymosibiond sopfolohe
foreign matter is not [imted to each tine one sheet of the substrate
P i s subj ebtsubstrafestage bxpolafarorape paforored. Theerefeteetitis passiblede stpposs nay
be perforned at each predetermned tinme 10interval, such as each tine
a predet erthe tedughpntad thexdfxpoduee apbsitusdien decadmcs withald debning dpeemtion.
exposure operation, or each tinme a predeterm ned tine |apses.

I n addid i om,addiiogacieneldxael sTeld foleSChhie G AnoviesepiabR sirppeExsiirt daEs Of
the scal e nenber T2 passes through the detection area AF of the

det ecti on ©yseRih bRtedtemAINeeIWbist té%laﬁtosotr A3 thhn kife ﬁl’@tva@@legitdbwﬂa!lﬁb@, the
first substrate exchange position 1 to the exposure 15position EP

and when tHQsulsdd @hfeeSdrAgsubs Y &5el 1110 BArkBE o 1R OSH{ RraBBS bE ihe forkignt O
t he second substrate exchange position CP2. Therefore, the detection

operation gfd Qﬁthgﬂ:;%l"fgﬂnigg}ﬁﬁ%?%gﬁ ﬁ]tl)g%lafﬂﬁp e rTh\S,féHrg,CtF%ngi&o &l c%ﬁ%%lebf

menber T2 can be perforne e of nmovin substrate

Sta0e, 1, e R M| SRR FURBAIE SOEL ROy (R
proj eCltOi Onco%{rgl? OF Ele %IleEI’Qt% s%?gg J1 ecgrg f)eo I?erf%%ti:cﬁ alIn addition, when the size of the
foreign matter is large, the cleaning operation is performed, so that the foreign matter is
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
15  canbe 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
20 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

25  same or equivalent components as those in the above-mentioned first embodiment are



system PL which is the illum nation area of the exposure |ight EL,
the positional relationship between the projection optical systemPL
and the detection system 13 is determ ned such that at |east a part
of the scale nmenber T2 is disposed on the detection area AF of the
detection system 13. Therefore, the coggrol apparatus 9 can perform
t he 25detection operation of the foreign matter on the upper surface
of the scadesignetndby tif2ame&fersngsquiriemlsl encibt deneriptjant theredB3willbeamplified|
to at | east the exposure operation of the substrate P. In this case,
i n paral | edr dnditteche exposure operation, the detection operation of the
foreign matter may not be carried out on the entire surface of the
scal e nenber T2FIGhalSA &d 1I5B dp@diagrhik illirithie saeRafple of dpepatiiaiof thdre
detection operation of the foreign matter 5 is carried out on a part

of the scahfindraoPBembes 113REHNAE 1618k 86don@BmBBAIRAL OThRfenttd8infeat BRI 9N
matter on the remaining portion of the scale nenber T2 may be carried
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exposure sequence, or in a peritod of time in the above-nentione
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descri bed ove, en the su ate rate stage 1

posi 1 onal CPOT LR bk el Bpdugn G R e 15 and the
detection syste i.s determned such that at.|east a part
LYY b h

f, th
scal e menber T2 BgraghlPHE§E AR ETAPUHC of e THRETS PN SRAS® 8“§t‘?é18‘fei1 on
system 13. Therefore, the control apparatus 9 can performthe
det ect i on i8pEPat pohe meoh hersPevEPost{ipR P R SYhsBalg E’peFI% b dediggramy, e
scal e nenber T2 15using the detection system 13 in parallel to the
det ecti®on Hpuratng amexsmpines the inypereiat sprae kS vdrichtip forggd at thetimepf the
The detection operation of the foreign matter on the upper surface of
t he scal e demingropfati¢ippiahe seatenemberI2e as skoweinfldonsd, he immersposur e
sequence SA including the exposure operation of the substrate P. In
t hi s case, spaded_Sleft the immoersiop ereatbenhl wfenkitped compared with the immersion space

LS formed at the time of the exposure operation of the substrate P, and the upper surface
of the scale member T2 is subjected to the cleaning operation. The immersion space LS
15  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
20  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

25  supplied to the supply port 19 using the liquid supply amount adjusting apparatus. The



20 foreign matter may be carried out on the entire surface of the
scal e nmenber 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 nmenber T2 in the other periods
(operation) of the exposure sequence S¥ Furthernore, the detection
operation of the foreign tter, mpy be carried. out on the entire

s 5r face of canfgp@ealiaw%%nﬁs&e liggnd sypaly gmopntsdiusing PPRRES R SEgiFhe e
SA and the_above-nentioned foreign 89 matter processing sequence.

I n addi ti obguid fPplicaanenf B UaH dFetp p suppliehie thoyuwpkyrportehdta thejtigne of the
performed in the mddl e of a predeterm ned operation before the
exposur e opesndig aparagibn phibie seadsmember T2 compawdivith thybquid vinply apemapéron
of the substrate stage 1 fromthe first substrate exchange 5position
CP1 t o t heunsipostorte spppliclitotheERpndort e atdbe Bt ofighe epposatei aparagdn dftbe
alignment of the substrate P are included. Wen the foreign matter is
det ect &1 i subtthitsP.deTteedforenthe paital hgraratistecan@nlabgel thaipfAdraibh Spdde Lheans

t he upper surface of the scale nmenber T2 using the inmersion nenber
11, and then cannaddién, (HexPXROMGT heaRMAdibOHadd LS HRlvdbdmE dedreasPihel d
on the substrate stage 1. In addition, the control apparatus 9 can

change t hejjfiiet@lery HBER pof unﬁthﬁn%@%ttﬁ?%e%gﬁtrdiﬁ?ﬁ 4p.bef OARcAtR above,

exposure operation of the substrate n, for exanple, when

the detecti . . . . .
e detec ﬁlﬁﬂqﬂﬁ%c%gérg'ag%léarﬁp% {4 Jutgl{}ggg 13&ecb§er9%&%ﬁ1§rﬁgﬂ%ﬂl 11{'19&) be

m ddl e of the exposur ration o bstrate orel gn
et er 1 bR L IR ISLPR L0, A0 90l DR GGAMLShn ARRBARLYS
Before d h seucbs{ rage stage 1 Oqo di.ng. 151 her_ exposed. sHbst r at SF{ IS
moved 16 T E SRS LihEd Sade bR S BB G R Bt ©
appar 2l Us e L Gall L5, MBSt S ey of e scal f Tarber, 2 el
operation zgfthettﬂr?e I)fotLS f:l%glnng (Ege?artioin%f the scale member T2 compared with the liquid
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
15  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
T2) of the substrate stage 1. For example, even when the foreign matter exists in the
20  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

25  been made using an example that the upper surface of the scale member T2 (plate



performed in the mddl e of the exposure operation of the substrate P
and the foreign 20matter is detected by the detection operation, the
control apparatus 9 conpletes the exposure operation on predeterm ned
shot areas and suspends the exposure operation of the substrate P.
The control apparatus 9 can perform thg cl eani ng operation on the
upper surface of the scal e nenber. T2 using the imersion nmenher

aﬁg t hen rBePEFDihbEklsdLRiiE CEAERS PPERIBPSINELS BHRGHPR PSR P OéFh@as
25In addition, for exanple, when the detection operation of the
foreign noliqud LRwhigpis Serfred binslke inymertien mederel lof EIPW@"%X%S&WFI@? of the
operation of the substrate P and the foreign matter is detected by

t he det ect¢lemingywerationaf the kealewembpe| T2a i ammessionSpecer-Schan befilddewith
control node of the substrate stage 1 in the mddle of the exposure
oper at i on té litind (Jednstg laqued) vhidhl in ddifdding from, thd hquidkQrp be psedhe the
detection operation of the foreign matter is perfornmed in the mddle
of a priedeinmidriioedxppetat Farexahplef tht bratixhgud & upplidttiyahe afpptyhert 19,
substrate P, which includes a noving operation of the substrate stage

1 from t hean@tROBh@sipR Spdcé Aol thd\@e SRCOMhi ShdstdmahSinsidnge
position CP2. Wien the foreign matter is det ect ed by the detection

oper ati on, mthBeraQRhd e 8P AAbLESTE s& gt ﬁ&@ k&@@m&rﬂﬁerﬁ'&%ﬁ hatRafRdl0
after the upper surface of the scale nenb is cleaned using the

| mer si on rre”be'As]tlj:e cll::{hnggdlﬂjo d ? ’exgmﬁlgl %ﬂ?o%ﬁ%tegg}m;%f?ﬂlsk(ﬁvwﬁﬁged

by the detecti on operat tter e exposur

operat i on of, {1, g@e%t]m}hfcﬁ ehﬁd;o 6 S04 GRLIARRALALYS 19 HORYS e

exposed s and eani ng operation on
h 15 f
ronbert0h i HaEf e g i WG Ruf 8??03%% WaI?fh@ R ACn R s

scal e rrenber T2 i s perforned afte the e substrate

i oaded. G o M BRHEY ISt @ EHESOL A B REPE TGRS (HEsOTBL T at o
hol di ng apparatus 1H, or a dum‘ry substrate may be hel d thereon, or no
substrate \ﬁ@é?r g‘goqqu@r tapgonglisyolved water) in which argon gas is dissolved in water,

carbon dioxide water (carbon dioxide dissolved water) in which carbon dioxide gas is
dissolved in water, or the like may be employed for controlling water in which

15  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

20  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

25  exposure sequence SA, a dedicated sequence (foreign matter processing sequence) SB



20l n 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 exanple, when an operator inputs an
operation signal by the input apparatus, the foreign matter

processi ng sequence nmay be performed. gurther, for exanple, the input
apparatus includes a keyboard, a touch panel, an operation button,
and t he | ifoetheZstergnanidier prongss isqprovsiediplTde contend appueatio? eingerfpmmn ther
processi ng sequence is 91 perfornmed many tinmes at a predeterm ned

i nterval , ddweeticebgaritionnf dpciort gnanated, fohexampleginghe agtoher séqmemerSor ned
on a first area on the upper surface of the scale nenber T2 in the
nt h forei ghorrmimgle, Wicancadslaly of @guebeaieSB. arel{eqientially futgec(eddeo thet h
foreign matter processing sequence, the detection operation of the
forei gn nme&dpBsurdByeritonPAE HeEARE PBraBos SRS Ebréigh AAtt&tah BE psRRAkd using

surface of the scal e nenber T2. In addition, in each enbodi nent
descri bed @b gé’tgatlth?stélﬁ N8IF&HE 2 BRintceval QBT eVﬁ'@%ﬁch%H géc &Gfe bsedte 13 tﬁ?
measur enent stage 2° can be detected using the detection system1 In
addi tion, I [

urt ace 16"of FrEe ROl AIE LR a3 e B 18 2 P %&&Eﬁi’)@&i o
result of the det ectiaon ) 10 T n matter .on the upper
surface of PRE Rl d‘ﬁ%&aet%ﬁumm ot PR P e

t f b t t hat
o TR b e (el e
performed with good a curac%p In addition, in each enpodi e
descri bed BUET + Fi dedclipyppeiionanaydis Repfermey %Bftf@rpf%dﬁlﬁf‘a@éd BPlet he

reference nmenber 44 including the reference grating 45 can be
det ect ¥ usiehgl sheh ateeetlimng a Prdeterningdnumber g @Fﬁvhﬁﬁateﬁ Rerecspbissipthly
operation of the reference nenber 44 can be perfornmed on the basis of

t he det ectthepxpogisajoperation, heeagh tigwta paeretymingtin® lapspe f or ei gn matt er
on the upper surface of the reference nenber 44 is detected and the
cl eani ng oper at ilmaddison ér éach emtodmentviesdrksd sbayk, thhepmte swiice ofithe esald t |
20 so that the nmeasurenent operation using the reference nenber 44
and t he adpemsbardtpasipethadighnheodetdchion adeh giFfrat tie deyesti@yiencEwhe the
favorably performed.
substrate stage 1 is moved from the first substrate exchange position CP1 to the exposure
15  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
20  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

25  detection operation of the foreign matter on the upper surface of the scale member T2



Further, in each enbodi nent described above, it may be configured
such that the control apparatus 9 neasures the positional information
of the substrate stage 1 in the XY plane using the encoder system 14,
and at the sanme tinme noves the upper surface of the 25substrate stage
1 (plate nenber T) with respect to theggletecti on area AF of the
detection 92 system 13 so as to performthe detection operation of

t he for ei gesingthe deteeiionagysi¢raddin parglel to afleastibe einoeyre opartzaneof diie subsirate
pl ate nmenber T, and obtains the position of the foreign matter in the
XY pl ane oh tlhéibesse.gn phratidido thetegpdsumppessioh,ttheodetéchien bpmatsonddthect i on
system 13 and the neasurenent result of the encoder system 14.

Al t er nat i viekaign mhtterayayh®t bt gloue dn Beeleatiret shefhcet diehecsetie hedmbepPar at us
9 nmeasures the position information of the substrate stage 1 in the
XY pl ane UsBhad g, in@irdlRl @theé:Qunire bp&MsdneiRe Htectahthpaiatibh 6f tha flReith MRitter
noves the upper surface of the su%strate stage 1 (plate nenber T)

Wi th respegtarkied bitondGl R iR ke Ak Sfndier ‘P?, a?ﬁ@ne?fcge@ﬁ&ﬂ &Peraia beihe et

as to perform t he det ecti on oper atron o e or el gn matter on at
| east a p . : i S
{ ha® Lonon hhudlon i eHAR: IR I ealt iferleP &ty BEEAmila o, BESGH O

moasur onori e o0 B Rlelfe BHIoR B EE LS A il of s BBer it ame e

in each enbodi nent (Eiescéllrij bed a%&;r/e t he description has been made
such that PHhEPEITGH I PHEL PESCSIE AT st rate stage 1 which

is neasured by the |nterferoneier, system1 second [nterfer ter
unit 12B) is not"@ HO%B}eaPEEmé?‘{lﬁlﬁM?Fc%iﬁ V&t Y ‘%Hlif%aéeggeﬁlgso&re
operation of the substrate P, but mainly used for the calibration
oper ati%on e phstratg stage iscbitpogad Qprthe detetion ate of s rligamend pyseim { hdhe
encoder system 14. However, the neasurenment information (that is, at
| east one Repitippglaelptienship hgtween thepbignmpn suitemn 4P endriie detgction sysfemd3axi s,
the Y axis, the OX, the OY, and the OZ directions) of the

i nt er f er ondsteemirey stdnthat2t kast alpertwf 8w stde mehbedl3 grimpoted op aheadeitestiomnd
t he exposure 20operation of the substrate P. In this enbodi nent, the
encoder syasteAF tfithrdascicasyittie 1fosTherefosd, thenbotrstappaauo® carhgerform the
substrate stage 1 in three directions of the X axis, the Y axis, and

the OZ di rieedciiomsperdiivarnf tHefotelpm radtieg BeiRtupp@andhideT tlrdalt henthspDBUr e
operation of the substrate P, anong a variety of the neasurenent

i nfor ngst i QRiMfthd Aedtidh 8Yidk OFBE Rallel 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

20  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

25 member T2 in a part of the exposure sequence SA and the above-mentioned foreign



system 12, only the positional information regarding a direction, for
exanple, the OX 25direction and/or the OY direction, which is
different fromthe neasurenent directions (X 93 axis, Y axis, and QZ
directions) of the positional information of the substrate stage 1
obtai ned by the encoder system 14 nay §e used. Alternatively, the
positional information regarding the directions (that is, at |east
one of them}ieipragessingesequesss-s, and the OZ directions) similar to the
measur enent direction of the encoder system 14 may be 5 used. In
addi tion, the irdueddigenthetdetecigsopmiibR ofithy foeigsumattet sperfomiediin el
information of the Z direction of the substrate stage 1. In this
case, the mpoliddfanyaddetenhioedapératon befdrl thefxposns: aperagiot bhihe sEbstrine Puined
for the alignnment operation and the exposure operation of the
substrat e ¥hich theadidliiig dperatioh o0thd &libstrateGlagam fiohethe Pt buisttat agchafde t he
scal e nmenber T2 (plate 10 nenber T), it may be configured such that
an i Mgy si QRitER T to ki dkPEiRGpoMH0E P afid Sl deRESRY ofefHi0h bh e lalTBA &t 61
menber 11 for forming the inmersion space to fill the optical path of

the exposuggqlys@htt Phke Mitiufled. NavhdndHE fordith mafd i§ BReddITRRSL QlledRACE 1S
formed between the i mersion nenber and"the plate nenber T, so that

the upper oja‘éfaﬁi%ﬁ,‘%h@%on%ﬁ&%g%&h% IR ekp{)(ﬁ‘ SGiEANS the s%;?l}: theRfid! 14 ?ﬁn
t he exposure appar at us I'S provide an aifr supply appara us
whi ch has an.injection.no to..inject s. .The gas i.s injected on the
upper ur 1 SEERBFSPRaRRET L b pEPL S iy BB op s Bl S e SR P ue
the foreign trer off, so th t.he. upper surface of the plate nmenher
T can be SREILIE Syiiraisatr bn inlTiernBeimbolpiitul o nrfel i FRia
wi th a vacuum gppar at us whi ch has a suction port absorb the gas.
The 20'% or%?‘&rf’a}ﬁlﬁst PSS EgTe! ‘tFﬁ?{EFhese&P?%.‘Efeoﬂﬁmeﬂé% g?éf“éstrﬁ‘é%er Tis
absorbed using the suction inlet, so that the upper surface of the
pl ate nenber T dapddidone fasgnwnple, when the drigolipg pperptipned e farebanaHen is
descri bed above, the scale nenber T2 can be exchanged at a _
pr edet er mipeefdrmednintee middle of tanxpesureomention of He substratei Banddhefoaigon
using the imrersion nmenber 11 or the |ike, when the foreign matter is
not t ot al | yaiR$ isrdetmied dy thehdetstan eparaivinethe Téntod apfpeates trammetcs thet h a
new scal e nmenber T2.

exposure on all of the shot areas on the substrate P. Before the substrate stage 1 holding

15  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

20  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 conirol 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.

25 In addition, for example, when the detection operation of the foreign matter is



94 In addition, in each enbodi mrent descri bed above, the
exposure apparatus EX is provided with a notification apparatus. The
notification apparatus nmay be operated on the basis of the detection
result of the detection system 13. That is, when the detection system
13 detects the foreign matter on the ugper surface of the scale
menber T2, the 5notification apparatus infornms an operator that the
f or ei gn nmerer@Fmedindas widdiepf thegxpasuappresation o thestbstjatedt andrihetoseigmt us
inforns the operator using |ight, sound, inage, and the |iKke.

Ther ef or e, mattes isofetgcteddry thadgtestids opdraticopte goitom apfarathed esupbgugeghe
apparatus EX, withdraws the substrate stage 1 fromthe exposure
appar at us deXjrosoodehstthd dubstragg niagenaincle oiddichd tiscalpesuneodeeatiof 2f dan be
performed. The operator can clean the scale nmenber T2 10 as the

mai nt enancebstleg P.exanpl e, the cl eaning of the scale nmenber T2
includes rinsing wwth an al kali solvent. For exanple, when a materi al

gener atsed from tREIEHES tdrak@nple, (Be adtéctioh @ferhfon dTehsSoaAligh MRERey T2 as
the foreign matter, rinsing wth the alkali solvent is effective. In

addi tion, ﬂ%rrﬁ&?iﬁ%@ﬁlid&%f%&é@fégﬁin%@@pé&t‘?dn%ﬂ@?ﬁ@%ﬁ obGre¥pbtish HERe
scal e nenber T. 15<Third Enbodi ment > Next, a third nb_odl ment

will be des%ﬁ&la‘?fﬂ witidh ihaﬁdeq(?ﬁﬁ&ji%&tigﬁ 'oPH‘fTe.sEﬁ}?rat%Q ﬁ’%ro‘ﬁﬂt‘ﬂ&r R

conponents as those I n the above- tioned tirst e di nent a
desi gnat ed_hy. t ne_refere n rals,.and,-t he,description .
t her eof mﬁﬁgx‘ﬁﬁ%?itﬁg]eis oD SR e %ifh"i“s%eznbg"dﬂ‘er‘%zﬁ fofeqert Batter is
characterized i tga t he encaoder system 14 can,determ.ne a,specific
rea on t HESSIHQY B detes P SEkirtan &S FauE barmefit P G dth SRR ect
of the scal e nmenber Té. Al 'so in this enbodjnent, the
det ectilon %VE{LEHPR%‘ spehace ph thespale H’émi%ﬁ%? ietsani YEgARGITHECTEIRE MePkee
(surface stage) of the upper surface of the plate nenber T including
25t he uppell-surface of the scale nenber T2. In this enbodi ment, the
surface stage of the 95 scale nenber T2 (plate nenber T) includes
def ect i nf or mat lbaddation, wenihp &oreign nfasteris deteetpd by thgdeteptianperation offthe
defect information includes information regarding the foreign matter
on t he scdbeigmenitr affd. thel$rposirs ppdaritendd thecbortesly sheamid apparatdeP ect
the foreign matter on the scale nmenber T2 using the defect
i nf or mat i amloadgdredkpased hdbsugp@rand then can perform the cleaning operation on the
15  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.
20 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.

25 In addition, for example, when the foreign matter processing sequence is



5 surface of the scal e nenber T2. In this enbodi nent, the
detection system 13 can detect the information regarding the size of
the foreign matter on the upper surface of the scale nenber T2. The
size of the foreign matter includes the size in the Z axis direction
and the size in the XY plane. In addit%n, the detection system 13
can detect the information regarding the 10ampunt of foreign matter
on the uppeitiosyed pary dmey H @ pegdgleamipgd s vatpthe defetigniopprgtion ?fﬁhe foreign
detection system 13 can detect the information regarding the position
of the forepigm inperfoaneden ¢ fist ypper thewppasurfyke of He ssdamempebem tikpnth| n
addition, the detection system 13 can detect the information

r egar di ng fohsgromatigy pracessirgrsequente $Be Tlmmeinghe (met )ik forpign matiert prageesingn
t he upper surface of the scale nmenber T2. That is, in this

enbodi ment seqidnee, ibdiddtetibn bpdrationadf itlerforebganalien gna the peyiqared ou afsacad of

t he scal e nenber T2 includes the size information, the anmount

i nforme i oftea e RPSIr blnGRalof tHafseNememder T, the foreign matter, and
the occupation area information of the foreign matter per unit area.

An exanpl e of thg @R€5Rtd QOB cAbodiRenQIERITHE BbARPBRE Blrbk nEﬁﬁttéﬂbnttHéS
enbodi nent will be described with reference to the schematic views of
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cleaning operation is performed on the basis of the detection result, so that the
measurement operation using the measurement stage 2 can be performed with good
accuracy.
In addition, in each embodiment described above, the foreign matter on the
15  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,
20  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

25  substrate stage 1 (plate member T) with respect to the detection area AF of the detection



In the exposure sequence SA, for exanple, the | oading operation, the
al i gnnment operation, the exposure operation and the unl oadi ng
operation of the substrate P, and the |like are perforned. In this
enbodi ment, in the alignnment operation and the exposure 5operation of
the substrate P, the control apparatusg® operates the first drive
system 4 on the basis of the nmeasurenent result of the interferoneter
syst em 12 gykiemsit3 sorus ér pefoomehedetactipt ofje2#jon cdittek fowidnrmodier an posast a part of
the mask M held on the mask hol di ng apparatus 3H. In addition, in

t hi s enmbodefiteiippet surfabeothe glaranidémiss &7 @id obmigte pdaiceqi dsUboRign matter
operation of the substrate P, the control apparatus 9 operates the
second driyehSY iRl 2n @t Babie obaidsteOionk@éuleMRABEIRIRRDfior 88t 130indt he
encoder system 14 and the detection result of the detection system

13, and comt hfebsirdndd@fdshik 8theEndobEr Sitbatiuat A1Embgtelly, AMnd R SHRsIEAL e
hol di ng apparatus 1H The encoder system 14 neasures theé positional

0 L e BE AT BSOS Sk
operation pf, 0y HBSNLA S Fnie U AN 4400 D of Bl 2o SIRRULIRN 1 t N

| aser interferoneters secon er one bni't 128
are accessori| sed. jn case wh | ong-t exm.change, (for . ex | e
empor ol cegr et b s PRERE Sare Tre BFbt DB RRTCUb oo
of the encoder system 14 is corrected (calipration). In dition, in
order to p%g Phibfdgtecipgsy FtSﬁ“é%éQ @f’lﬁ’rfﬁffﬂéj“ alfd%%%o‘} ragr ] S‘Fﬁ%relﬁﬁ
| oadi ng operation and the unl oadi ng operation, when the substrate
stage 1 nobeerppatlsest g pait Af the upper syréace iof de PltrimeBbely aad ptipnthe
exchange positions CPl and CP2, the control apparatus 9 neasures the
posi t i Bhal pasiiion chtieifergigomatieeingbdh X rphane ontthgyasts of phetdgiectiorgesudt of the
direction using the laser interferoneter 34, and controls a position
of the substuysaletecgomgysten 13 anddkdintdsoremehimesdiveliipd iwferfetvanetaayston 12.
apparatus 9 neasures the positional information of 25the substrate
stage 1 by the %enhndinicathesiterdoneit describéd abd P traieperanion hes beomdiarg
operation 97 and the unl oadi ng operation and/ or between the exposure
oper at i on sadlihahde podiv@anl mGoropesadl thdsubstidde SaFd I @hish & pesutedon tef t he
substrate stage 1 on the basis of the neasurenent result.

interferometer system 12 (second interferometer unit 12B) is not used for the alignment

15  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 6X, the 0Y, and the 6Z directions) of
the interferometer system 12 may be used for the alignment operation and the exposure

20  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 0Z 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 86X

25  direction and/or the Y direction, which is different from the measurement directions (X



In addition, in this enbodiment, in order to performthe unl oading
operation and 5 the exposure operation of the substrate P, in a

nmovi ng 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 thedhead units 47A and 47C (Y head
48). In addition, in order to performthe alignnent operation and the
exposur e opes t 4xim aet 94 Hiscotighs of He@optionah infonwmiph et the sefstree stapel
substrate stage 1, the Y scales 26 and 27 can face the Y heads 10 48A
and 48B. Thleaie¢dbethe emcodemayvtemd 4maayde wsed.f etltarnativelyytbkpositamge) of t he
substrate stage 1 for perform ng the alignnment operation and the
exposur e opesraktienre@irdingehsdifstismt(thalls, 4t kastamebf tle Jap0a et Y15xi6, agafhe
obtain the positional information of the substrate stage 1 in the XY
plane (X a7 girectoRsslshnild RthEheivk&fdnt @ASKi0RBF Il enbASH ?sl@fn Rimbyegst

t hree neasurenent values of the |inear encoders 14A, 14B, 14C, and
14D. | n; addi.tii of, . 4k rol.. i {100 of
t he subnjst ?]gslteg' s aagg}&ellﬁ n’ljtﬁgﬁ’h?%fe%jégﬁgﬁget%\ﬁ? r??adgjgé(}sgg%rpggfy%%{;?@ﬁ@% |nng
t he second iye.system.5 on the basis,.of.the pasiti.onal .infaormation.
Since the BitpeEanipRld P RGERY) of i it MR BT o MR TR b
the linear_encqders 14A to 14D js sufficiently reduced conpared with
the | aser 7 AHSPFEHISHEPe YiHioE e SRBIE) PENM-A0T FIR AP CORRIE 5 or m
stability regardi ng the neasurenment value 20with respect to the air
f1uctuati ofe EYWPHFED with the interferoneter system ' First, the
exposure sequence SA will be described. Further, as a premse in the
exposur e sequendadsitiong iherder tpicksan theapperisngacsd thetscap membenE2 Matergr y
al i gnment system 15A and a base |ine neasuring operation of the
seconddy y mbmbgririt mey be eonfiguBBau¢hothdtsBdmaressierswenea 1t Hrived whickady
performed. The base line of the primary alignnment 25system 15A is in
a posi ti ondifferest fadm dresminerdia wtmbad) foi folminp éhegmpyeetdn spacgpodilt then of
the 98 projection optical system PL and the detection reference

(det ect i onoptiesitpath)ofalie éxpesuyps ligm By, wikh ¢b Mgl 1Y, ahe the InMersidisphase

| ines of the secondary alignnment systens 15Ba to | 5Bd are

respect i vefoymédehetbéanahdRshérsion metibet /i tReple@inhediber Bf RIBNER pfet ection
center) of the secondary alignnent systens 15Ba to 15Bd with respect

to the detgghiodr tﬁ@@%%eﬁq@&%g&on center) of the primry
al i gnnent system 15A. For exanple, the base |ine of
15 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
20  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

25 removed, the scale member T2 can be exchanged with a new scale member T2.



the primary alignnent system 15A is cal cul ated such that the
reference mark FMis neasured in a state where the reference mark FM
i s disposed on the detection area (visual field) of the primry

al i gnnent system 15A. Further, as the nethod disclosed in the
specification of US Patent Applicationg4aid-Open Publication No.
2002- 0041377, in 10 a state where the reference mark FMis di sposed
on the projecti dmadiieen, BRaoh einhedipen] destribed alpyye) thabxmyet eppaPitys EX is
spatial images of a pair of neasurenent marks are neasured by a
spati al i negedataihnnodficapen ajpacasof Tae sbiificaapappamnnetayltsiopgragedpai r
of slit patterns SL. Then, the base |line of the primary alignnment
syst em 15Aht BasipdfGht @di@tioR FestiifBf tAa étSctidh sydien d8! eThdt &) whes thelde@bttbnt he
measurenent result. In addition, for exanple, 15specific alignnment

marks on t%e&%@ﬁe{e@k@hﬁofeﬁérpﬁﬁtﬁ ofl RSt gpat ®faéd ofand &hlehﬁéﬁ%&@‘@, the

detected by the primary alignment system 15A and the secondary

al i gnmeyt lﬁilfi?ifcﬁi’c}‘ﬁ appiatub hidrARdnioPe QY AR e f&&%g}r{b%leﬁ%gte&i:&!e%&f the

secondary al i gnnment” systens 15Ba"to 15Bd are ulated on the basis

Tan to 1an apbinueTRile PR B AR SRR PIIRT LR L0 TRRRE B,

trol 20 j ust i ti f th d | i t
A SR S B A
the alignnment. shot area in adyance For e | e hown in
FI G o, ety e Suibpae Aes | BOM i Guosire ARG CRab [k BgReRsh o
position facing the final optical elenent 16 and the imersion nmenber
11, and no¥fdle Cals mgast Facw '%@c%@@e‘{- o REPFRIE Fa“sqﬁ%tt]i‘%%céleé&eé%ﬁa%

position CP1 25in a state where the imersion space LS is forned
bet weel® t has thq mainteaiice c aloreixamplat the eleanigmot the sqalerraemshes A 2rivghyles ringing
and the neasurenent stage 2 with the liquid LQ Further, when the
exposed subigh ammalkalizolenhelFor orame vdeb e tmratarial genggeedifrom He spbsttated! is
apparatus 9 noves the substrate stage 1 to the second substrate
exchange poachedontheR2sle avaohberilDadbe foneg gemposedhnsingogith éit alkili koloemtishe
substrate stage 1 disposed on the second substrate 5 exchange

posi tion GPRctivgl N@n hdiktidn; didperator sirgehge Thar At afetbei TEwahAME®Iscale
apparatus 9 noves the substrate stage 1 to the first substrate
exchange pashtdran CP1l. The control apparatus 9 | oads the unexposed
substrate P to the substrate stage | disposed on the first substrate

exchange positi QphLeREmbshin@ni-he transport stage 8 (step SAl). In

addi ti on, when the substrate stage 1 noves to the first substrate

exchange 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.

20 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

25  the upper surface of the scale member T2. In this embodimenf, the surface stage of the



10 position CPlI, the control apparatus 9 may performthe neasurenent
operation using the nmeasurenent stage 2 as needed. For exanple, the
control apparatus 9 illum nates the exposure light EL on the first
measur enent nmenber 38 in a state where the inmersion space LS is
formed between the final optical elenegy 16, the imersion nmenber 11,
and the first measurenment nenber of the neasurenent stage 2 with the
i qui d LQ scAle nicnoes T2 i(lewd nedodecT) ihbleddsi defdct imbasuarienefithe uppebaniad8of
constitutes a part of the spatial imge nmeasurenent system 39, and

t he spati afhe seHROBeMBESIY. € TR HefBatSiifofimaddn G aiudeb irdbrimatibe rdgamigishe
characteristics of the projection optical systemPL on the basis of
the exposufogeitd MRtterBh thd JcHIBINEMRETDN THA@is! ihe FbtcARASYEHENE R caMBRS the38.
In addition, the control apparatus 9 perforns at |east one of the

MBaSUr eMe iy HREhHhdr A hds2hIR Shdnlber YEYUSnd R AEreOnRRRAE AL Qéi‘c_lilﬁg fRWppaEnt

system 41 and the measurenent operatioh using the uneven ilTum nance

nmeasurifg ﬁlﬁ&@@tﬁ%ﬁ%@gﬂ%@%ﬁ% The control apparatus 9 can adjust the

optical characteris he projection optical systemPL on the

basis of the ne r.enent..operati.Qn. usi ng the ne ne age 2.

Ater the subst ki soeiPel BhOaR R Fh 7 AT R BEEMRRE" O
t 9 25 L th d dri t 5 d st t t

Che-subst rREETORIEEE o G EERKeL B AU F S THS BHEER ORI e

first substrate exchange position CP1l '(St'etﬁ SA2). .. . In this
enbodi nent The e of diedoreigiinalfes inclides fhe sizp inthedrpisddireriinn apg thesizgiig P¥s ed

between the first substrate exchange position CPl1 and the exposure
posi tion EPY plates hinqdditieadherdeiection Restephd £d) degsp e dnfoenagiog segarding thpe
al i gnnment marks provided on the Ssubstrate P using the alignnent
syst en0L5 dseduot ef forpigismter oathe upperssusfady) of dhegale ananther Exposuaddition, the
operation (step SA3). On the substrate P, a plurality of shot
areas SH adetdchen gysfros L eanaleasthe sifgratiod sgaidmgaherpasition of ikeefereignor
exanpl e. The alignnent marks are provided on the substrate P so as to
cor r espondmiter bhéhenpppenttheesofsiodcala meathe SH2. Theddioioh,rthd da@itian afstesn 9
detects the 10alignnent marks provided on the substrate P using the
al i gnment By&heBlkdiahd mférbAtSA #gh@ing the occupation area of the foreign matter per unit
arca on the upper surface of the scale member T2. That is, in this embodiment, the
15  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
20  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

25  operation of the state (surface state) of the upper surface of the scale member T2 are



of noving the substrate stage 1 fromthe first substrate exchange
position CP1l to the exposure position ER The alignnment system 15
detects the alignnent marks on the unexposed substrate P held on the
substrate stage 1 between the first substrate exchange position CP1l
and the exposure position EP. 15The cogjrol apparatus 9 noves the
substrate P held on the substrate stage 1 with respect to the

det ecti on iaclededof the alignment system 15, and detects the alignnment
mar ks provi ded on the substrate P. In this enbodi nent, the alignnent

system 15 (15A, 1d8RBaxpssuldBgienBasAafopkxingld, ihe 10ddisies@edtioa thabeasnennd
can detect the plurality of the alignnment marks provided on the

substrat e ReahifRShe &ipohihe op@iFont dnd®he ﬁ@dd&lﬁgmp&aﬁ&p@ﬂhgﬁmsﬁratﬁ Peand the

cont rol apparatus 9 selects a part (for exanple, about 8 to 16 ar eas)

of the shojy ateastate®n fhlifis SHBSHHBACinFhidhenAl o ARAR AL BDALoANRAS,

and detects |gnnent mar ks corresponding to selecte
ar eas i T
e U e Y R C L abrlandtes & ofact h%gggé
di scl oléZd cgjﬁ}atgﬁe%%spgg I %:tgt fon gi} glg en 5 S% Tﬁe J}?%m%
control ap aratu % erforns a d. EGA ( Enhan E%%
25A 1 gnmonts Pk PR Rare S i ﬁ?%?*ﬂﬁ? 9%% ipeHprpmeter
detected ali nt nark 101.is statisti aIc d SO as t
cal cul at e T 2P0siEgHas FAPSHORRS thf ey Rl med i e el
each shot area on the substrate P (step SA4). Therefore,  the
control appafdition v thigembasiment. in e %&sgwm&@sqan%?rtslr%ﬁmﬁursPp@afecw of
shot area SH of the substrate P in the XY plane. In addition, the
control appaswsuaic 8 theegnigbepparttusioneriesthbtcron drivgardemg omﬁhe basiglof ng
and rotation of the substrate P by the EGA process.
addi tildn, themehiusenembredilheithe entdederggstentlitand thealgtepioroesilthef thtedee@tlpmn
system 13 is di sposed between the first substrate exchange position
CP1 and t heystempGsardecopwals tiipositiePof thesublirge @ibiddinrtendubsithehddingr ol
apparatus 9 detects the positional information of 10the surface of
the subst rapprafds UHL NThé Bcod@tsgatinan measirenthd goddedral @fdrivatisiibihe at e P
IS
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.
15 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
20 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

25  the substrate stage 1 by the second interferometer unit 12B between the loading operation



subj ected to the exposure operation (step 5A5). The contro
apparatus 9 detects the positional information of the surface of the
substrate P using the detection system 13 in the m ddle of noving the
substrate stage 1 fromthe first substrate exchange position CPl1 to

t he exposure position ER The 15 detect9dbn system 13 detects the
positional information of the surface of the unexposed substrate P
hel d on t hthddhpsrlpading eperajion andfps RebueenithreexPPyide oRNON A thediplnidinge
position CPl and the exposure position ER The control

appar at us @pemiipasandigentselb s peatien ¢ theejudstorte stage Iserbibe pagiscofdheameasirefienh
respect to the detection area AF of the detection system 13, and
detects thesgbsitional 20 information of the surface of the substrate
P. In this enbodinment, the control apparatus 9 obtains the positional
i nformation of tlhedditod,acthixofmiddamentiis brdat © perfusn g unhadide bpehticand
system 13 before the substrate P is subjected to the exposure

oper at iPN. the exposure bpEraGONGH B subbpas Rlib & ntbvirplran gesof ilesuBhialestage 1, the
(approxi mat e pl ane, concave-convex information) of the surface of the

substrate X sbaserk 4820 b‘gs}aéﬁfvﬁfyqﬁh%%éh&{aﬁ%ﬁﬁs 4B 814 47'@\,6“)@@%%‘9)2 afd thehe

hei ght information Zij each detection point Kij ich is detected

using the (1f2-4 Qﬁctp%?e Iie%cff\yeﬂ; £ e heat Gfs 2Mhnd 47 l(Y heeiﬁgﬁa.gqgtaﬁ@iltion,

apparatus 9 forns I'mrer sion space LS with the I'l qui et ween

the final Qntital p&tEHERS abfmehiipelMBERR AP IRIRE pdrktioftdnd Astrate P,
{he subs % g’ per? m f

surface of su rate n-order to or e  exposure operati’on
on the substrate P. 5l hi s enbodi t,f0 a di s¢l.osed in
The: spect rnadnraneranr Shlhs By St Tl Y eles SRR Beaslise R SIREEY s on
No. 2006-0023186 and _US Pat ent |'ication Lai d- Open Puhlj cation No.
2007 0> 700 Sl Pttt g PIORerGree Sl & Hinck et e et
one of the substrate stage 1 and the neasurenent stage 2 can hold the
liquid LQ sé%ievl;eféﬁpﬁtfﬁ@nf‘}g%%\? al}ﬁ‘j‘f‘}eéta‘rpeéﬂt@%?ﬂ the gxpstrcoReraliohel s on
menber 11, the control apparatus 109 nakes at |east one of the upper
surface 17ubstrathB tha goatrokappargtug §ean obiply theposifippalinkgnatipnct g sypstiakee
nmeasurenment stage 2 face the | ower surface 16U of the final optical

el enent 16Gtaged infle XY weme $Xrkiace afid,dnd PZdirectiommemstho hasissrfiaeleast threen a
state where the upper surface 17 of the substrate stage 1 is close to
or cones iméRuenhaeluedbs thelifeardpaersIynl aam 118, fddoRey. Juaddiden, @e t he

reference nenber 44) of the neasurenent stage 2 as shown in

15  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

20  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

25  system 15A1is in a positional relationship (distance) with the projection position of the



15FI G 10. Further, the control apparatus 9 synchroni zes and noves
the substrate stage 1 and the neasurenent stage 2 in the XY direction
wWith respect to the final optical elenent 16 and the inmersion nenber
11. Therefore, while suppressing the | eakage of the liquid LQ the
control apparatus 9 can nove the inmergs on space LS of the liquid LQ
bet ween the upper surface 17 of the substrate stage 1 and the upper
surface 18pwfectiofeoptivalfysisFémad thesdeiggioprefgrence fideiectiah srfiterbpk the pr@ArY
the i mersion space LS of the liquid LQis noved by the upper surface
17 of the digngenttyetentldde Thahesetlings efghesecondaf ndigni@nigfysteme 15Ba to
measur enent stage 2, the control apparatus 9 operates the second
drive syst E¥Bdars ushectinay r¢lineepppepnssaintficadeectign affertive (darzsibn a¢rgersdage

| and the upper surface 18 of the measurenent stage 2 have the

subst ant i afhk yecdaday Akgr@hint {RRABMEBY td | IBhwith febpeeamhhoidi@tipn reléram
adjusts the positional relationship between the substrate stage 1 and

the nmeasur @eRBlion ckHRr)Tf ARSrimary Alidrd@nBHERNeh TS CIHP bk Dible, ithe Wiks&IBRe 610
nove the i mersion space LS of the liquid LQ by the upper surface 17

of the subgt Pﬁhﬁrﬁél%ﬁﬁeﬂt s?ﬂ&ntlﬁﬁ YRR a LR R 48 rQfrehlemiR A sement
stage 2, at [east” one of the upper surface 17 of the substrate stage

an € mURAEY 7 Y 5aRGher O tefbrdfce TR Wb ot B Gherdet REGIT arel] ©
" d e gLﬁo§tfa & %gyegnen 16 an te];%eﬁallep

| ower surface 1 the Tinal optica ower
curtace LN 408 U B0 TR 0 A8, A0BE BB
R T A U e R A
T e A o R o S g e = =™
referred to as_a scrum sweep operation. .
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,
15  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
20 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

25  in a state where the immersion space LS is formed between the final optical element 16,



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

optical elenment 16 and the imrersion nenber 11 face the surface of
the substrate P, and the immersion space LS is forned with the liquid
LQ between the final optical elenment 16, the 15i nmersi on nenber 11,
and the surface of the substrate P. They control apparatus 9 adjusts
the positional relationship between the projection area PR of the

pr oj ect i onthephine@liongysiteml Bland tie hdnsursient stage 2 V&R tbé liquiié LU b Furthire P
and the positional relationship between the inage plane of the

pr oj ect i onwhei the atposatsdubsiatl P artdld dieths suthage sage 1,hiee ounbsk apptak oon
the basis of the positional 20 information of the shot areas SR of

the subst rabeesthodhbataiedaden bhe St sbdrad ek chdhge pPREXCPBR]L] phidaR Of
the substrate P obtained in the step SA6. Further, the control

appar at us {fle S8AK&NMub&kdY P B¥ROSE Sutkife E)tlagla{ ﬁhiisédée@fm 8 hekuRie@S SH

of the substrate P via the liquid LQ of e 1 nrersion space LS (step

SA7) .l t&sgﬁgg?%h ‘gi’z u%i]ltf'fthg(ﬁ%\g%%ﬂ@é e E.nf?ﬁéi’@f%f'eoﬁlegfmtghﬁ%&g%ﬁ% % ate

st age IS ure y the enco sy§tem 14 in the m

| east_the expOSl SraRe ahJoNoGh illfondid. SUBSLE3hG:E cFNC ARNLHAL
appar at us neasures egposml onal  rnrormati 6Gn-o € substrate
stage 1 in the XY.plane usin he encqder system 14 d the scal
renber T2, PR g BB AN e e i PatRe BYS e Rl E ke 15 1 T8
controls a positiopn of the s§g tr.at%ﬁsta e 1lin_the %g 5 plane on the
basi s of tWESHALSTPHRERPSUN HELuYRs rirappo e 8RN V4, and at the
sane tinme sequentially exposes the plurality of the shot areas SH of
the substrate P.Inpifitigramhpphe spbiratesiage dimoygpiorthe fist orbgigie exchangse
positional relationship between the image plane of the projection

opt i cal0 syrosision QP 1avd conirol apparaiese® By peréors ihe meagueenienppper HOnygwE sheof

t he approxi mate plane of the substrate P which is previously deduced
bef or e t hensashemenit stageGRsingededbj Eartesample, théeontsop apparatusdhidnminiates theand
exposes the substrate P at the sane tine. The exposure

appar at us d&poaire light ELentibaiinemtasusen@nsmamberi§-in y pateexiposihe émapEamat us
(so-call ed scanni ng stepper) which synchroni zes and noves the mask M
and the supadeies 8 foinmed batvides el fafalbpizel Seadibil Aghdiniation menedl @tnd he

sane time projects a pattern imge of the mask Mon the substrate P.
In this enpodiiBRisurdnhi@t H@ABBI dTdhe measurement stage 2 with the liquid LQ. As
15  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
20  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

25  operates the second drive system 5 and starts to move the substrate stage 1 toward the



15direction of the substrate P (synchronized noving direction) is
assuned as the Y axis direction, and the scanning direction of the
mask M (synchroni zed noving direction) is also assuned as the Y axis
di rection. The exposure apparatus EX noves the shot areas SH of the
substrate P in the Y axis direction wjph respect to the projection
area PR of the projection optical systemPL, and noves the mask Min
the Y axi sexgbsiee positionER from elsyidst suBdratecexchwnge poditiorn@R1 Grepaddga | R of
the illum nation systemIL in synchronization with the novenent of

t he substrate PIhthid &isbodiditsthéligtettioh @rea oAthetaligmB@iTysdtdoi®s istdighosed
exposure apparatus EX illum nates the exposure light EL on the

substrate Rivéad thBrsPOdeAS ERRORPoSALN EPS h&MhPlxsH3GretpBgtibh BRI din gk
and exposes the substrate P. Further, the control

appar at us Qnisfing¥ NEDESHMOT Sypanths MMk ol iR AARERAh&KSpRIRd ot meand the
measurenent stage 2 in the XY direction in™a state ere the upper

f 17 : : 18 of
the moasur San R b el SPThL B EO e IR PR OB AR cach
other in ex%osi n bs}%’hg)te P. After conpleting the

t he
exposure of PPHE u%agk‘)%‘zi%%" I'n order to nove the imersion space LS

of the liquid LQ from.the upper surface 17 the substrate ,sta

Co the upper 5 Stvihgasige Bt tias 3 afvdn b M ooni Ao gt pPified
apparatus 9 perforns the scrum sweep operation in a state where the
upper sur fIRREATX gjape.Har apete: atlBe ahighmeny maky aperproyjdedeqn e sybgizale Pgo of
t he measurenment stage 2 are close to or_cone into contact with each
ot her. Af tasrto epeespatdUmitpfesscibpehelares SHs  dhaprurabapparaies § ¢fieststhen
space LS of the liquid LQis forned between the final optical elenent
16, thé | rmhgneegmarknprevided on thaduhskrete Fpjsing thoaligningaicsys8mdiS in g middle
nmeasur enent stage 2. In order to unload the exposed substrate
P from t heofsubing tht entstratgetags 1 frhm thohtst aibsiagiperchtngs p@siopeCRI ésththe
second drive systemb5 and starts to nove the substrate stage 1 from

t he exposuwx@ofudspdsition HEX Tawalighrehesyseaoridesutsshe sliganexchadgen the
position CP2. The control apparatus 9 noves the substrate stage 1 to

t he secondinsiistd aibetreX bRaIAGH tHERBSIHd QikeGRZRAaL thdfiRadbstdiceexpased
substrate P fromthe substrate stage 1 di sposed on the second

substr at e RXEBATE aRO HeldkPihufdPositivh BY. t he transport system 8 (step
SA8). Thereafter, the control apparatus 9 noves the substrate stage 1

to thgs«irst su i d
to t! f’la’ljt Tt suk EEéﬁtﬁ)é ?Q&%?%E%fmg% thd s%BstQ?éEﬁélQ oh WRAIbithE: HNRXPEHE

e su age 1 using the transport system 8.

201 n thi s enhadi BRMeecAbl Sta O BPRREn HSich TRE QR SPRS RidnheRlmb IS

neasur enent
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
mﬁks provided on the substrate P almost at the same time.

20 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, 15Ba to 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

25  Alignment) process in which the positional information of the detected alignment marks



stage 2, the control apparatus 9 neasures a relative positional
relati onship (base line) of the detection center of the secondary

al i gnnent system 15 with respect to the detection center of the
primary alignment system 15A using the reference marks AM of the
reference nmenber 44 constituting a parnpjof the neasurenent stage 2.
The control 25 apparatus 9 neasures a pair of reference gratings 45
on t he r efiersatigzalieodaiatddisositmgalcull &6 tHelp@siohe adsrndbBidn &chndGient The
control apparatus 9 adjusts a position of the reference nenber 44
regardi ng ddagdisMesslof €Ch kIR aRA oh ik NBGtate PlstdplBAgrpasur ement val ues of
the Y heads 48A and 48B. In addition, the control apparatus 9

neasures the refgeRRGE BB pRAnds & ah 8bRIMANE FosiTRINBB hfoftatthi dF@adhe
primary alignment system 15A, and adjusts a 5 position of the

reference gepher %ﬁ%f R YaE RS ih\f}‘gﬁ %Y?fdg*?- fﬁldad?fiti%ﬁ,i e 961&1%?%%?&%5 g or

exanpl e, using the neasurenent ue e second Inter oneter

o _ . O ; h
cont r ot apar AR 88 Ereilnpd it BRaRL HRIEN et iRional B Pu ot
t he referﬁq‘ggmsnber 44 which is in the visual field of the

respectiv E¢6¥dary ali gnment systens 15Ba to 15Bd using four
secondary alignnent .systens 15Ba to 15Bd, and obtali the base |ines
of four secondaﬂ?a‘gﬂi‘ S Eé’&’@?’é‘ﬁé‘t’_}ﬁ]’fég?teﬁﬂmﬁ‘%gg of the detefonsyste; lgn,

the control apparatus 9 caontrols the second drive system5 when_ the
substrat e i§disgesed betwepihe Sirstiswhytrats exehapgs position SF A die 3PevEsROsitioRd
moves the 15neasurenent st age 2 to an optimal position (optinmal scrum
posi ti on) ERr Ipehis gnbrdimgentiibe eaviohippaesls Sfrsactstthpppesitional information of
Hereinafter, the process as described above is repeatedly perforned
i n t hellexpbs surkics efthe sdsir8a P uFingtthd detectibvesystemt Hobefony plaer subsimatedP is
operates the second drive system5, and noves the substrate stage 1
from t he fsubjgtted ubtht egiosurexptratige(sepSiats).on CPL
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
15  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
20  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

25  basis of the height information Zij of each detection point Kij which is detected using the



20 to the exposure position EP. The alignnment system 15 detects the
al i gnment marks provided on the substrate P in the mddle of the
operation including the novenent of the substrate stage 1 fromthe
first substrate exchange position CPl to the exposure position EP. In
addition, the detection system 13 detggbs the positional information
of the surface of the substrate P in the mddle of the operation

i ncl udi ng ddtestiomywsteent 3 Gfept3fe)25substrate stage 1 fromthe first
substrate exchange position CP1 to the exposure position 107 EP.
Thereafter, the Therbtntoll apgpainsa? fisms trimasrdidrespacdiss with ehediqagElQ

hol di ng the substrate P to the exposure position EP, and perforns the
exposur e Ofetwéen thedisdl bpfical Bement 16, the NaMikrsidnhgenstek @C,tan 0 heSAEfU@NTEhSB

wi |l be described. The detection sequence SB includes an operation

for detectdupgrddiRin d}H&*tHﬁéﬂf&m he 8RJodnre SpéiaforséAh€ sutthtk #Ce state) of
5 the upper surface of the scale nmenmber T2 using the detection system

13. Thes I nf or matgh gf LROREHLAFol BEnTH fa%?clésteﬁhﬁth%]?écﬁ?caﬁ&ﬁ'&tHEB(B’@er

T2 includes the defect Information of the upper surface of the scale

member T2, p.The o gggc%ﬁsn LI R P ek B NAO S R8O d AL "

of the forel gn ter on sca e nmenbe escrl p
bel ow, a

e et eCt
nf or mat | deGPPERE %?Iﬂﬁa?%h%tO?%ﬂfo%a oRbe SISO Sheeinmir.
The detection info t|on of th reign matter inglu leaqulrt1 one
of the. o1 78 SPHDE LR HA ARG eI A M RGP HEEF O IoEA Ag ﬁ@d Bsdireta
information of the foreign matter, and the occupation area
i nf or mat i dIsMBFEnhfeling P%W‘@‘helﬁlﬁﬁtéﬁ apg the jmmersignagemigi dd, the cortypl pppagatus
enbodi nent, the detection sequence SB includes an operation for
det ectlithg 4 makes ot leny ana shikie nprer s¥iachd7 oF tie sulbrEpisstagTd ang theagprrsidice
in this enbodi ment, the detection sequence SB includes an operation
i n which t%eaféhm@b@urewst syge Pfackethe fovien ewfach d6d pé dieffingl entisal elomann 1§ he
substrate P in which neasurenment error occurs due to the defect of
t he scal e amdniipdowdiZsurfiacd hdJ of wWelinemeafioh mengea hninrgptax pbewrtle wipet he
substrate P. In addition, in this enbodi nent, the detection sequence
SB i ncl udesrfase e tiad substrdtOstagehiaid glos@tot dt€omes into contact with the upper surface
18 (upper surface of the reference member 44) of the measurement stage 2 as shown in
15 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
20  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),

25  and adjusts the positional relationship between the substrate stage 1 and the measurement



20control node of the substrate stage 1 according to the detection
result of the detection system 13. In this enbodi nent, an
accept abl e val ue regarding the detection information of the foreign
matter obtained by the detection system 13 is set in advance. In this
enbodi ment, when the detection informggpgon of the foreign matter is
equal to or |ess than 25the acceptable value, it is determ ned that
there is nstaged:ei gn matter which is not 108 acceptable in exposure.
The foreign matter which is not acceptable in exposure includes
foreign matter dh thetubote ddseriptieasitoedve it mownd the immenionepicailiSed theyliduire
encoder system 14 is substantially unusable in the driving of the

substrat e EQageheluppbi Gifatks EBoftthesubeeROstagh | MRl thy GpRis ek e ot dhe
substrate P is subjected to the exposure operation. In 5other words,

the forei gRcdBichRht #4YeCh ad 18ashOite &Qﬂeﬂgipépélﬁfah@l’%ﬂ%% MbBirdtd sth g nd the
foreign matter due to which the encoder system 14 cannot performthe

i | Lm_thi
POSI t1OoNn {Tﬁﬁaﬁ%uﬁﬁ?ﬂies g’lithé Hl%as%%%¥ %t%%ﬁffa@&Qh%IO\Jépgur%@mJ Bf the finhiN! S

enbodi nment , tection in tion of the foreign matter is
cqual 10 ik SK AR LIepaRARLARLE 1Ol HR, iy ulEL s ep L
1Ol o e S PN ST oL 88 I SRR
i e
substanti al use of the neasurenent informatiaon _of the encoder system
14 in t he BfIsYIERgRoYaseRere Bpshionized andygaved ip s 6y diectishaithdpspagiite e
does not prevent the position neasurenent of the encoder system 14
usi ng 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 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 I.Q between the final optical element 16, the

15 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

20  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

25  measured by the encoder system 14 in the middle of at least the exposure operation of the



the scal e nenber T2 being perforned). On the other hand, when
the detection information of the foreign matter exceeds the
acceptable value, it is determned that the foreign matter is foreign
matter which is not acceptable in exposure. In other words, it is
determ ned that the foreign matter is13@ foreign matter which renders
t he measurement information of the encoder system 14 substantially
unusabl e i substipte Br i Therngniodl apparatesD steasitres the pepesiohal(ihformitgom ofdhe er

whi ch prevents the position neasurenent of the encoder system 14

usi ng t he sibattage stegeblein tH2X Y rpbane heinp thepmrdder pgtn 14 mdithe scaknhadbardny |
when the detection information of the foreign matter 25exceeds the
accept abl eandakpsses thesuisspeei i ¢ area TA on the substrate P is

determ ned, and 109 the control node change of the substrate stage 1

is performed.  The conthdl faﬁﬁ'&atﬁi_ﬁ@@tfﬂnﬁisi Opbsiih OMhe AuEASR sWBe ¢n thBXY

detection information of foreign matter is the size of the foreign

natter dégﬂ;[ Lém{%%ngﬁf ﬁz{si stlﬁ‘?h%ﬁea%ﬁreﬁfémhﬁg of he 'Ieﬁc'fo%lestystfeﬁhrmem IR safgen

it is m ne at the size of the foreign matter defected by the

5det ect i o1y gy sl Ay LSpoSAUAL oAy of €55l NN dibEe AeSoRLARlEe Yal ue,

t he control apparatu eter ere 1s no foreirgn natter.
Wien it is t erm ne hat the, sj.z f the forei.gn tter ceeds the
necept abl cTionu® Pital Afara Rl R eba opalisl SR e oo TAE R
area TA on .the substrate P, and the_control de chapge the, .
Lot 1 at o Rt B Tele e dplipd Gy L Ao e SorThCesar 0 D reh S bapiat
the position of the foreL%n matter detected Ry the detection system
13 is in theRpuedingls phneohthesebsistedbrhich isayedpushiiedpesgdietars the sibstigie
the scale nenber T2, at |east one of the determ nation of the

speci ik df saubnectechle thexpeghe praAratifmeandci¥ane thesupsiatedt shdlp sapygdime: he
position of the foreign matter is in the acceptable area of the upper
surface of the Jbakxpayerstippardins EXKhd tideembodimentiipnscefningréyps sapdstifec

area
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
15  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
20  to the illumination area IR of the illaumination 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

25  and the measurement stage 2 in the XY direction in a state where the upper surface 17 of



15 TA and the control node change are not perforned. Even though the
foreign matter exists on the acceptable area of the upper surface of
the scale nenber T2, the foreign matter does not adversely affect the
measur enent operation of the encoder system 14. For exanple, the
acceptabl e area includes an area in whiggh there is no diffraction
grating RG anong the scale nenber T2. 20In this enbodi nent, the

det ecti on Besubshrate sBBe il snpthe fupparsulrface 18 of thedetasurpinag dtage 2iadclosk t¢ dime
when at | east the exposure operation of the substrate P is not
carried outomd intotdonsiciewitoelicheitier intepogiigt @e titdtats Pguence SB i S
performed in a period of tinme when the | oading operation, the

al i gnment  oper atAfeR cothpletiSX e SkfRu@ e fRtsuBNira® Wl id fi€erttd hidv@d tHtGmmersion
operation of the substrate P are not perforned, that is, in a period

of tinme whencd NeoZReNRNE W EHRRR HpksSsubiicd B7 6ﬂh@£hb§t@it@st§%eaf f-the %ﬂg@r

In order t0 performthe detection Sequence SB in a predeterm ne

period of i G gﬁﬁmhé Hl@as%l’%tnf ?rlig% £ gie,%oﬂﬁtgl a yﬁhﬁgb‘ﬁgrf&@wttﬁ@scﬁgxgﬁ%p:t

operation, t etection sequence SBis instructed'to be per

L A MBS SRRM PP PR Wy BEARET L
5 | b, T i t he detect] t 13 1 d 1 ned
il e Ve B SRR b o bR O

| u S . . . A us ur.es
posi ti onal‘&ft?’fft%er %ﬁ‘f‘f‘é CPFOPEITECY E@F]rpget‘%l’ g?é’ﬁ‘g'gis‘@sﬁpﬁbemﬁgﬁéﬂmg&rg of

the encoder system 14 and the interferoneter system 12. At the sane
tinme, whillefome hgtwepkthedinak opsice elamegb @, theimmeasidymsmagiel lypidthe BRRSE ct
to the 10detecti on area AF of the detection system 13, the control
appar akdus yriges Bcefdhe measpepmenpiiagesk t er on t he upper surface of the
scal e nenber T2 using the detection system 13. The control apparatus
9 detects the fdreidgntormaidadthegaxpoded shizsiats Pdforn He sdbttatststaga 1y e gbntrabf
the detection system 13 and the neasurenent result of the encoder
system 14 Hpparatuh® opataees tlerseoeidekive ywtemDd 22 stavfssto abasse themblstelosragel In
this enbodi nent, the control 15apparatus 9 can obtain at |east one of
the size ifadoeHErdcposure pdatiodMXitdivatdhe kevahd Qibstrith exdhasdetgosifiah CP2.
information of the foreign matter, and the occupation area

i nf or mat i orheQbonirhiGphatRk gMndves thekulRBhteWibé 1 & @8 s&dnd Bbshas egchahgd he
detection result OF the detection system 13 and the neasurenent

resul t150f 3 RRIERPOIRE ulRdsSMR ddolQlsubfifitd PESH iR QWAL si8yST &Potedon | N
this enbodi nent, since the detéction system 13 is di sposed on a

pPOsi tion ife second substrate exchange position CP2 using the transport system § (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.

20 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

25  apparatus 9 measures a pair of reference gratings 45 on the reference member 44 using



20whi ch the detection operation of the foreign matter on the upper
surface of the scale nmenber T2 can be perfornmed in the period of tine
when t he exposure operation of the substrate Pis not carried out, it
can effectively detect the existence of the foreign matter on the
upper surface of the scal e nenber T2. 106 FIG 12 is a diagram
illustrating state where the foreign matter _on the_up 25 surface
of the plafe Yﬁ%ﬁswﬁdﬁéﬁudﬂh@ceqﬁ@l TRAFEAUSH Adiustser REFitioR @?Eh&é?féfeﬁ%er
T2 is 111 detected using the detection system 13. As shown in FIG
12, in or daembey idaegaeding the 6aglistigmm anahe basisof thevmeasprsaenisypifea obthofY t he
plate nmenber T in a predeterm ned period of time when the exposure
oper ati on lofadd 48A sudbt8B: athe additich, rietcontasl rappatatas9 mehdveesahiefaddnce marks
apparatus 9 noves the substrate stage 1 in the XY plane with respect
to the detgmtéidihe ast@dndeAleritier i Esiflethe phinRRy AR shdtem! IFA} M dadjusts a
enbodi nent, at |east one of the upper surface 17 of the substrate

stage I an;%sitifbﬁ o ReEfeReHEd RERLA A4 gty RIS IEHRIT aBt 8B&idnd, &Ges the
| ower surface 16U of the final optical elenent 16 and the | ower

surface 114J.0fd &ngd meag@anémmﬁés ot da Qc&ldsiht%}f@romfe?ﬁmtt bz URRRY

surface 17 of the substrate stage 1 the upper surtace 18 o

rreasurerren[%aﬁgtoﬁgl%ngea%rgm&it%ﬁego or corre into contact with 10each

ot her. same ti1ne he substrate stage 1 and the rreasurerrent

2 e,
theeubstr at Zygﬁaéh"snéf In Bt o RO R R mEPEERRE L o

< Tor moa WHHAMS é%fer%%%v‘a@‘v%&av%%s% S T

t he i mmersion rrerrber 11, and the neasurenent stage 2. That is, the
subst rt e S§f’%{§ér yphignmep Sﬁﬁe@%@ﬂ 9 1B d aging frup H@OW%P%‘\@W Phlemss pect
to the detection area AF in a state where the immersion space LS is

formed, andBakie 13R4.apd piaing Herbasq lngs of fouheccprlasy gignment wptemadSBeto

per for rred on the substantially entire area of the upper surface
(upper sur¥Bde of the plate menber T) 17 of the substrate stage 1. In
this enbodi nent, the substrate P is held on the substrate hol di ng
apparatus 1H 20 In additien, hecdhieol @ppdrites 9 edreclsd o saaped difiveoystod Stvlgen the
foreign matter. Further, a dummy substrate nay be held on the

subst r at e dubstdiengagaina patarmingdihe sutisiisie Bxchehg: @bcekd) @andlabestthon
operation of the foreign matter. Unli ke the substrate P for the

exposurse, rhéwethendstfeIb babgirhd pasified @PHmalNBheY baditioM) 61 paifeining the
cl eanness so as to be unlikely to give off any foreign matter. The
dummy subsffiat @vdedSptiBo2PPr OXi Mat el y same appearance as
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
20  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

25  substrate stage 1 from the first substrate exchange position CP1 to the exposure position



25t hat of the substrate P. The substrate hol di ng apparatus 1H can
hold the dummy 112 substrate. By holding the substrate P or the
dummy substrate by the substrate hol di ng apparatus 1H, the substrate
hol di ng apparatus 1H can be protected by the substrate P or the dunmy
substrate in the mddle of the detectiloii operati on of the foreign
matter. Further, the detection operation of the foreign nmatter may be
performed Fh alhsteaiter. thesperol appas#pe? mevesHhagibstre sagsst helding thegubitipge
dumy substrate is not held by the substrate hol di ng apparatus 1H.

In this endsdherexnosure pesidemklr: ond pgrframathesexgosgies dbesubkieatd Br ei gn
matter in a predeterm ned area on the upper surface of the scale
menber T2 whi ch Neshrtlss detictor saquerse SBi will ellesdribedii dlie@etftidrheequence SB

i mrersion space LS in the mddle of at |east the scrum 10sweep

oper at i on iacldddsha oprjadsnifoe depatnatthoimf@matidreregarbisi et sat®(surface state)fedr
exanpl e, the edge shot area of the substrate P is exposed, the |liquid
LQ of the theupsesb@facs G stafe fber TPusilpahoddtedide sysienin 8.heTiwur f ace of
the substrate P, and thus cones into contact with the scal e nenber

T2. The expfssbfor dediliinEkhd tirfd& didt@byint Scalméhbdt MoNALIGEs @ dehRt Scal e
menber T2. However, since the size of the i mersion space

15(1 mer sigR, AL %ﬁgﬁ] {Hﬁef Nl ofthefG1d rﬁ?rhlt?éﬁ g9" hdfertdd ﬁfg{]n?itﬁﬁ tion

area PR which ist um nation area o e exposure t he

liquid LQ ig?\ﬁdég dgﬁeﬁé&:ﬁbh &ntrggl?'rﬁa{tigff gﬁ@g%@gﬁ&aﬁgﬂ;&n@% Fé’:ﬁet ﬁex&@{f 152 fine

menber T2. ormng thé scrum
sweep operation, e i mrersion e Lrg of .t he +i iélj. L Ves
et woen ¢ ey vayt TR FheBrRTREs ImaRubl s Fechon BTHERD e
surface 18 of the ne rement 20 stage .2, so that a part of the upper
surfacl of OfHE rggttdqrév?ﬁngﬁﬁ%spn 356‘?115?%1?1?4?'0 contact with the liquid LQ
of the imersion space LS. In the description below a part aof the
upper surface offhfHefegioadrfopmafngof thedgisigignatict Beligat dzasugnerp! theeize
liquid LQ of the inmrersion space LS in the mddle of the scrum sweep
oper at i on igfpamatien, fepenypenfsmatien, and be perbonal pdermatian pf the foreign matter,
arbitrarily referred to as a contact area CA.
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
15 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
20 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

25  the acceptable value, it is determined that there is no foreign matter which is not



25FIG 13 is a diagram schematically illustrating the contact area
CA. As shown 113 in FIG 13, in this enbodi ment, an annul ar area CAl
around the substrate P in the upper surface of the plate nenber T has
a possibility of comng into contact with the liquid LQ of the

i mmer si on space LS by the exposure opgggtion (inmersion exposure
operation) of the substrate P. In addition, in the scrum sweep

oper at i on, aceptalrle i @ABsunhi Theifgremgnpeatter Gbich idvert adéepiablle inéxpokee upper
surface 17 of the substrate stage 1, to which the upper surface 18 of
t he neasurmomdés fetedgnem ter 8 whioh ehetrfeasiirememesiormitibnabniicdibywhd dncodeas a
possibility of comng into contact with the liquid LQ of the

| mer si on $RREE14SsubkbdtiallySunuk4bld fitke biBO§ubsirdi€ staQN! abich aE@ahdCA
generated by the exposure sequence SA includes the area CAL and the

area CA2. J0Aw H82GHibAY @Qﬁ\ﬂ% suﬁﬁratté"ﬁm sQbeted o TRE Eﬁfosﬂi‘b%ﬁer@tlon In
possibility of being attached to the upper surface of the plate

menber 4, (%}H@r \Lérgﬁ gl fbfglc(rﬂﬁﬁ)[&lr %thw?lfls ﬁ&eclcéegf&ﬂieqn 'e;@osﬂi%Xn@l?des Iflorelﬁn

exerrpl ifie e contact area comng I nto contact

liquid LQ I%Ettérblﬁe {d 151? }h%%nag@f%sk?i ltéltﬁg{loq 1%01%1&1' %Q&H&? %gglu}eln{e}(lt of .

that, for exarrp hé I ver Si on

or apart @'fF bﬁt {a ial of the substratePeIutedtothe 15I|qU|d
LQ may be PHEHAE S ﬁ% et 0. Using the detection system 13, by
carrying out th det ec |on eratjon of the rel n_natter 'th )
priority in the 6’6?\’6%‘&{ E‘(‘E}i’c\%}“ﬂﬁﬁ“é‘@?flé‘ﬁ‘{?&«é:gi) inferayption, gk the frreign
foreign matter exists anong the up surface of the plate nenber T
i ncl udi ng *Ph@%%)%?l e gF *eéi:%a’&hetaﬁ@maﬂ%‘@l“ﬁi hisdletermygd ﬂ%ah@e{i’dﬁé?

surface of the scale nenber T2, foreign matter can be 20 detected
with gbbd ferdigrmainry AHerneibish wbenihadgiection informetioadithe foreign matter is
control apparatus 9 perforns the detection operation of the foreign
matt er in ¢duel toonteatthe acasptatla velietdyen thopglr it dadetented thyft theHferepgranaster
menber T using the detection system 13. Further, the control

appar at us &ipsitfipderamtileel ttattecioragm wpen & focaigromattdreviidrie hgprptabit irer
even on a non-contact area NCA other than the contact 25 area CA
Even in t h&pbaite,d06thackords, dorelnAnatiet Whish alttws istanttpliusk dfhedfedsb@ment

i mrer si on
information of the encoder system 14 in the driving of the substrate stage 1 (foreign
15  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

20  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

25  exceeds the acceptable value, the specific area TA on the substrate P is determined, and



114 space LS does not cone into contact, for exanple, a part of the
liquid LQ of the inmrersion space LS may be spl ashed and attached, or
particles floating in the arrangenent space of the exposure apparatus
EX may be attached, so that the foreign matter may be present. The
control apparatus 9 can detect the exijgpence of the foreign 5 matter
in the non-contact area NCA on the upper surface of the plate nenber
T usi ng t hibe destted tiodaclepge efthd Substrate stagd histperfernmdbodi nent, t he
control apparatus 9 noves the substrate stage 1 in the XY plane with
respect to the detheckioiption bdowr @be wheae detdectiianingysktesn dfForeign
addition, the control apparatus 9 perforns the detection operation of

t he forei gnawaid e siodot hefokbign Bat@nvillak!discebed fandxemple! Theelopn esr
surface of the plate nenber T including both the contact area CA and

the non- cofdamiple, #h&fit NedtermiiRd %ﬂﬁHteze%Pﬂﬁff@&%ﬁ Pt edRE NS smevhet her

or not the size of the foreign matter obtained by the detection

systemsl3 gxcees @sEeﬂ?lﬁﬁ%gﬁl ?@&ﬁes‘é%dﬁ%é’&c%’l?ol@@éhé ,tl‘ilefco‘thﬁgl a‘gug&ﬁfﬁts 'Pon

result of the det'ection system 13 (step SB That i s, ntro

appar at us 09% det ALMHIeS, %?otfagxg smfaﬁemotwﬁepﬁt ig g@@ﬂgggeg@@;ﬁg %wéﬁﬂ% i S

not acceptable I n exposure exi en |
det er m ned. t hat tPe Siz f the forei matgre i S ar#ﬁto.or | ess
than t he aSEaRtBRIE cYisfiiuhe porsptapig Valygdne nkotaspdrabR Ystermis®iech i s
not acceptabl.e in exposure is ngt 8 t ect ed, t(ge cont r.ql aratus .9
por f or s, PRIOGEFRIMORAL PPOBLEE safl Bl Rl epads e of MestBamlentiiES the
exposure sequence SA. 200n the other hand, in the step SB2, when it
i s deternmnETYRSE the size of the foreign matter exceeds the
acceptabl e value, the control apparatus 9 determ nes the specific
area TA of the $upBerriatls pnpedimgnisshen thepesitionrA thesforeigomaitmdeiectod by
illustrating an exanple of the scale nenber T2 in
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 specific area TA and the control
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
15 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.
20 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

25  exposure apparatus EX is in an idle state.



which the foreign matter exists on its upper surface. FIG 17Bis a
schematic view 25illustrating an exanple of the specific area TA of
the substrate P. In addition, FIG 18 is 115 a schematic view
illustrating an exanple of the shot area SH including the specific
area TA The specific area TA ijgpan area on the substrate P,
which is overlapped with at least a part of the illum nation area
(proj ection aredyofer wfpertfoem ¢heploteutian denyhice 5B imh predetdrmined phefod of time
(foreign matter) on the scale nmenber T2 is disposed on the

measur enenwhear easubkiritd € isndigalgecdél toakie éxpsure bgadlioAdthe dEtedtictrsadizhes
when there is foreign matter which exceeds the acceptabl e val ue on

the scal e sBifstrutRd té BEp@NL R it s Sdctdindfbd GRS At BR CORBS UpSIFRAs 9
error in the specific area TAin the mddle of the scanning exposure

of the subgital sml?mhﬁﬁaaa@ctiohleogéﬁﬁ&i ShERrdigh m%eeélsotnghéﬁpﬁemrﬁe@bﬁhe

menber T2. That "is, when the 10specific area TA Is disposed on at

least & pa{cﬁleglﬁen]iﬂ%?}@glﬁhg fHe! ﬁgc negstar?i’ 13?5E%Eed@éﬁiﬁ%@%héﬁoﬁ%?ﬁme when

measur enent val ue o e“encoder system ecause t orelgn matter

exi sts on ? sca er. 2. .. Wien .there_is e foreign
i tor o DRESERESRREARRL b P s nt RN TkESBIC (0T 90

the specific ar TA,. the neasurenment information of.the encoder
System 1514 i o OHBEVIFR FBRTY L L HERBIES e PE el OTREioB {Re SO r at
stage 1 which uses the seco stem 5 when the substrate P |s

dri :
scanned antPEEXJHEEA! lo8s o8¢ ﬁg&c\ﬁgc}»o\égg 3 Pt Iend hecinferigrogietes sysicm ? fre Al

position nmeasurenent of the substrate stage 1 obtained by the encoder
syst em 14 Bapaes B Welemarvigdhe pybstipfe sk ir the X paneyith fepgect to the
measur ement informati on of the encoder system 14 20 becones abnornal,
whi ch 10s céeipstion wya ARef therdsieghiomeystear 13; defcentrgl apparatha? detadte thedersten
T2. That is, the neasurenent val ue of the encoder system 14 when the
speci fi ¢ anater PAtheqipgespdsadiohe stlelneasgter A2 psing thefdetehigonmysiemctidi ohe
area PR becones abnornal because the foreign nmatter exists on the
scal e nmenbentrdZipphrats @xatepls ¢he foletenabmner omthetbasio bf thh dete@baiuresibredithe
informati on of the encoder system 14 includes rapid change in
detection system 13 and the measurement result of the encoder system 14 (or the
interferometer system 12). As described above in this embodiment, the control
15  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
20  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

25  surface of the plate member T including the upper surface of the scale member T2 is



25 neasurenent val ue, or an excessive anmount of deviation in the
measur enent value of the 116 encoder system 14 and the
interferoneter system 12. The positional relationship between

t he neasurenent area of the X head 48 (or the Y head 49) and the
illumnation area PR of the exposure llight EL in the coordinate
system (XY coordi nate systen) is defined by the encoder system 14 (or

t he 5i nt erdedgcindarmg thadeicshipn systenivhl. c A showAHWAIG | Brin qrdsetordefegt thal ue,
for exanple. In addition, as described above, the information

r egar di ng foregipostiaron ﬁhedfpp@mrfﬁm@flt@qwlﬁfameerber T innppmiletenhningd pepied of
coordi nate system (XY coordi nate systen) defined by the encoder

syst em 14 tiroe whérethe pimshreopemetiar ofdhs tubsrd @ imt tirdedagi the obnttdie
detection result of the detection system 13 and the neasurenent
result of dpperarnOoti®es thystesmatbdtagon ii the XIVplahewikeapRt & ths Yattaivn hta.
Therefore, when the defect (foreign matter) on the scale nenber T2 is

di sposed OAF bh@e dEB&IUhENRENL 13! €8 @fs chibedi¥nehe atle4sd ofdsf th@%&%r hﬁﬁde 49) ,

the control apparatus 9 can determne the speC|f|c area on the

substrate § i st Ghoeat aldq@RSHppRr ﬂfi‘fat:e o oittH@nieHul’Hﬂéﬁ@Ethéém RAt&ahe
(projection area) PR of the exposure light EL 1s overl apped. 15After

the speci flb&elasr P TI%U Sf tﬂ%hﬁﬂ eleflBf GHRH LR 108 &%Ff%élﬁég oftfd T O T8

t he control e C ange o strate stage I n accor nce with

the speci fﬁn‘ine% rf‘n%f%%aé] tl‘?}?a?é@whe D&y e@%lgi%@tlﬁ%ﬁth%%ﬁ&%%e ?g{? A and

perfornms (restarts e exposure seque e ba

changed co, tro inafter the control and
- el anb e SH5s 145 B S Ui T B lo bomEats frradpas "
descrihed. In this odi nent cont r ol change of the

subst rlglt e @fhglen r‘*ﬁg%&a‘é'g UE‘r?a‘i’i’ﬁé“ SHaRR,ﬁ aéﬁltaﬁfg&éé‘m”‘? FmeRS gees & are
changed for driving the substrate stage 1 by the second drive system
5in the rﬁyamfem%ﬁd g goyed Hirihe & Yedifssden: e Toetefdie tansbstiaiesfags] can'be

including the specific area TA on the substrate P. That is,
moved with respect to the detection area AF of the detection system 13 ina state where

the immersion 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
15 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
20 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

25  that of the substrate P. The substrate holding apparatus 1H can hold the dummy



the control apparatus 9 nmakes a difference between the control nbde
regardi ng the 25driving of the substrate stage 1 by the second drive
system5 in the mddle of the 117 scanning exposure of the shot area
SH not including the specific area TA and the control node regarding
the driving the substrate stage 1 by tH2 second drive system5 in the
m ddl e of the scannlnq exposure of _the shot area SH i ncluding the
specific a?t@atrar% Brnkoldigg thesrbsdisisdr orrthe dumpy substrate by ke %rbistwenlgoleflgt he
substrate stage 1 by the second drive 5system5 in the mddle of the
scanni ng esfperinsd Hpthetsybsteatpdiolding appardtusrid] ¢raibegrateriedstpetbe pubstrate 8r TA
in adifferent control node fromthe control node used the scanning
exposur e ofhe dhimytsobstiateaa tigHniddle of thel dettichon ¢frmtivopof iheiferegmesat®A.

The control node used in the mddle of the scanning exposure of the
shot ar ea Bhithencheudtiergoi berstjpacf tHedo@ignanailr inag beldaformed i sitatemdere a
used for the scanning exposure of 10 an area NA other than the

speci fix ame@bdrAuél astth€sibb@ite RIE the Anndibaratsic abchelelethe s@sdrhier t he
scanni ng exposure of the specific area TA. That is, when the shot
area SH ofndiligg apasduisetie P is scanned and exposed by relatively
novi ng the substrate stage 1 with respect to t he exposure |ight EL,

the control appay %é@n@odﬁﬁ&h%ﬂé Sorftfdfa deGnSWrti V\E{Wﬂétttﬁ'rin yhe
first node when the area IS expose n a dition, en

specific ]ﬂH C t he
second dr ?éfg&st%@tﬁee% i t s%%:ljc})naggﬂhg & @ﬁﬁ&%%%e(:hc(go & I:ltg

appar at us Cgon %( PR Gith 91r ; VI iﬁ%‘?\,ﬁer he Slélxtglsoglrsasg%k 0 The mldlai’é ﬁl&asg(&le scru

drive system rn a S e ar e scanne Xpose
differgnt fromthat in.a state where th ifi G, area TA is scanned
and ex’gj;s etV eep RPHATQ allfaﬁxﬁﬁﬂlf? OReﬁaemHé’ggﬁ 'ﬁ%ﬁ%{ i nformation of the
encoder system ]Féclar .!:xsample the edge shot area of the substrate P is exposed, the liquid LQ of
the immersion space LS exits to the outside from the surface of the substrate P, and thus
comes into contact with the scale member T2. The exposure light EL is unlikely to be
illuminated on the scale member T2. However, since the size of the immersion space
15  (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
20 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.

25 FIG. 13 is a diagram schematically illustrating the contact area CA.  As shown



20 used in the first node. In this enbodinment, in the first node, the
control apparatus 9 controls the second drive systemb5 on the basis
of the nmeasurenent result of the encoder system 14. The second drive
system 5 can adjust a servo gain (gain coefficient) with respect to

t he measurement information of the encgder system 14. The control
apparatus 9 sets the servo gain in the first node to a substantially
const ant vialRi6 Enh BE epdoflirens ab hendaarmiGlyl srposthe eubonate BPen theempdlA.
118 In addition, in this enbodi mrent, when the shot area SR not
i ncl udi ng $ubfacspfate plate meretger TAak § pSBibilite df eonting ke s@dact tvitd tigoliuidlQ
apparatus 9 sets the servo gain to a substantially constant val ue.

The cont r obf tRPPAhELIWE sPhcE ORIy ThSexpbardopasionGRithédion ekfRugepentodorve
system 5 on the basis of the measurenent result of the encoder system

14 5 and p@k fsiBee Phe iRt tﬁ'é(Rﬁﬁﬁ'Eﬁeé%rprﬁﬁorﬁrﬁﬁrare%@@z which is a part On
the other hand, in this enbodinment, in the second npde, the

h
measur i nf ormat | i he
measur oont” AT ar Rk B Wper fIRa T e SYSLEMAL T, B M MRS e e
t he second co | Apparat us ont r ol rpl)
the second i fmebrERIL G TREREME pePRlY Subelhaitar 2 pa §F
10t he interferoneter syst 2., As descri bed ove,, the control
appar at s GTIBAPRL T TN B R oL FRIERS Berede s o P VA ihe
substrate stage 1 on the basis of the measurenent inforpation of the
encoder syJRRaRHmoN; the condachprga gerpied by € aexRW“FesseB'é‘?“ﬁﬁggd’é prled thend
exposed. The control apparatus 9 controls the second drive systemb5
on the bas¥e bflepdths@iafrsfrent 15 i nformation of the interferoneter
system 12 in a state where the specific area TA is being scanned and
exposeld. Then, tAsalesaibed abovappsdhaiorzigomelieingbis pasabidighelrhsingmaehed ¢ as
to drive the substrate stage 1. That is, the nmeasurenent

i nf or mat i othe ofper bigfasn obthe platywember 1Y thediqusldd {dyeplerafvieliguichbQ) may be
substrate stage 1 in the scanning exposure operation of the substrate
P. 20 Howeazemplifial. dx drqoetacivinaCA hemhgdsu cenman twithrtholiqed LQrofolfe t he
encoder system 14 is abnormal due to the defect (existence of the
forei gn meikingdrdiowEpabhES @k & NEED Possibity W Torrampleeiite liquidri@sf thecur s
in the encoder system 14, and when the encoder system 14 cannot
measur e t hghnR@sibh 5be P miahSefisiR St & plu€osSthadftetial dfMBe ABASAE PRI to the
information of the interferoneter system 12 is used for driving the

substrat e 1§@PEQ 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

20 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

25 areaCA. Even in the non-contact area NCA with which the liquid LQ of the immersion



251 n this enbodi nent, the control apparatus 9 can switch the
measurenent 119 information used for driving the substrate stage 1
fromone of the encoder system 14 and the interferonmeter system12 to
the other systemin the mddle of scanning and exposing the shot area
SH of the substrate P. In this enbodi meat, when a state is changed
fromthe state where the area NA is scanned and exposed to the state
wher e t he gech$ feesapbeons: i qogtag fngsemplad rexisd SeediquidyeQ ebHer ol
apparatus 9 switches the neasurenent information used for driving the
subst r at e wtmagrsion sface ki iy bersplosherd asq sttashedl 4r pagti¢leselloating if the onet er
system 12. In addition, when a state is changed fromthe state where
t he speci farcangereant Tpuce of the anpradreapparexp BXetay e drached atthatuleioesighe
area NA is scanned and exposed, the control apparatus 9 switches the
measur eneniatdithnymRipkasnts €de Editrolippriang 91h deeauhséxiadRe 81 agordighr om
the interferoneter system 12 to the encoder system 14. In other

wor ds, swheRatkdien £:2MbA-LbntAR ARaINT £ bR Sgpdrsafhdel el pisit midher T Gsihdfe
second node, the control apparatus 9 swtches the nmeasurenent

i nformat i ogdisigdsfsfim #8.1 Ving the substrate stage 1 fromthe encoder
system 14 to the interferoneter system 12. In addition, when the
control node is 3 i he
15control appar e{glt}g@ %ﬁ‘gov‘\jllIcl @%Wéégg%@ﬁmgﬂa%%ﬁ{)&f% gsru %%{a?e})sﬁﬁ%ggg tl#eor
driving t substr.ate st 1L fromthe, interferoneter system 12.10
he " encodes Y SEcfirgeott A8 fuecleb O AL B B LECATRL -3, “Tldrayied
time of swtching or before.sw tching, the aut oordi nates of the
encoder oyt GRS ToRiognt B ShBttier i eiaPhibe ftRieh e Bt

after switching, such that the output cqordinates of the encoder

syst em%4 ST SOHTA EARE PEHePESUEgeotad fhepdate msEbaht insludipechsit MRue

at the time of swtching between the first node and the second node.
In this eriostrhie CArRS hegepspn@as a8NEMui ng bet ween the out put
coordi nates of the encoder system 14 and the interferonmeter system 12
is made to diff dihegentrahapparaies Dietermaneswibietisr oot thersize o€ thieifprsignmaadier t o
the second nbode and at the tine of the switching 25fromthe second
node t o t hebtdingddty thedeection syttdne i 3 woredds, thaacceptatd ¢ alonoprhe bes s ofiihe

detection result of the detection system 13 (step SB2). That is, the control apparatus 9

15  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.

20 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

25  illustrating an example of the specific area TA of the substrate P. In addition, FIG. 18 is



120 manner between the output coordinates of the encoder system 14
and the output coordinates of the interferoneter system 12 is nade to
differ at the tinme of the switching fromthe first node to the second
node and at the tinme of the switching fromthe second node to the
first node. 5In this enbodinent, in thesswitching fromthe first node
to the second node, a coordinate connecting process is used in which
t he out put? ¥dematinaes dllusiratingean; efpapleef Sigshetrarepy i meudingghespseific agape
mat ched with the output coordinates of the encoder system 14. On the
ot her handlAin the switching fromthe second node to the first nopde,
a 10 phase connecting process is used in which the output coordinates
of the encoder distspevificdares BA Seain aksionghd fubstoand B uthicoie wderppabwint at he
interferoneter system 12 and the phase infornmation of the encoder
syst em 14.least a part of th&illubBinatfonar&apRieRtibe ar¢h)PR of thelstgoairt MightHIewhen
connection process in the switching froma servo control of the

substr af e bt agctkiREEH Rl oRhelsPfe RREBEET2 BYRHEME bF thelnehstRfRhV#ea
control of the substrate stage 1 performed by the interferoneter

system 14, oqRdy ihBad 480F We BEMaBAS]. T QTG Sxa2f1Y el Riek s fich heust Rk at
stage 1 perforned b he interferoneter system12 to a servo contro

y
of the substrat ﬁ]esatcgega?egaﬁes (’Hefoq{tH?gcapzymérﬁ’lferg‘gftgggﬁcoﬁgr)ss%rgtg?n]ﬁ' ehflalkl G

19, the horizontal OWs positions (c I nates) “regarding the Y

axis direction i, ong, shat Baa Strand.{ i erteal ol s shovs, phe
20 nmeasur €MERE erfor ( postthohal ™ er r'or) P {GEC e SaRT %ygiéﬁnfﬁ &nd

the interferonet syst 12. In addjtion, the line Lj shows the
oasur emer USRI Recgre R B AN Sy eiseih e e Rie TPy nEal . ShiGie

t he negsurenent val ues of the interferoneter system 12. Further, the
line LV e PRINE 2iendAdbisparad oF & lenska Bt efke Bl P 163 BR 51O 2R i8ed
by the foreign matter when the connection process is not carried out.
25Wen t hehg Fgasuggresat hlug of the ervader syyiemds pecace tha faggigp mafier st the

(control cl ock)
scale member T2.

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
15 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
20  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

25  measurement value, or an excessive amount of deviation in the measurement value of the



121 for the positional control of the substrate stage 1 is generated
at a predeterm ned generation timng CS, and a sanpling cl ock
(nmeasurenent clock) for the neasurenent of the encoder system 14 (and
the interferometer system 12) is generated at a predeterm ned
generation timng M5. 5First, the conneetion process (coordinates
connecting process) in the smntchlng fromthe servo control of the
substrat e @redss systene 4 ardibe ingriareractanysiderl 2syst em 14 to the servo
control of the substrate stage 1 performed by the interferomneter
system 14 wi | | Héegesitonabethtionshep beyweenahe mepsireanans ar9a pethé &rirad 48 (or
preprocessing for the connection process at each control clock (CS).
At t he neabalfdradid)cndde illdMBinatidrheeccPR b Gk capparedighSED inltBaoenrtinais
both the output signal of the encoder system 14 and the output signal
of the i nt@skar@IERiRdisasiEEnd2s defined by Ne ehfiRiecdBiciol4 (of ek (CS) in
the area NA, the control apparatus 9 obtains the positional

coor di nat asitetfésombier FoterRfi 2, MBichUPRIAL Bork h 3&Bnd vk, Fhiexhasgles Bf the
measurenent result of the encoder system 14, and obtains the

posi ti onal ,jaRRh Rl Eded Jbove, the m%atlglfl A BUPsEHAE t&tf@ﬂ?%n]mﬁfér
the basis of the measurenent result of t e interferoneter system 12

In additi o) I e
bet ween t ugB50rd FORE Ptk BRER) Ao P BRI ES Aot 3@‘{%@%*@ B, |
addi tion, trol par at us 9.d ve differenti
aver age. MORTR(R D/Re gRREGALES Sefil 6 reor%sfﬂf B Bk Re R e e
of clocks |n t.he are ch is sto ordlna set O.
20 When ¢ HebsERoRAT L e sionteie LB e SRS SRS e ¢ he
servo control_ of the sub a age .1 usi the positiqn coordj nate
(X, V1 OZ)IHWHFW#%SW%%ML@WG%% s e %?SCE orelimquatics poribe tealeu ¢
of the encoder stem 14, The control aratus 9 perforns the
connect i orfn?fﬁ"e‘f‘é ds disersediph BiE ancagHpraent iafreg 05F119c 51413@%1‘% KeeahtDabe
system 14 to the interferonmeter system 12. For exanple, at a 122
second corfondl apparels Srchedeienning the sppsiic anda Thaen hn swserate Hithevrhith af s
assuned to be abnormal, and the switching fromthe encoder system 14
t o t he i ntlesst panef the ilbyshation bRai(rogstemada)tPR dfehecenposwel lighttELais
timng of a first clock imediately before the second control clock.
In this caserlapgedt he second control clock, the control apparatus 9
adds the

15 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

20  Dbased 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

25  driving of the substrate stage 1 by the second drive system 5 in the middle of the



5coordinate offset O, which is stored at the first control clock

i nmedi ately before the second control clock, to the positional
coordinates (X, Y, OZ') of the substrate stage 1, which is obtained
on the basis of the nmeasurenent result of the interferonmeter system
12, so that the positional coordinated1{X, Y, QZ') are matched with
the positional coordinates (X Y, OZ) of the substrate stage 1 which
i s obt ai neWayHng HPOHHS PEthe hat eea Bhhich inghdingrthe sresificaregTA 398 tehewbel
system 14 at the control clock (first control clock) imrediately

bef or e t hemedrriepatdiog therdsiving the kubsiie stagol by thelsecopd tpve syssor Yinthe es of
the interferoneter system 12 are set to be matched with the output
coor di nat esiddie dfhiee seamoupexpeyst enthd dhot Asa Jelsioclidieg thelspacdiic artbaTAut put
coordinates of the interferonmeter system 12 are set at the second
control clDgdkcoard,appirhs 9tphdomsahndrivinndi thé subkidak stagdEbp the gedond deivea
15 TA is scanned and exposed on the basis of the neasurenent

i nformet i ofystefn 3 iGhd Midald @TRRbATInSHPoATR d2he SRR ateh SEBhENding thet he
specific area TA, the control apparatus 9 perfornms the servo control

on the sub%t%&ﬁé Gred TAGE a Hiffrdn? c6REBHBAE Bomhd &fBLRbAd BBAIheGERMilighat €S
[(X, Y, ") +0] which are corrected by the coordinate offset 0.

When the fQLELG0MTRL LY 'e§sﬁlﬁ?gﬁﬁqin@nhé@%ciﬁ%%esﬂenber T2 in the

measur enent “20area o e encoder syStem'14 (each of the heads 48 and
49) in a state r h I Ll | _.conteol of t e 1
is performed invilt?l%g&ét#oflgigfe ?\ﬁléeedsf Eh %I(nélﬁglgr?%%egganﬁng%ﬁgégge c{)f?ﬁei Sf%%{ 4o
nmeasur ene val ue of the _encoder. te 4 he nt.rol apparatus
o ¢ ones. Lt s ntpie AR p ST oo Er R e BB Bl o
of the substrate, sta 1 from.fthe surenment v e output frqgmthe
oncodcld oyt NA SHEP P e spe et Lo Rblve “bali e Bhepht SEoBHERBel
interferoneter system 12. In this enbodi nent, the output coordi nates
of the i ntieF hepemaingexpgrarecththespasific arse fAct dhatdy when ths shetreanthd of e
t he out put coordinates of the encoder _‘a/stem 14 inmmedi ately before

t he swi t chiuhgraterhisseqnaed andapxpasediby relpievely neviag ehe sTistiate staggdseth t he
control apparatus 9 obtains the 5positional information of the

subst r at e ssprgdo theanpodiee hehd EL., b cotieol pprmsatnehemirolsghaigecond drive system

5 in the first mode when the area NA is exposed. In addition, when the specific area TA
15  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 1s scanned and exposed.
In this embodiment, the measurement information of the encoder system 14 is
20  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

25  performs the scanning exposure on the area NA.



output fromthe interferoneter system 12. The control apparatus 9 can
perform (continue) the positional control (novenent control) of the
substrate stage 1 on the basis of the positional information. Next,

t he connection process (phase connecting process) of switching from

t he 10servo control of the substrate gtiage 1 performed by the
interferoneter system 12 to the servo control of the substrate stage
1 performed by tihadd@hendehisspodimeny when therdotpsertH pednclpdipg theanpl e,
at a fourth control clock, the specific area TA is assunmed to nove to
a posi t i onspacfic exce MAGp piangedaint lexpdsed, pheojoatvl apparaiue 4 sERthe Fheyogointtp ol
apparatus 9 is assuned to switch the servo control fromthe

i nt er f er onebeatantzyls icomitdh? viloe.t HEheenttod @ppatiisy S temolA(fat! back ¢dntrhl) the
control clock after the fourth control clock. The control apparatus 9
sets the odbgnddrbeaydén dtonshebasisoe iRNEQcaEmenstRMol thelentdtlgr §R@m 14
positional information [(X, Y, Q') +01 output fromthe

i nt er f &y onR{aqYerfodnsd REkchAniAk eXf¥sel oh e Mbf S84 sHs corrected and the
positional information of the encoder system 14. For

exanpl e, the pogfhoBdkr hAbGhTEE LABoRhehif BLRIbIARSIS RIReaturbMehine
XY plane 20(X axis, Y axis, and directions) 1s obtained using at

074
| eaSt th et ladsy o RS UTLAR 03 LIRS LS kb B IRTAR A1

) n coordi nate system

substrate i?%e\%%%%%ér%y&%ﬁ IrlE iisol.ﬂsg&i 9 t}tlehs% ocn%or}r%(%en@ltg ggntfq)l(appYa’ratuOsza Conérgrshe

measur emen g€ Neads can be theorerically expresse

foll ow ti t 10). 25C1_= - 1 - i nQZ + 1 -
cos02( 1) (aipeeoRiuebl e Corkydele ik 4 on g s i b rp camintedyisof g
COsQZ (g3 -Y) si.nQZ(10) The positional coordinates supplied
from tife it BYSETIREEYSEPsZem 12 are substituted for the

si mul t aneous equations (1A) to (1C. Solving the equations, the
As described above, the control apparatus 9 controls the second drive system 5

so as to drive the substrate stage 1 on the basis of the measurement information of the
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

15  information of the interferometer systemn 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.

20  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.

25 In this embodiment, the control apparatus 9 can switch the measurement



S5nmeasurenent values to be output fromthree heads are cal cul at ed.
Therefore, the output coordinates of the encoder system 14 can be
obt ai ned on the basis of the output coordinates of the interferoneter
system 12. The control apparatus 9 perfornms an initial setting on the
encoder system 14 using the obtained qupput coordi nates of the
encoder system 14. 10After the fifth control clock, the control

appar at us ofgraptioyised fardriymgvke wbsiratoitageyl frepe 0@%@@5@%6@9@8&#\?@44 and
Therefore, the output coordi nates of the encoder system 14 are set
bef ore t hetht irfterferaroeter sybteml 1@k theAfthaz systéne irf thé middoof scaining ocllexposieg
scanni ng exposure is perforned on the area NA, on the basis of the
measur enenthe siaft areadH afnhofubsthee Bncadeas empstimant] dhenlbAste thachanged dbm
above, according to this enbodinment, the foreign natter on the upper
surface oftht baesartehBRRSTA E2caaed O SlPbRE tetie YaieNgherd e GRdcHRdreN
system 13. In addition, according to this enbodinent, the driving of

the subst rod g ssiiRg@ald %bée@r 1 ool E{S;ﬁhra?t@sC@MtdﬂEé e neY Sk &R | S
controlled on the basis of the detection information of the detection

system 13 1'nﬂ)r fhl@orx{ns@&ik& dﬁﬁzm@%é‘éﬁb&ﬂu@é?g% ePXPAR kREnb e r SRS [2L8hE-

Ther ef or e, exanple, i'n consideration of the foreign matter on

the scal e Pﬁéﬁ)# g% ’systté}ﬁ 1597, QbinR doh Rl SEJP?%S%EB&E& Erro?lrtﬁ% 88¢ “%e{estge

changed, € p03| |on measur ement e °su ate stage

using the s nd t he al vement

cont rol ) osfpe‘flhaafea E& i agssxpf BER DB YSPEING Rr MG Fo ana
Therefore, acc % thls 41 ﬁ the 8{flon neas nt of
the subst raPesd; ﬁ%Paf%‘éS Dufhe g meas) orgatioy use G‘Pf Vitte
stage 1 can be erforneg_ln a state where the effect of the for?lgn
125 el orthy sobsl Ppriagsk OWH%FW%F%““‘P&SY?‘%‘“&%%F"Sleécctdér BB ¥ss M he
degradation in novenent performance of the substrate stage 1.

Ther ef or e, otstpnsdsy: @he the cortsn] nisle 4y ghanged S the dirst seadate ihﬁgecoaﬁ gode,

device error can be suppressed fromoccurring. In addition, according
to this enbedimehippagitysceswiteheyibe measyrement feymation wyed dor diving the
substrate stage 1 in the XY plane is neasured by the encoder system
14 whi ch bhsaabsteute 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
15  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

20  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

25  from the second mode to the first mode. In other words, a connection processing



good short-termstability regardi ng the nmeasurenent val ue, the

measur enent can be perfornmed with high accuracy while the effect of
air fluctuation is being suppressed. <Fourth Enbodi nent> Next, the
fourth enbodi ment will be described. In the description below, the 10
sanme or equival ent conponents as thosa2on the above-nentioned first
enbodi nent are designated by the sane reference nunerals, and the
descri pt i onansebedweenihe putpet copydpiaies joé thegncasier tysem 14 and the guipythe third
enbodi ment descri bed above, the control of the second drive systemb5
i s perf or nedrdimtdstoé the instfermoaer oystanh &2 basads tofliffeha thetdse pEtie awitehasg| t
of the encoder 15system 14, and the control of the second drive
system 5 o dieffastmectel to thehecamd aanid anid diahe ime bfthhawitshing frodaahe second
measurenent result of the interferoneter system 12. However, the
fourth enbgeidveme first abd, acteri zed in that the servo gain (gain
coefficient) wth respect to the neasurenent information of the

encoders syst em g ScrRANAGH, ih el HW8icHIBE HAFh BB AR mbAE10I8E fREnIRbYE a
system 5 can adjust (change) the servo gain (gain coefficient) 20

W th respegldifd %né@@ﬁ?&cﬁgﬁ?%ugeafiﬁﬁﬁﬁhitlﬂ:rblﬂ;ut E{)}gdfﬁﬁt%?gﬁﬁe system 14.

The control appar at us e servo gain int Irst node to a

bstanti al t : f '
St ant | bl e 2 48 A5 REESA TRy SHAI0) DR PRV ER o8
controls the S§Lvo gain in the second node to be smaller than the

servo gai nffTt'He first mode. That is, the control apparatus 259
controls the servo.gain in the specifigc area TA to ?e S hl er hhan
that in the ar eé)ni\rlh\QB er hpsg, ip the Sg‘ﬂtét‘mé ey PI.S"‘CIDWs FRfsto H% G WeR% 2 t he
servo gain in the second npde is set to zero. That i sf in the second
nmode, the HRRIPPBIAERE PIAsFBiTeses Shwhich theougnt eppedinaipsefdhy anpoda system
substantial |y unused. Therefore, in the specific area TA the servo
gai n beconksirg gt ysing fhetdyipst eqesdaataedfithe inferieramedes spyiem A @ed thempbasser vo
control of the substrate stage
information of the encoder system 14.
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
15  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 | 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
20  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.

25 When the shot area SH is scanned and exposed, a sampling clock (control clock)



51 performed by the second drive systemb5 is not carried out. The
control apparatus 9 can stop the servo control of the substrate stage
1. The control apparatus 9 does not carry out the servo control of
the substrate stage 1 perforned by the second drive system5 in the
specific area TAin the mddle of thejggcanni ng exposure of the shot
area SH including the specific area TA. 10l n this enbodi nent, the
control apjathapasitionat hengbef thheubstate stagal i+ dencreted atmr@deftﬁ:rcnmdea TA in
the m ddl e of the scanning exposure of the shot area SH including the
speci fi c ageaerafidu tifhing CHabd obangpipg chick $measmekest dldwk) Sertheomepgimementedf]
when the specific area TA passes through the projection area PR The
control appaembds s9stemtig (hrtieths Mitarfergadter sybtel 10pBRendrattd at dy®edetermined
measurenent information of the encoder system 14 to zero in a 15state
where t he g%a@ghgﬂﬁma{ e@asTA is not subjected to the scanni ng exposure,
and drives the substrate stage 1 without using the neasurenent

information of e BRCOARLHSYSHER dbordldites THRARLARM fosdsATR bk swcﬁthgven

in the specific area TAi1n the mddle of the scanning exposure of "the

shot area f%&@%&q'cﬂﬂtr&l tRREGd et d%@qg;ymdt Qi %ﬂéﬁﬁé?gyétélﬁ 14 1o the

measur ement ormat1on of the enco stem1

enbodi nents’er\}orzzo}‘ltrq ortr:g)e ﬁstrate stte?gr% SCer opnllerhquetﬁg ?eu e?on?%tﬁr s@f&el%ngrwlﬁﬁaga to

SH of the 'substra appar at’us Servo gal
a predete

d,v [ th [
aroa Na arfegTbo. leehcénga%@wr%{"é%?ﬁ%@wl <A T He LR R Proses
f t f th tem 14. W hanged f
the. st a 'J%%qhecopﬁ@eci“’Eﬁﬁh;@mmmaﬁﬁ& Ao oL e Dur
to the state where the 25scanni ng exposure of the specific area TA is

carri éd ounonitopebatlytheoyipupsignnl at the coroder systemd 4 219 thequirpd sigagl of ths
zero. In the mddle of the scanning exposure of the specific area TA
t he subst riatedemetys sistamyes wi t hout carrying out the servo control in
the state where the servo gain is zero. The servo gain returns to a
pr edet er mi ned valtde ashel dockt(6F kinithe ahaNge thefconmolahparains1® ebtaineths t he
scanni ng exposure is carried out on the area NAto the

positional coordinates (X, Y, 8Z) of the substrate stage 1 on the basis of the measurement

result of the encoder system 14, and obtains the positional coordinates (X°, Y’, 0Z) of
15  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, 8Z) and (X’, Y’, 62’). In addition, the control apparatus 9
derives a differential moving average MAx {(X, Y, 0Z)-(X’, Y’, 62’)} from the
predetermined number of clocks in the area NA, which is stored as a coordinate offset O.
20 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, 0Z) 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



5 state where the scanning exposure is carried out on the specific
area TA. Thereafter, in the mddle of the scanning exposure of the
area NA the substrate stage 1 is driven using the nmeasurenent
information of the encoder system 14. Al so in this enbodi nent,
the position nmeasurenent of the substrighe stage 1 and the positional
control of the substrate stage 1 can be perfornmed in a state where
t he eff ectset@uifconhel dignkeihgeuipnt dgnal disthe emodersysian 1Fheassfroedto bet i s
possi bl e to suppress the degradation in novenent perfornance of the
subst r at e shageal land Theervafcbing fromxthe sorodeesystom ldan theansdppomess exbtem din
occurring, and device error can be suppressed from occurring.
Further, iig atshined enoshigidus afthiging ef ¥ firsgélotk ingnaidtelly Gefosd the sddondver ,
the servo control may be carried out on the substrate stage 1 in a

state wher@nirBEcIS&L VI O dasd, St i€ becbfd ddntdECISER iHeRbnirdl abpRatapeaidsithe
area TA conpared with that in the area NA so as to suppress the

influence Ofdifife 5@LELOIRNIIRL 8red RURL BRE conltBl £15& iARVEEATH BLRNRE
third and fourth enbodi nents, unlike the exposure sequence SA a

dedi cat ed e (detectio e (o] 4 { i
detecti on TR TR AR SRR (O O DERE SR SR .
detection 20 operatiaon of the fareign matter, far, exanple, in the
exposure s®ygR E@é’ta@? qu()c l%@?ﬁr%ﬁ?,m%ﬁ‘érﬁmﬁmﬁwté? fl'teym(?%gpﬂ’éteé ST Les
P are sequentially subjected to the exposure operation, the detection
oper at i on ®fthatile pasitiongropginates (KarY ’b@b@rﬁm&t%@wﬁhﬁhwwn@l to at

| east a part of the exposure operation, using the detection system 13
for each idvoalivads (el @) ob theesubatsatesstagad ngiéclofs obfamed ob sliertaisie oPthen t he
substrate stage 1, that is, each tinme one sheet of 25the substrate P

i's subject gehshiRmchEre QENTIRY E1cORLERAkdn®N4 ad the EdHS] E88€(firitRofedl @lock] to
the 128 exposure operation, the detection operation of the foreign

matter nayRdiRay 6&tbld tRsd@biid QArbh@o&Nt Mhere®d, iRCARf cbiBinaGabethe
menber T2. That is, in parallel to the exposure operation, the

det ect1 0N QRACALIRD sfherh 2 aleQE A U0 RIS Gvith Shcliiie £6ribieOB e Bobierf
t he scal e nenber ,and the detection operation of the foreign
matter on E'tgmrlgfna&\@'dg&ribed above, the output coordinates of the interferometer system 12
p
are set at the second control clock and, after the second control clock, the specific area
15 TAis scanned and exposed on the basis of the measurement information of the
interferometer system [2. 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
20  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



5 portion of the scale nenber T2 may be carried out in a period of
time other than the exposure operation in the exposure sequence, or
in a period of tinme in the above-nentioned foreign matter processing
sequence. In addition, the timng of the detection operation of the
foreign matter is not limted to each pBnme one sheet of the substrate
P is subjected to the exposure operation. The detection operation may
be 10 per f oeaspmgnt wdetoure demeherintsteremeter sysiemrhZal [n discimbadineas the
time a predeterm ned nunber of the substrates P are subjected to the
exposur e omepwicbadinaes ofthe nt¢rferemetepsysdet rar o@ckctedye a$ mpsesnue to the

In addition, in the above-nentioned third and fourth enbodi nents, the
upper sur f aggut@boriinates eaihe en@dbEIysitA Pdssrdiatdly befgle thdevidingct i on
area AF of the detection 15system 13 during the substrate stage 1

noves fronthdi&ofel whén b b%icrf@te@eaemmﬂg@emﬁé &dn@01 £pparatud oldbaiXROSUr €
position EP and during the substrate stage 1 noves fromthe exposure

posi tion ERiRnhiNRisRARADS S biiAtSs it ANANAC AR ihORediemedANRS OF €,
t he detection operation of the foreign natter on the upper surface of

e sot © SRARHopl s SRATREBE SRERDG. | ok Bt Hllsfaclo O el e

substrate st rtion, in the above-rention and

fourth enbodi.nen when the substrate P hel d.on t e
1S G spo et B 200l B e At BtnrSh RLAD i BB YERe L3 fheped
system PL (\ghf’ach is the.illum nation area of the exposure |ight EL,

the posi ti Y&t P¥U[oei BPSRM et ween the projection optical system PL

and the detectiqQn system 13 is determ ned such that af |east a rt
of the scal e nedtsdh hexonaecpr Bocesy (Bifs FRANSHMEPERSETSHA %Ylg’glnﬂlfm&?&‘tehe
detection system 13. Therefore, the control apparatus 9 can 129
per f or i t hsr@earel of theowhstens Brgeds Perieemedbiethg HitsrEarerasteoTystemd 21 Hher
surface of the scale nenber T2 using the detection system13 in
paral | el tssriorreneslyd she whbeipés agedrpepformerkbisthp seqoderessyftem| 13 veilldiet i on,
in the above-nentioned third and fourth enbodi nents, when the
5subst r at edeReritelid Bor exhmpleud stfeathecantralgdodk, the spécsipoged T s astvaned to
detection area of the alignnent

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
15  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’, 8Z7) +0O] 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
20 (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, 92), 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).

25 Ci=-(p1—X)sinbZ + (q; - Y) cosbZ...... (1A)



system 15, the positional relationship between the alignnent system
15 and the detection system 13 is determ ned such that at |east a
part of the scale nenber T2 is disposed on the detection area AF of
the detection system 13. Therefore, the control apparatus 9 can
performthe detection operation of thgsforeign matter on the upper
surface of the scale 10menber T2 using the detection system 13 in
paral l el to the det-qplids@p2rayi o) odsoZhe. @Bjgnnent marks of the
substrate P. The detection operation of the foreign nmatter on

the upper surfage 0f, LRE 502 e yeRB8MeF2. (Qgte member T) can be
perfornmed in the exposure sequence SA I ncl uding the exposure

operation of the,substrate P, ln this ) t. I 0 tion
of the 15 forei Srr}ll © |I‘?1‘:5’1‘°f1ﬁloenraE ?%)§dlgetescse‘ilp Plilegg%élg{heélﬂgff%gﬁlgﬁ %)}r%%msg“ﬁrgce of
the scale nber ‘T2 in.o operation (per.i of, t he exposure
sequence. RO {dreh P leBE Bhulh FBH s P ne Sel e B RIS oy be
carried out on the entire surface of the scale nmber T2 in the other
peri ods (OPEASHICMERY) vades {he ‘é&%gfﬁﬁ’eth?ééﬁaéiﬁ G eiTagedh 1 BFRisHe the qpgput
detection operation of the foreign matter may be carried out on the
entire surdogednaigs of e eyeedessyty rbepptaingd gn she Rasigpf theouPkposur e
sequence SA and the above-nentioned foreign matter processing
sequence. coordinates|ofi theduietferometer higstegel 2 c t Thereonipd rapparans § perfrans fap indiign
matter is performed in the mddle of a predeterm ned operation before
t he exposuwesingpertiz dnoodeofysdne 14 ubhsg thabbtaed butpwhiootlinates ofithei emgoder
operation of the substrate stage 1 fromthe first substrate exchange
25posi ti onsykieth 140 t he exposure position EP and the detecting
operation of the alignnment of 130 the substrate P are included. \Wen

the fompei gn mat tagter ihe f@L@airAEIdcR, thBcont@ehgRtdndD PRt theRervb Bentrol
control apparatus 9 can change the control nbde of the substrate

stage 1 befahgeidd@er@¥ROULE PREERL, M2 oRipul AREHASE drakerRoddr Bystem 14
addition, for exanple, when the detection operation of the foreign

matter is g REREBLIMRAGER bkl Blodd! exdr derupsRRB SO RR Bidnfiy Of the

substrate P and the foreign matter i s detected by the detection
X

operation,, i)glsqlré:lg %E&%eﬁ%ﬁl%ﬁ%?x, @ﬂ{i&e $040gEnE &%as%perﬁ%eﬁlpfnf&ﬁ]qﬁ%lp& the
substrate s age In e m e o € exposure operation o e
substratetF. '”d%ddﬂtiﬁ21 the control apparatus 9 is connected to an
i nput appa QfNe ?ﬁy%ﬂa '

15 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,

20  for example, in consideration of the foreign matter on the scale member T2, the control
mode of the substrate stage I 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

25  control of the substrate stage 1 can be performed in a state where the effect of the foreign



10 which an operation signal can be input to the control apparatus 9.
For exanpl e, when an operator inputs an operation signal by the input
apparatus, the detection sequence nmay be perforned. Further, for
exanpl e, the input apparatus includes a keyboard, a touch panel, an
operation button, and the like. In addphgion, for exanple, when the
detection sequence is performed many tinmes 15at a predeterm ned

i nterval, mherdeteptcssod. oferefoicon isgfostible td orppregnthadegradatios ipmpfamane d
on a first area on the upper surface of the scale nmenber T2 in the

nt h det ectpepforragieente stRtraitiseige 11 NThérefofeNetpbyiin efdel @athe cuppaEias,
t he detection operation of the foreign matter may be perforned on a

second arQ%cﬂﬁnkhﬁﬁ@@ﬂ@ém§Mﬂ£ﬁ6@m§bnﬁﬂﬁfﬁﬁ@b@mﬂﬁ@per T2. In addition,
in the above-nentioned third and fourth enbodi nents, the foreign

20matter on the ypREfoS YedoifiRy H8niR bmbHEMRRASHELHE PbsiSdnabRf#massh &e
detected using the detection system 13. In addition, the driving of

t he neasur . C i f

ot ecton TEgupyRERAE: £nfAPXYGRNL bRl Bing BReolaSy e luhich has a
enmbodi nent, th rei gn..natter.on, the upper. surface of r ence
oo a4 S50 Port R A b nd Dg ARG Pl Bl ) 8L
the detection system 13. 25Further, i the.above-nentioned third and
oot erstorRr Wi high aed ey s phe diftet i AR RU G AT Pivs P S st - o
apparatus 9 neasures the positional information of the substrate

stage 1 in the XYouiuE@bedimee>t he encoder system 14, and at the same
time noves the upper surface of the substrate stage 1 (plate nenber
T) with respect Negt thefoush erbediment el badessfibedae I@%@é‘éﬁl@ﬂ%%%ﬁhqs
so as to performthe detection operation of 5the foreign matter on at
| east W pasameet eqiiealeny gempeignisas thoss inttheahsivermentienaddirstpmbadisneabarai ns
the position of the foreign matter in the XY plane on the basis of

t he det ectdesignated by theoiime tefertme memdrdse artd e desgsptam th@eafwilltbesimplified
measurenent result of the encoder system 14. Alternatively, it may be
confi gur edorsmdfied hat the control apparatus 9 neasures the positional
information of the substrate stage 1 in the XY plane using the

interferoneter 1Pgyshiciemeadiaad dédcribdiLab®adBhd doBoNdI\RSsetdirl diipeystem
surface of the substrate stage 1 (plate
5 is performed in the first mode on the basis of the measurement result of the encoder
15  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)
20  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

25 9 controls the servo gain in the specific area TA to be smaller than that in the area NA of



menber T) with respect to the detection area AF of the detection
system 13 so as to performthe detection operation of the foreign
matter on at |east a part of the upper surface of the plate nenber T,
and obtains the position of the foreign matter in the XY plane on the
basis of the detection result of the filgeus detection system 13 and

t he 15nmeasurenent result of the interferoneter system12. Further, in
t he above-thepshdtewedh: hiln thisgiebodinent.Hhestvaugamin the secprd medais sgttd edfohas
been nade such that the positional information of the substrate stage
1 whi ch i sTimtasiwrtbelsdoynd inedd, fteandasuremet tenfosyaicaml IR chsweosdtem 14 is
interferoneter unit 12B) is not used for the alignnment operation and
t he exposwubstapailatihoed of Thdieforubshe gleeifiP arda TA, theisalvy gasiddc@dsoerd he
calibration operation (that is, correction of the neasurenent val ue)
of the encoder gy &iEdmBolimd iR IR secdridendiB Y k& N® BéntdoNbOhERIHs ite blafet
is, at least one of five pieces of the positional information in the

X axi s,5 t hepeframbdhy thlQeddd dkitesyém RRGiot Hrikdowll Mt dofdd] pbarkfig 9
er

i nterferone system 12 may be ‘used for the alignnment operation and

t he expos i t ) i | e
encoder s;%? g%?ﬁ%&@&g@ﬁ?@%ﬁpﬁﬁﬁﬁg% h??\%(lglrt%t on os;ga(ﬁ?g nbf
substrate I } i I t | S,
and tho G e tub LR O EGINE e | DErehmed BE Sk oma e st
exposure operation.of t Ssubstrate P, anong a vari f the

measur emerit Vi Nt BPHEE AEA B0 eem‘udﬁ{eeoﬁ‘%*rs&h%lﬂ’%r""‘BS’/%“{%%%%‘%?ﬁe%S{f‘he
positional, information.re ing a direction, for exanple, the OX
direction ﬂﬂélﬂgﬁﬁﬂecﬁﬁ’c ‘H?fﬁ‘gti on, which is different fromthe 5
measurenent directions (X axis, Y axis, and OZ directions) of the
posi til¥hal i nf oS BrPAgimenkdhe st g{péragrtsa?g%laqgeég{eépwg(gaﬁynmﬁ:e
encoder system 14 may be used. Alternatively, the positional

i nf or mat i cicibgaiediTAgn theaniddle oF the sernningieaposure of she shebagea P énchydingbe X
axis, Y axis, and OZ directions) simlar to the neasurenent direction
of the encpdafic sipsTam The eyrobepparsibn.9 hakea thti seivorgaintshalliwhes itheespesific er
system 12 nmay neasure the positional 10 information of the Z

di r ect i on anda Thpassashisbnglt e ptagpeiod areh RRt hiTse cas®) apgpastypdsietsi tbagirvo
information in the Z axis direction may be used for the alignnent
oper at i on @idwithespxposht Meafushaiht dforofatibhel theibRbdats@stéin 14 to zero in a
Further, in the above-nentioned first to fourth enbodi nents, the

forei g5 Mmakdiewhis tdabedtietreO RS AdSuIGaIEd 1© thiPReMniStEipasife, ahd HAfesIBal €
menber by the detection system but 15 the inventionis not limted

thereto. Tshsstiaeyseé%gn WilduehsikBite BRaf#8IRG Gfordnki¥n 6Ntha eR@ktr Qtehn@.
upper surface of the scale nenber. In this case, a part of the scale

member on HsGRbRR (00 Gl Gfeith iR spURACEEL PR i fhe GIIL BANOWanhAAE! Udes

at least a range on which the encoder beamis i1llumnated 1 n the

exposure Se?cﬂ:%'s%?ecgf'the shot area SH including the specific area TA without using the
measurement information of the encoder system 14.

20 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

25  scanning exposure of the specific area TA is carried out, the control apparatus 9 sets the



Further, in each enbodi nent described above, the scale nenber T2 is
formed by 20 two sheets of the plate-like nenbers 30A and 30B, but
the invention is not limted thereto. The scal e nenber T2 may be
configured of one sheet of the plate-like nmenber and the diffraction
grating may be formed directly on thejgpper surface of the plate-Ilike
menber. In addition, the diffraction grating is fornmed on the upper
surface of servpegagiciglzerone Mbthe middld ohthp seanaimgieyposiieri e sprafic axampl de
thin film is provided on the upper 133 surface of the scal e nenber
S0 as to tsuhsteme ttagehlemmeastitheneatrylngght the fertyi eortmd thsthd 8ate 48¥re I8 B,
and 49, so that the diffraction grating nmay be suppressed from
damage. | nseaddiain i9Rerol NFThe silvdgaid enfrhgiara pieletdmined bslue ahen stages 1
such that the scale nmenber T2 is attachable thereto or detachabl e

t her ef r om cHah@dSts tHedta Whet the@bBihning@xpésateds BRABE butAYhOhea NA to the
integrally forned. That is, the diffraction grating may be directly

formed pn @i LBa3thSscRMihg Mpokhie istalillont &1 BE Rifk- ardalFA. NeFherdafted I S
enbodi nent, the scale neﬁ%er T2 is disposed on the substrate stage 1,

dth .
an € e%@ﬁ&qlgggp%aﬁgaﬁgggﬁﬁﬁ%ﬂ %re%c‘r@&,ethé*ﬁl%@ﬁélte Itgﬁfﬂgrggﬁ%h'sﬁﬁgs

t he position e substrate stage 1,

i nventi on s ot LA 1,80 1.06E 6f e AQSLMLAE o The substrate stage L
e di t ¢

t he scal e nenper i1ncluding ractron grating can al so be

di sposed on the asuy.enent ..st 2. .The encoder system 14 can
nmeasure the pos iﬁqf?oolﬁééls FWE%?‘W&%?% pSTItl?rh@e?Fﬁﬁ?g}fpﬁ?%ﬁ? S“?F‘é%%“igﬁ h™%he
XY pl ane using . the scal e nber. The control aratus 9 can erate
t he secondt%ﬂP Sgenal contrp] %H{E%S“?’ﬁtéa‘%%{égesl G bﬂ?&‘% df éﬁté‘mwbeé%‘?j‘gﬁ Bt

t he encoder system 14 and the detection result of the detection_ .
15syst ¥in 198 theieerigmmager s surpresehos T harefRis: it dopfissible @ funprrss the degrpdationt
stage 2. In addition, the detection system 13 can detect the foreign
mat t er on inmeoveppeipesigrmpace obthe swhstrate glage ke nberefogsi etposuse ereFeB e on
the nmeasurenent stage. In addition, in the above-nentioned first and
second enbwdpwsad fom dvensingl ad devibesrrafcan hesuppesieddroanoccytrtiige can be
cl eaned using the cleaning apparatus such as the inmersion nenber 11.

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

15  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

20  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

25  the substrate P is subjected to the exposure operation. In this case, in parallel to the



20 Furthernore, an operator can maintain the scale nenber of the
measur enent stage by w thdraw ng the neasurenent stage fromthe
exposure apparatus EX. On the other hand, in the above-nentioned
third and fourth enbodi nents, the driving of the substrate stage 1
usi ng the second drive system5 can bgagontroll ed on the basis of the
detection information of the detection system 13. 25In addition, the
scal e nmenbsxposure bprtativg, thi dedcticnregpetatiom oftha fareign omticrahagondd de cargdd out

di sposed on the nmask stage 3. By disposing the encoder stage which
can neasureén thhentye ahifaceefitherscade spmbedlDn Thaeis,tapkraitlag eheIxpddose mask
encoder system can neasure the positional information of the mask
stage 3 i nogehgioXhe i&bRioSbagtid6f theRk@gRBtG s CHrSR0SA dn @Pait BLhEBSK
stage 3. In addition, a detection systemcan be provided which 5can

measure t hé%aEQ&!rﬁHe?'T@' an'd'?ﬁ&c[e‘?%hb&@pé?énotnhﬁ tRablefnmAtRF Bh 08 remhihage of
the mask M Then, using the detection system the foreign matter

di sposed ?ﬁ'bé{é&;g?ﬂﬁez %a&trﬂaﬁbéf’ T%%hares HERaehEH.a Pperipd of (HE LHBES thad e €aCh

enbodi men above cription h een made as an

exanpl e in rﬁ)egﬂg bR R RRS éeéue%l:é%?ﬁh&e%dto?ﬁm%%ﬁ%r ate stage

(neasurene S ‘a novi ng ody, t he

encoder system.is d| osed on a position (u rtio

Substr at o BPEE BT HaMeR R0E B et PE ik St Bl B p B B’ Gubsc i on
of the each enbodi nent described above can.b li.ed to an osure
appar at us FHPEHAR BRI Gl OB En PR RIS L8] A ERh [TGe aPe et B t ho
substrate stage, and the scale nenber (grid plate) is disposed on a
posi ti on (%‘bﬁéﬁ‘e Birsubiseedio he eXnogye PP%TP%OrﬂS;t%é&%‘?Cttoé opgiaton Bay head as
di sclosed in the specification of the US Patent Application Laid-Open
Publ i ckt i arerfeoned@@achoredetaginettitigne intgrva, lsucheasieachyiipg p geedetemaned
detecti on system which can detect the positional information of the
surface ofnuniter elths sutmtrateh2 hug subjettektogdhbetpositre oparafism, opgadh time af or ei gn
matter on the upper surface of the encoder system di sposed on the
subst r at e tdegremied tine ldgeect ed by the detection system In addition
in 20 the above-nentioned first and second enbodi nents, the upper
surface of the @naddiesn, hedhd asan-rhetiocheahzd aubiongh tMbodineads, thgupper
apparatus according to the detection result of the detection system

For exanpl firfagSoftiescaleardmhtizg T2 pRAEShtugh HRQIERABRYarbLAE O£ the @Btection
i mrer si on nenber which perfornms the cleaning using liquid, an air

suppl y152PPFERELUS diihE laaefga@stﬁ& dtd¥e A Ghd R0 RS the iRkt Lubs@st eidhnde RB4iidn @
vacuum apparat us whi ch has a suction 25port to absorb the air, and

the lTike. &p {Nfe QidGIre PaATn P arddfridD MeGuBERLY LY thiVek ?roﬂﬂﬂe

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.

20 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

25  detection area AF of the detection system 13. Therefore, the control apparatus 9 can



135 fourth enbodi ments, the driving of the substrate stage can be
controll ed according to the detection result of the detection system
Further, in each enbodi nent described above, the detection system
(focus leveling detection systen) 13 which can detect the positional
information of the surface 5of the subsytrate P is used to detect the
foreign matter. However, a detection systemdifferent fromthe

det ect i on my&tmnhe@tevtign beergionwaf tedorse gnt e tee rp Oswpperappadeatf the: €Xe as
|l ong as the foreign matter and the size thereof can be detected, so
that the faeRbgIT2®ingahe dasctibe sghdine 3 rpaballel toehdletpentre operaictoithe | n
addition, as the detection system 13, an inmagi ng schene nmay be

enpl oyed. gBkHid per, in each enbodi nent descri bed above, the
description has been nade as an exanple in that the defect of the

scal e menber is rf hesifio, 81 G abBel REnBULShird anbeuFtH 8m®SBIRnEBIRS the
However, even when the defect is a scar, the configuration of each

enbodi rent  deser H@q oARVE b GAR: é?sgean dhgg&qd oft ﬁletcféﬂtt:n&f(zﬂgas&frtﬁe 8 dnBlent

can be suppressed rom occurri ng, vice error can be suppresse

R AT S S A
. i cal
o, e A PR 008l TR

projection optical S i n.which the ath of a. light

i nci dent s‘?’ﬁ@etﬁﬁlﬁ?j‘léﬁ% Ptﬂg Oafrfge g‘?‘%l'"é‘)’“rs%s‘ed?g ftief%f eying ﬁor{t‘f?éali’ﬂg"fﬁﬁ‘ilsog s
di sclosed in the specification of US Patent 20 Application Laid- Open
Publ i cat i ofriRem ﬂm%seceszmsls%@on of the foreignimpgifer op fie@iaRe SBHHEHIL fericale

descri bed above, the liquid LQis water, but a liquid other than the
wat er Iy hembe dg. using thehdetgotigu pyptangl 3 ntparalle} tg\ikg daigciion Rparatigacot thequi d
be capable of transmitting the exposure |ight EL and has a reflective
i ndex as hilighmast mpoksofshesubatiade Ps st able with respect to the

phot osensitive filmwhich is forned on the 25projection optical
system or the suhtdeectiai dphatisnbiihe fireign hattereonahphpper asfact of the geala

LQ

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
15  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
forecign 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
20  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

25  position CP1 to the exposure position EP and the detecting operation of the alignment of



136 there may be enpl oyed hydro fluoro ether (HFE), perfluoro

pol yet her (PFPE), fonblin oil, cedarwood oil, or the like. In
addition, as the liquid LQ there may be enployed a liquid with a
reflective index of about 1.6 to 1.8. Further, the optical elenent
(final optical elenent, etc.) of the grgjection optical system PL
whi ch comes into contact wwth 5the liquid LQ may be forned of a

mat eri al othe vdtshte Phiee meloiet t iWken thelfoxeift matteiadqecesd ib tIes detearibne) i s
hi gher than that of quartz and fluorite. In addition, as the liquid

LQ a varigieyatioh, tht toni®] agparang>oedinlcRangs UpRaiafrblirh&R| offtﬂeuwﬁlstﬁaeystdgm
enpl oyed. In addition, for exanple, when the exposure |ight

EL is F2 |@s&e tﬂéeg;%sm.éJ;}ﬁrgﬁ%nlogg)@rsul},shg{gtp does not pass through the
wat er. Therefore, as the liquid LQ it is favorable 10that a liquid

be capabl e of t Q&cﬁh(&r} F1Qxhi ltsr\@hé: Zhd {I’eﬁ&:‘ﬁoh bﬁé?&tgggﬂthe% fatter is

fluorinated fluid such as per Iuoro pol yether™ (P or flUuorinated

ot ~can, be eﬁi’é%é’&/ £he fhale ddﬁhece‘%tiﬁsuréﬂqoefﬁoh%? th%%ﬁts%teb#‘&n;a tﬁé’f&é}ﬁ W tE

thellqwdp I'S su treatnent ormng t hi
fllmvvltha anln material, with.a

exanpl e, | 78R {3 Jec?edﬁ’ Shtehecih rsraine the SuiTo PO Bt Aapinize "
projection area PR aon which the ex osure EL is illumnated via
Phe pr o] ocomBR TBpts @ dte ShStniteee had el S RetaPeoB N ocus
area including the optical axis AXin the visual field of the

proj ect i or’uBBIACRI system PL. However, the exposure area may be an
on-focus area not including the optlcal AX simlar to a so-called
inline type ref leeddiyen thefcoaicaliapparalys ? srmopusskiddn am pubapppriafis éhropgh cal
axis and is provided with an optical system (reflection system or

r ef r acltli orwlsiyls areogeration slgnhlasn e piput @lthe gongbl apphilabsi olosexafmabewhemnd
forms an internediate inage at least 1 tine, as disclosed in the
speci f i catdnapeaforPphtd ant operagivn siped! bRt ihpea tpematid the2RG4H G0 Adnce may
In addition, in each enbodi mrent descri bed above, the illum nation
area | R arut p2bbhiredr Gufkdr] foneantie, B ihpu apheants deladsd Adagboad, havecha

rect angul ar shape, but the invention
panel, an operation button, and the like.
In addition, for example, when the detection sequence is performed many tirmes
15  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
20  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.

25 Further, in the above-mentioned third and fourth embodiments, it may be



137 is not limted thereto. For exanple, the shape may be an arcuate
shape, a trapezoid shape, or a parallel ogram I n each enbodi nment
descri bed above, the description has been nmade as an exanple of the
exposure apparatus which is provided with the projection optical
system5 PL. However, the invention nmgy;be applied to an exposure
apparatus and an exposure nethod in which the projection optical

syst em PL dosfigwtd sinhdhat Bhegontrblaipplratas @ measypesahe pasitamalipformationsofshe m
PL is not used, the exposure light is illum nated on the substrate
via an optsubgtate/@4pearin ShCKY P%and ubi@f the eatsllet HBtel B afd ANhSPRARAIMES
formed between the optical nmenber and the substrate. 10Further, in

each enbodjsRrRthedSper dubBet SHIBY QibsttAEsBRSCHlAM neMbAAS AREEsFRAS tiRs an

exanple in that the exposure apparatus EX is the imrersion exposure

appar at us. gAY s AP IRIRSHSFLARRALALUS IIBHER B diokiBX BRI of

appar at us or exposing the substrate P wi thout passing through the

|1 quid. 'Iggﬂo%rgﬁ Hﬂtt%ﬂd?l a‘?i’e&%\ﬁm%‘?‘t beAGHEL é%‘?ﬁ’ef;g}?@‘ﬁ?emb%? Agposure

appar at us e an exposur appar at us exposi ng the
substrate Pu3| extr ultravio {yg& % U\eQ i
band. - obt PRap ol bR o phE Mk Saf e St
descri bed abov lgeeTEU(Fare is.applied a conduct or
manuf act ur'f 03 ‘E?dz}?ffﬁE?rg?ysﬁgwg’caé‘ tg‘%ﬂe?greﬁﬁp re\é@t %rﬂ@ﬁ %Pécgder system
substrate for a di spl.ay device, .a ceramc wafer for a thin-film
magnetic HdadA féﬂ@@ﬁ%kt MEeRe FWFiZeed sesh bl theronisplAPRITAYs 9 gheagies the
ori gi nal plate gsynthetlc uartz, silicon wafer) of a reticle.
As the expmesiieealapfprraiion st subvrgieciiage d 18 kY plneRYes e dtefianaens
(scanni ng stepper) in a step-and-scan scheme in which the mask M and
t he sulbst rsastemA2aang a thechme timeavoven therpyaduffage of thermibsigteastiaged(platd ng
a pattern of the mask M a projection 25exposure apparatus (stepper)
in a step-m¢bar8pedth rephbea e thealptebidonoared ABdf tha dethiton 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 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

20  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 8X, 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

25  measures the positional information of the substrate stage 1 in three directions of the X



138 pattern of the mask Mis collectively exposed in a state where
the mask M and the substrate P are stopped, and sequentially
step-noves the substrate P. Also in the case where the exposure
apparatus EX is a stepper, the position of the stage hol ding the
substrate is neasured by the encoder, 139 that the neasurenent error
due to the air 5fluctuation is suppressed fromoccurring, and the
posi t i onal axinriterdhxinfand the 68t digetiomn Beenparthe eligndheni ¢ferdtioghndtheur acy.
Furthernore, on exposing in the step-and-repeat schenme, a first
pattern ofexpofigeloiedionBagR sibiralep, binafs4 edre@tofahe mb&ufdilal nddrafon of
using the projection optical systemin a state where the first

pattern ange thgrpohaty St@mA 2260y Hehokiabhdl ltbimatibe PRflind@FRabd, $6r
10 a second pattern of "the reduced i mage may be partlaﬁiy overlapped

with the f p n a state
where the %%c%kzﬁk¥§§£“%§&pgu%ﬁe sdﬁhlggbquﬁgigﬁsu stantla%

st oppe so t hat th r educ e may, ol.l ectjvel d on the
SUbGt T o PEPEBEBUTIGE ARl £ St A et @ e e EERCREmSor
addition, the exposure apparatus in the stitch schene may be

i mpl ement e tgssulpiraispiageul etaipgsbathe snqofergystentldpoayhg-used- t ﬁte@@ﬁé% in
which at |east two patterns are partially overlapped with each other
on the subbe pesitionpl iafrdmetiposeatding it ditectienslfbnatiatas leastioge gbthadnaxial vy
noves. In addition, the invention rmay be applied to the

exposur e appa kst 5 dirsrtinds) Gimitan thre slcajuddrienk diseciibe oS thaehesezetemn 4t he
substrate via the projection optical system and one shot area is

tw ce expaggahalsB®stinaliditibe BeiierfeldiRR Xy ROR 13 G PhdAGurE XRQMiiBnal S
20di scl osed 1 n the specification of US Patent No. 6,611, 316. In

addi tign, 1hﬁ?mht‘il§ﬁedﬁtl'1é32‘dﬂ@e)ﬁoi?%f%B@Lﬁsﬁgtets%oéllprR%hi@c&éé BXROSHESL
appar at us and a mrror projection-aligner. In addition, the

| nventi on gﬁ%dmw tnhHE’Ae'folE ﬁuéc'ﬁ%n fﬁé@%g%e‘ﬁ fé‘lptﬂé‘ﬁg%&ﬁ?ent g%c?%fo\ﬂ‘a d fleage

type provi ura strate st I'sclosed in

t he speC|f|c tion 6, 341, 007, the specification of US
Pat ent No.%"8" %ﬁﬁqf%T°H§ﬁﬁﬁf§g%3§&)lcatlon of US Patent No. 6, 549, 269,

the specificati %nrtl(n)gr 1g%epa%ove-merl}{o oneg ‘ﬁrs%?d t%uﬁh embodiments, the foreign matter

is detected over the entire upper surface of the scale member by the detection system, but
15  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
20 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



139 the specification of US Patent No. 6,208,407, and the
specification of US Patent No. 6,262, 796. In addition, the

i nvention may be applied to the exposure apparatus provided with a
plurality of the substrate stages and the neasurenent stages. In
addition, the 5invention nay be appligd3to the exposure apparatus
including only one substrate stage. As for the kind of the exposure
appar at us, suifiacd of thoscalei mérhles s¢ es Hmnanp dsumensappantdighsoff ibe heads 43, 43A,
manuf act uri ng sem conduct or el enents whi ch exposes sem conduct or

el ement paddB:und49no thaethe difftctamerRingMoyeeanppredsed Bxpalamage. agpar at us
may be widely inplenmented al so as an exposure apparatus for

manuf act uridagioh] @stest ercpsti@lringlle®bitfatddtagtOidiusPpiay e s@ile @8maer T2 is
exposure apparatus for nmanufacturing thin-film heads, imaging

el ement s (£eeB)abldth&ER JFRSHENBR, thdVEMm, (RNGHERAD Stagd Biditkd RSl IMBBREKS -
In addition, in each enbodi nent descri bed above, an ArF exciner |ayer

may be susegl 386 rdrh@B! PRIEC heAPBALRINUR at R m AARIREANBrAE o N RET

| aser I'ight as the exposure [ight EL Alternatively, for exanple, as

the |ight %Ea%ﬁ%%%aq%ggge @ high frequency 15 generating apparatus

may be use Inclu a solid laser |light source such as a DFB

sem conduct or | or fiber. |aser, an q ic{aj. lifier. a
wavel engt h convﬁﬁé‘?’, méﬁla “8u %W@t aeﬁfﬂ Sec |th Iﬁﬁgﬁosgdﬁ/g\tlhéal Slelﬁ%'fa Y of
193 nm as disclosed in . the s ification of US Fa nt .No. 7 0@3,610.
Fur ther , -1 WREBdcR LD R BBa2 P BEa BB 69T PRAPE Ta48d BREHHEY ¢ he
optical 20 transm ssion %E@ mask in which a predeterm Ped L i %ht
bl ocki ng gsttieps 1gigrmafion spBtRats StAge P nbtt SRR TPy & 104 fimdpd, ihepedo.
formed on the light transmttable substrate. However, instead of the
mask, her@miaytoske sbsimtastose . A1 seale stembepinaldins (igritfraction gipidng can
referred to as an el ectronic mask, an active nmask, or an inage
gener at or )aljabewhispobedaont thayms ruzasienhstpeet 2 e rlhe gncagler syblemchdi aon nipasire e,
or alight emtting pattern is forned on the basis of 25electronic
data of a peattivealinfbonizenef fesedsurasedistgt @setheiXY plee syperthe fadet | on of
US Patent 140
member. The control apparatus 9 can operate the second drive system 5 on the basis of
the measurement resuit of the encoder system 14 and the detection result of the detection
15  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.
20  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.

25 In addition, the scale member including the diffraction grating can also be



No. 6,778,257. The variable form ng mask includes a kind of DWVD
(digital Mcro-mnor Device) which is a non-em ssive inmage display

el ement (spatial light nodulator). In addition, as the variable
formng mask, it is not limted to the DVMD, but instead of the DVD, a
non-em ssi ve i mage di splay el ement nayszbhe used as descri bed 5bel ow.
Here, the non-em ssive inmage display elenent is an el enent for

spati al | y dispebaddatn thg mask stagsl 3. t jedifposing thei onedder stagsrakieh caoy measgredhee of
pol ari zation of the light traveling in a predeterm ned direction. As
t he transndcslsinembiey piepspddn dle rhdsk btagahdhd ambdrencader efseni can mdusaaitie:

di splay (ECD) can be exenplified besides the transm ssion type liquid
crystal digsphidpai(hicBhatiohdf @ddhiskenge 3sn thBXY Ghheatingahe §oRanapisd: i al

| i ght nodul ator, other 10than the above-nentioned DVD, a reflection

M rror arr@yposd drthé Bfabit Qfkeld Pan hiditib aGE¥StA! systbnRhAYe SlofiBd lvhichN
el ectro phonetic display (EPD), an el ectronic paper (or electronic

11008 L kbl B S S SRR SRR ik,
non e ! TS USBLA S ANSAL rDRALAST Al LT, ARRALAL e e

provi ded. (L?necéegi s case, the illum nance systemis not necessary.
Here, as t K 1 f-1um nescent type inage display el enent, for

exanple, a CRT ﬁ:Ca hode Ray Tube), .an _.jnorganic EL display, an
organi ¢ EL di spPIJITCReEt AT CRTHbEERETE ik fepse el hidfed frgce a
di splay, an LD di spl ag, a field em ssion_display (FED), a plasna
di spl ay paerappepy thagihg s¢almemper 13 dispased onds splpfipteistege (PeAsYFEER; on,
as the self-lum nescent type inmage display elenent provided with the
pat t erl® f cttageand megkattagel which isemoging bgéy, thequeedsr gtitem Kaispaggdan a
plurality of lum nous points, a solid light source chip array in
whi ch a plpesitibh (yppef pastierpel the enbairate plgesd ¢ facathe aealamemherpe Hogeve, the ght
source including one sheet of substrate in which a plurality of
| um nescenfonfigurais afitie gch dmbed mestydeberibag elchve Byn et gpplied twadnl exposure
controlling the solid Iight 25source, a pattern may be forned.
Further, tdppara@b irdwhich e adiolie edceot®lystamys diepokddlon the sganhe stge, and
organic. In addition, the invention may al so be applied to the
exposur e apPaaRitémber (grid plate) is disposed on a position (upper portion of the substrate
15  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
20 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

25  port to absorb the air, and the like. On the other hand, in the above-mentioned third and



(l'i thography system) which exposes the |ine-and-space pattern on the
substrate P by formng an interference fringe on the substrate P, as
di sclosed in the specification of PCT 5lnternational Publication No.
2001- 035168. As descri bed above, the exposure apparatus is
manuf actured by assenbling various kinds of sub systens including the
respective conponents so as to secure nechanical accuracy, electrica
accur acy, famdh ehbrdiments,gbedimacyof thasubsigdee stage e darcenttdiled ecopatingieshe

ki nds of accuracy, before and after the assenbling, there are carried
out the 1Ckghctieh resit off the detedrioaysugnt he chem cal accuracy on various
ki nds of chem cal systens, the adjustment for achieving the

mechani cal acculFagNerOin edéH drtbidlidiént dssclbed @ MhCdkecE s {8 ¥ (fédad t he
adj ustment for achieving the electrical accuracy on various kinds of

el ectri cal ¥k aPRetioh§sB8$ B3TRhich GarPlRse tHa R sifib RNidfBgna¥idh bPe se¥de
systens to the exposuré apparatus includes nechanical connecting,

connectd n I b G U J Al c i I
Clgl NG, ehLGbE ke g %s dﬁ%%#eosqe}’écﬁthégéé}‘?lgh BQeer. %%g%-l ggegtévgr%g QRLdne

circuits via plpes, I ke. re the asse cedure

fr oM t NS eyBEN S e MRcfin SUBRMSAAMTR: 8yihlLx PABHLS. ARAARRIE,s | ¢

is a mtter course e asse g proce

t b i ed t. Aft | et i th [ d f
hese™ op L UREPibe et Spa ST ThiRt 08 BRSEEE N PO RERGSERESY o
carried out, and various kinds of accuracy .are secured as the
exposure D% éftcﬁ’g.byliﬁ‘? feiesHon FYFE g Bﬁg%‘f‘ﬁ‘?’iaﬁ eeleLion YRIGESFy &

apparatus is preferably carried out in a clean roomin which the
t enper at urlB2gRa seheaipdysts eaplosiinaged. As shown in FIG 20, a
m cro device such as a semn conductor device is nmanufactured through
Step 201 in whi Ehrthaginiaepdrsnbodimgne deseribrimbeve the description bashepn srdapse
designed, Step 202 in which the mask (reticle) is manufactured on the
basi s of tdnex2Bpledn gt kit dplectSt dp s2@8 miembahis dlie fareigriowatres ewisfing on the
manuf actured as a base material of the 142 device, Step 204 in which
t he subst rsaile niesabpr. odasswer, byenavieu st defdceisprsomeds coiEfiqmosion ef 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 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
20  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

25  projection optical system or the surface of the substrate. For example, as the liquid LQ,



process) including the exposure of the substrate with the exposure

i ght using a mask pattern according to the above-nentioned

enbodi nents and t he devel opi ng of the exposed substrate, Step 205 in
whi ch the device is assenbled (including the machi ning 5process such
as dicing procedure, bonding procedurgggpackagi ng procedure, etc.),
Step 206 for testing, and the Ilike. Further, in each enbodi nent
descri bed theewsy Helrerpbeyedhydro fisiorvesthds €HPED penflugroget yethei (RFPE),|Ifomblin
addition, all of the docunents and the disclosures of US Patents

rel ating tdl, cbdanesqaoslbethapigar alnwdditioh.ed theligaathQ ahtre diaybe ternditged a
nodi fi ed exanple are adopted in 10the invention so as to formpart of
t hi s docungfuid witd 4 3effebtNd\irdex of aboutll.6 BN . & X FRASHEELHS PPEdaREld e Ttigdl

exposes an object with exposure |ight, conprising: a noving
body whi c f‘bﬂﬁ@h@&rﬁéﬁ? eRD) SFite ﬁaﬁcﬁoﬁl &p@a@ﬁlgyﬁerﬁprWémme@ iffo contact with
predeterm ned plane, and in which a'scale nenber including a grating

is di spos @gy% %?hwmﬁ

systen?ﬁa&?%gwgdﬁﬁgﬂ %E?ﬁg&gapa ?ﬁ%ﬁé acin gggggﬁ§m§@%ger é 16
measures po (o} t

pr edet er mOr{é.ll‘clor‘!ff))llggghélnti]%{e[?{gt cif%o%r?%%/ng{}g]r%ﬁp grg (gﬁ)g%é A n§e| gn ‘fatter
on a surface of e s nber | eani ng. a s which is
capabl e ofagﬁgéﬁ&W5m ﬁ%°§@§1 HB&F%' “mgbegga& Ohitrol appar at us
whi ch i s capabl controllin the V|n h S of
neasurenentpinf$FW¥¥V%h‘HFXPH@g f§§g¥éﬁﬂahaﬁéﬁﬁﬁh Fene

cl eaning operation and change of a control node of  the_novin dy,
wher ei n t Haseg bglttdsps %ﬁa%saleregglp@ﬁ P3iEs Th?éefeqee%ﬁﬁh%lgq%%éﬁattﬂ%%V%fﬁ'det he

change of the control node when the detection system detects foreign
mat t erlOnhi thaf 4liguishhe captdpeiipnemiting ogheRplaspnfight. For example, fluorinated

fluid such as perfluoro polyether (PFPE} or flucrinated oil can be employed. In this
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 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

20  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

25  the projection area PR have been described to have a rectangular shape, but the invention



2. The exposure apparatus according to claim1, wherein the
foreign matter which is not acceptable in the exposure includes
foreign matter which renders neasurenent information obtained by the
encoder system unusable in control of the noving body. 3. The
exposure apparatus according to clai miyor 2, wherein the

cl eaning operation is perfornmed when detection information of foreign
mat t er whiis hof lgnitest theretoe pFadxemple, tha ehapr poybean eruetledbapena wapse@tlabl e
val ue, 144 and wherein the change of the control node is
per f or med shhgs) ot hpardidtlemamon i nformation is equal to or less than an
accept abl e val ue. 4. The exposure apparatus according to claim
3, wher ei I 8 cdBbeBichOfestiitedrabBiid, fa desteibticiekasibeéma®d 4s@n of an
occupation area of foreign natter per unit area. 5. The exposure

appar at us &amplechf gt éx@oﬁ?é/aﬁfjﬂﬁuﬁfwfﬁé}ﬁ's PRovidet Yvith the projecti§piRhINyétbA
measur enent system i ncludes an interferoneter system which nmeasures

posi ti gnalpr.nfighRkL it lﬂvenhr}fnﬂggg A58 ar Ekgblife BRARIChTREEboRhANe.

ereln the contro pabl e "of changi n
the encoadr- BRI B pliectba $EALLR e%?f‘%fysiam i28. ”E‘Vén'*g%*%ﬂf#ﬁcﬂ o
exposure dP parat us to.an

di
conpri sin ection opgﬁgl swr P ?rgddﬁn%él e e V%Poere I%lhgg 1nate ?(%;nre r%lﬁsgtrata?n

i mrersi on space wth a |qqld i.n an Hterval W th a_P rnﬂge of 1he
scal e menbdfan optical member such as a lens, and the immersion space 1s formed between the

optical member and the substrate.

10 Further, in each embodiment described above, the description has been made as
an example in that the exposure apparatus EX is the immersion exposure apparatus.
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 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

20  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

25  exposure apparatus (stepper) in a step-and-repeat scheme may be applied in which the



wherein the cl eani ng apparatus includes the i mersion nmenber.

7. The exposure apparatus according to claim§6, wherein the

cl eani ng apparatus executes a rel ative novenent between the imersion
menber and the noving body in order to conme into contact with the
liquid in the i nmersion space and the jfigrei gn nmatter. 8. The
exposure apparatus according to claim6 or 7, wherein the

cl eani ng apamatfiibe magkavdscalleetiviehnepeiednin 8 gratsevtiere e dask Moanddhe i nt o
contact with the liquid in the i mrersion space and the foreign

mat t er. substratOP arEls@ppad) @sdiscguapiply sieprsnoaecthe ditsgate ®. anysoomtheahse
clainms 6 to 8, further 145 conprising: an optical nmenber which emts
t he exposuwkert ttglkposure apparatve B i8 atskPpdrihe pSsitivn ofeldeigefholdigg tha
optical path of the exposure |ight between the optical nenber and the

obj ect sO @bstbde Q%&@H@@Bfth@fenéo@éﬁh@&aﬁﬁe LRARE SN SRS to ik afrhe tine
of exposing the object, wth a liquid for exposure. 10. The

exposurse Waﬁbh‘% sﬁ?ﬁ@k@& ﬁ'gmtdacﬁ‘hﬂb M the position¥MaEHE1 B AR siagg?dfns’deo n
space to be formed at the time of cleaning the scal e menber

expanded f Hﬁ&i&ﬁﬁﬂw@%c%ﬁﬂﬁrs'on space to be forned at the tlne of

exposi ng t Ject exposure apparatus according to claim8

10,
\(/)\/II:II ch suppli es %ruﬁ%](arﬁllo IF, _Plé Fxgoglrn'%m g sﬂg And ) eaf‘]scﬁerm,g a% rB%aéﬁa‘H QL

{ ﬁgo?/?::]ﬁ| g“%all’gﬁahrlnggg I{la%( %\/tlegngfe?re I(l:]H'le substraEzeHusmg tLe Emr%_]etcgoen gpLH%Qll s\{llstglg of

in a state where the first pattern and the substrate P are substantially stopped. Thereafter,

10 asecond pattern of the reduced image may be partially overlapped with the first pattern
using the projection optical system in a state where the second pattern and the substrate P
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 apparatus in a

15  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

20  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

25  specification of US Patent No. 6,549,269, the specification of US Patent No. 6,590,634,



wherein the expansion of the i mersion space includes a decrease in
liquid recovery amount per unit tinme using the recovery port. 12. The
exposure apparatus according to claim8 or 10, wherei n the

i mrersi on menber includes a supply port which supplies a liquid for
form ng the i mrersion space, and a reqgyery port which recovers a

liquid in parallel to the supplying of the liquid, and wher ein
t he expansthospeofficatiom of iFfePaéns Nos . 20840'hehdithe speerfidation efdld® Patant Nqyui d
supply anount per unit tine using the recovery port. 13. The

exposur e appaE,#wus according to any one of clains 6 to 12, wherein
the imersion space is filled with a liquid for exposure at the tine
of the cl eani ng.In additickd the ThenexpPRE Y be a@Pipd tRthtl SxfAs e agpaagud prodddyd one

of clainms 6 to 13, 146 wherein the i nmersion space is filled
with a |iayila Emfamq} @ﬁﬁé Afbstriib btﬁgeslaﬁd mefrﬁ@rs@reﬁleﬁtrs&gk@ Ith aatilord, e
exposure, at the time of the cleaning. . The exposure apparat us

accor dishg : Udas
o eani g hPerfof iy M’cﬁéggplgdg? HOREP R dfifrabl ﬂmdau;‘gcumf&&%nbmte Pk

gas Is dissolved in water.

16. The exposure 38[0[?5 ?ﬁg%; ﬁ'n%;(egé&ish&qagkﬁ’rﬁ@ﬁt 13@1‘8}11%1& @ HE x%a&ﬂe 15,

wherein the |iqui ion ace an € novi ng y Vvibrate
or fluctuate I’t(al fvel g gx the Ll ct lte t W 1chexgo eS8 lZOndu&or
exposure appararus FEEGFdiNg ST 3 858 B‘Fnél FooLs:

wherein a naxi num val ue of _a relatjve nov eed between t

mer st on SEHILPAEHE B HESHE Pl Pen e r%ﬁpaaﬁéuwwe Fidelye
cleaning than that at the tinme of the exposure. The exposure
appar at us HPLRAAG LSS ANGERISEC SPPEIHS 10 mfmefact&@ng Jméﬁl giysiak gigments or
detection systemis capable of detecting information regarding at

| east lOne BIplayssirAs an grposyrs gRRaratihfer sapyiacturiphthir-fimbeady AMpGAS mat t er .

elements (CCD), micro machines, MEMS, DNA chips, reticles, or masks.

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 EI.. Alternatively, for example, as the light source apparatus, a high frequency

15  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

20  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

25  electronic data of a pattern to be exposed, as disclosed in the specification of US Patent



19. The exposure apparatus according to any one of clains 1 to 10,
and 18, wherein the detection systemis capable of detecting
positional information of a surface of an object which is held on the
novi ng body. 20. The exposure apparatus according to any one
of claims 1 to 10, 18, and 19, furtheragonprising: another noving
body which is different fromthe noving body, wherein the

det ecti on NgdtEih253. cipabirabefloneneoaskigclidesei kgml efeMeEx (dignial sur f ace
of the scal e nmenber which is disposed on the another noving body.

21. The exdososnerraqpariad uhichds o noh-agistioe thage Misply elehdnt (spatial lighther ei n
the cl eaning apparatus is capable of cleaning the scale nmenber of the

anot her nombdgat®dyln additiodZas tdearieilp Gsriifs MPRAINAE Atf linde telihe ®MD, rny
one of clainms 1 to 21, wherein the scale nenber is disposed such that

a surface jfedd& (RCBMD, m%@ﬁ@mg% cﬁ tﬁ&hélﬁlnla)ﬁ bk hissias\Wedcibad

upper surface of the noving bod The exposSure apparat us

accor difng §g,@ANR0enOf onCliiisdIFe 1|n'¥a%e ﬁ%plaﬁé"@?&%hﬂ ﬁ‘@leﬁ‘i@%&' {?ﬁ% hol ds

the obj ect such 'that a surface o S dIS ose

substanti gl, {gé’ul%tﬁ'lg an %gﬁeﬁlﬁggﬁteﬁﬁv@] ?];ﬂ{afsg%? a Sfateld? %OBBJZEI%B of the h&é S tr at e

devi ce manufac ng as
uoing. e SRS AORRE MR fog?'eﬂgme%ané‘ o B b
of exposi n% e ergstrgl?: E)(I:I;[ic \é\fsélgy ?é( )SC%I;‘I e hﬁeﬁ%r?des tflen[gansmmsmn type liquid
crystal display (LCD). In addition, as the reflection type spatial light modulator, other
10 than the above-mentioned DMD, a reflection mirror array, a reflection type liquid crystal
display element, an electro phonetic display (EPD), an electronic paper (or electronic
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 irﬁage 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
20  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

25  source, a pattern may be formed. Further, the solid light source element may be



measuring positional information of a noving body in a predeterm ned
pl ane by an encoder system which uses a scal e nmenber of the noving
body hol di ng the object, noving the noving body, and exposing the
obj ect ; detecting information regarding foreign matter on a
surface of the scale nenber and a sizgqqpf the foreign matter; and
determ ni ng whether or not the scale nenber is cleaned on the basis
of the detipotgamn or ganit.. 26. The exposure nethod according to

cl ai m 25, wherein the cleaning is perfornmed when the anount
of detected for & gdditikat, tlerinexdeensy alspbeagiied m the dxpewe pppddhtes val ue
or when a position of the detected foreign matter is in the outside

of an accegpitiltphpsRandfwhacisdkpbas thelfnctang-sparpatierd 48 tH¥B AR fate P by
27. The exposure method according to claim25 or 26, wherein

the cl eani Rk af AA88ercB finde FRROIubIRAEP Ak disBidsdamy 'tHEQp&@ﬁ'dﬁnbﬁ of PCT
performed when foreign matter which is not acceptable in the exposure

is detect eg, atlonalPaﬁhcaﬁQnﬁﬁpﬂﬁ)‘frogsf@t hod of exposing an object with

exposure |1 ght, conpri sing: nmeasuri ng p05|t|onal i nformation of

TS N R S

uses a scal e nefer o novi n nDV|%g t he
novi ng bod XROSi n ng foreign matter on
2 sur Pace BrofrEnEERE RebirotHRE bersesr iR 5 PRARR8a R fGeSRe  he
change of t control e when foreign matt r whi ch ot

accept abl e‘“?ﬁi‘a‘l“ﬁ a&%ﬁgﬁ tﬁl‘v‘é‘?%’r"@&?{ é'gd chemica a%"é‘faofr‘het“e‘%ﬁ?ﬁ%?“é“%t hod
according to claim?27 or rein the foreign matter mhlch

is not acééﬁ@éfam@lsﬂﬁmdtswéa@%ﬁ@w@@r?mqiaéglefﬂaﬁeabgﬁg Rere are capmied qut the

renders nmeasurenent information obtained by the encoder system
unusablfe iadjustrant &ir aghictingthewhemigalisselracy on various kinds of chemical systems,

the adjustment for achieving the mechanical accuracy on various kinds of mechanical
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 circuits via

15  wirings, connecting pneumatic circuits via pipes, and the like. Before the assembling
procedure from these various kinds of sub systems to the exposure apparatus, itis 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

20  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

25  design step, Step 203 in which a substrate is manufactured as a base material of the



30. The exposure nethod according to any one of clains 27 to 29,
wherein the cleaning is perfornmed when detection information of
foreign matter which is not acceptable in the exposure exceeds an
accept abl e val ue, and wherein the change of the control node is
performed when the detection informatijam is equal to or less than an
accept abl e val ue. 31. The exposure nethod according to claim
30, delvieecStep 2lreinddtidcthe eubsiratt dr prateissed byrchbdes: prodesy Eapdsore of
an occupation area of foreign matter per unit area. 32. The
exposur e nebéees) iadedingihegxpausnvf tienmbafatechiah tB eRposte 1t usidgddmask
wherein the change of the control node includes a change of

Neasur enengatteiif 226418k @6 the AbOE-MERTINEDEMBEANLES arfdlf thé BeveoPitigng tizody

fromthe encoder systemto an interferoneter system 33. The
exposur e rghhed s@lgs‘ﬁﬁfedSt@E 209inARicPhe deficSis aAkembika (Infludfg tﬁé&ﬁlﬁ&h@l{mg
conpr|5|ng form ng an i mersion space in an interval with a

surf ace of rB&e@s ﬂ'a? %tb%ce%%{?o?ﬂak%%gdlfrégﬂclﬁgmg r?eb"ﬂé}iﬁﬂégeté Ngte

movi ng bo S 1nto contact
with the fﬂ%?hﬂ@m ﬁ%ﬁh ke 34. The exposure nethod according to
any one of clai s 570 %E ‘further conprising forning an

i mmrer si on spaceghghan i nterva
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to the exposure apparatus cited in each embodiment and modified example are adopted in

10 the invention so as to form part of this document.



35. The exposure nethod according to claim 33 or 34, wherein
the imersion space is filled with a liquid for exposure at the tine
of the cl eaning. 36. The exposure nethod according to any one of
claims 33 to 35, wherein the i mrersionl4dpace is filled with a liquid
for cleaning, which is different froma liquid for exposure, at the

time of the cleaning. 37. The exposure nethod according to
cl ai m 36, wherein the liquid ppapekeani ng i ncl udes cl eani ng
water in which a predeterm ned gas is dissolved in water. 38.

The exposure nethod according to any one of clainms 33 to 37, 150
wherein the liquid of the imrersion space and the noving body vibrate

or fluctuate rel atf.V%g?%,%B%%Q%ﬁ%/}aﬂg v t%?os%g i -'%gitggfcpc%sure‘?l hit, The

exposur e net hod accor one 0 al ns urtfrer
conpri si ng: gxch%p ing a scal e nenber of the noving body. 40.
The exposure TeRHG "according to any one of clains 25 to 39, further

conpri si ng: W t hdr aw ng .t.he i ody. from t he exposure
appar atus and mai ﬁtfa?ﬂP%ggH[Ythfug@gﬂ%Dtﬁ%ﬂ%gtﬁ@ 15 Ccappp’© O OVERIB8ur e
met hod according tqo clai m40,, erein. the i.nt.ai.ni ng i.ncl udes .
cl eani ng and?@?gﬁﬁ%ﬂﬁhggﬁgmpﬁﬁ&g@ Pémﬂ%ﬁﬁggg”ndu&ﬁ@?gﬁﬂﬁg@ggwgﬁ?e
nmet hod according to claim4l, wherein the cleaning of the scal e
menber incl udes cladBFASAMARTSHStER waNqhansludes jay gpoder system having a head

being capable of facing the scale member and measures positional 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 is capable of cleaning the scale member; and

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.

2. The exposure apparatus according to claim 1,

wherein the foreign matter which is not acceptable in the exposure includes
foreign matter which renders measurement information obtained by the encoder
systermn unusable in control of the moving body.

3. The exposure apparatus according to claim 1 or 2,

wherein the cleaning operation is performed when detection information of

foreign matter which is not acceptable in the exposure exceeds an acceptable value,



43. A device manufacturing method conprising: exposing a substrate
usi ng the exposure nethod according to any one of clainms 25 to 42;
and devel opi ng the exposed substrate. 44. An exposure

appar atus whi ch exposes a substrate wi 4 exposure |ight, conprising:
a novi ng body on which a scale nenber including a grating is

di sposed, and which holds the substrate and is capable of noving in a
predet er m negd,pl ane; an encoder system whi ch has a head bei ng
capabl e of facing the scal e nmenber and nmeasures positional

i nformation of theygnuing &%ﬂgecif@hééaﬁmﬁg RS g)hﬁédf%ﬂéﬂtﬁé’h&%ioﬁy the

head; a drive system I's capable o riving the noving

body on the %ﬁ@%ﬁwﬁﬁgﬁagaqgg{@&hh&nLgﬁg%%%&gmﬂk_the encoder system a

detection sys etects forel ron the scal e nenber
and a contrq% arat us which deternmnes.a.specific area on the
substrate with whiCh eeIxB%tS'slfeagp%)rgtrufg%cfmﬁnr?tfjl%faﬂﬁnshati on area of the

exposure light is overl % vhen .the.foreign.matter i s di sposed on a
nmeasur enent area O‘Fh‘?rﬁg?lﬁj’g% ction information laﬁﬁg%sﬁ‘@%a’?ﬁﬁ\% Oi 525 ﬁ?%lf’f‘ves
t he nmovi ng body without using measurenment information of the encoder
system in t h&¢eRPELreIgy IpRerpRr Wi ¥t he specific area i s scanned and
exposed. 45. The expgsure apparatus according to claim44,
wherei n the novi ng®boldif SKBOSHTS apB#atRp pesaTsing je pRyonre{ Slaimanb i 4,
information of the encoder systemin the specific area in the mddle
of the scanni ng expeseinéhegneagurement syster inchides e intpricromele syt #highea
on the substrate. )
measures positional information of the moving body in the predetermined plane, and
wherein the confrol apparatus is capable of changing measurement
information to be used to control the moving body from the encoder system to the
interferometer system.
6. The exposure apparatus according to any one of claims 1 to 5, further
~ comprising:
an immersion 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.
7. The exposure apparatus according to claim 6,
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.
8. The exposure apparatus according to claim 6 or 7,
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.

9. The exposure apparatus according to any one of claims 6 to 8, further



46. The exposure apparatus according to any one of claim44 or 45,
wherein the drive systemdrives the noving body on the basis of
nmeasur enment information of the encoder systemin the second state in
whi ch an area other than the specific &%a of the substrate is
scanned and exposed. 47. The exposure apparatus according to
claima46, further conprising: an interferonmeter systemwhich is
capabl e of ngas -gﬂg positional information of the noving body,
wherein the drive system noves the noving body on the basis of

nmeasur ement infOrnﬁ;%%EMQﬁaﬁﬂﬁn%ﬂh%ﬁﬁﬁﬁ%g?%%5m§¥$Fe”]in the first

state. 48. The exposure apparatus accor g toclaim47, wherein the

t inf i . . .
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h b . .49. Th y i f
e b e 2 oS SR S 00T AP gDt ©

novi ng body by the driye systemin the first state. 50. An
exposure apparatusuhhﬁﬁﬁe 8@@8“%“%%%@?#&?@3WFP%&exposure | i ght,
conpri si ng: a novi ng body which holds the substrate and is

capabl e of movi ng VHTEN 3R SABEEIORSHSE Ihbeiqaned at the-timg ofelrapigg thesgle o m
which is capabl e of nmeasuring positional information of the noving
body in the preadetisernande %ngﬂéban an immegsiagyspace 1 )e fasmedipfithgtime of
capabl e of driving the noving body on the basis of neasurenent

i nformati on efposing theebpger system and

11. The exposure apparatus according to claim 8§ or 10,

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 to the supplying of the liquid, and

wherein the expansion of the immersion space includes a decrease in liquid
recovery amount per unit time using the recovery port.

12. The exposure apparatus according to claim 8 or 10,

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 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.

13. The exposure apparatus according to any one of claims 6 to 12,

wherein the immersion space is filled with a liquid for exposure at the time
of the cleaning.

14. The exposure apparatus according to any one of claims 6 to 13,



a control apparatus which can change a servo gain of the drive system
in a specific area or can stop servo control of the noving body in
the m ddl e of the scanning exposure of a shot area including the
specific area in which neasurenent infe@ggmation of the encoder system
is abnormal on the substrate. 51. The exposure apparatus accordi ng
to cl ai m 50, wherein the specific area includes an area in

thich e encoder SHSLEMARIAE I ERaYLEPREy 8% ccpabdOR,

exposur e appar at us accor

specific area.includes an.area in which.the encoder systemis unable
to neasure a% SR %8?? aolfqufcﬁ’ér PG af)g]ﬁﬁl.me Of?%‘:‘f?ea?wg' exposur e
apparatus according tq.,any one of clains 50 to 52 153 wherein
the specific area ggpagwegp@éatp%amdgﬁtg A Ehs ur ement
information is abnormal due to a defect of a scale nepber. of the
encoder system  Wheemiliquid,ge clpaningigelpdgs cleaning yatsr HgWRigh &1 ai m 53,

wherein the defect includes foreign matter existing on the scale
nmenber. 55. PHectesaed g isdipralvad tisWaetcording to clai m 53 or 54,
wherein the specific area includes an area wth which at |east a part
of an illuni nationlr d&egtposte appasautaceordingtie anysongwé elaimpyfele \hen t he
defect of the scale nenber is disposed on a neasurenent area of the
encoder system 56wheréin thedpwiiaféhaippaarsionuspascandrth mgving bedyyvilate oof
clainms 50 to 55, wherein one of a scale nenber and a head of
t he encoder Hystaerdlaivelyavihddicheatf thehvdeanimgi ng body, and t he ot her one
is provided to be capable of facing the noving body.
17. The exposure apparatus according to any one of claims 6 to 16,
wherein a maximum value of a relative moving speed between the
immersion member and the moving body is smaller at the time of the cleaning than
that at the time of the exposure.
18. The exposure apparatus according to any one of claims 1 to 10,
wherein the detection system is capable of detecting information regarding
at least one of a size, an amount, and a position of the foreign matter.
19. The exposure apparatus according to any one of claims 1 to 10, and
18,
wherein the detection system is capable of detecting positional information
of a surface of an object which is held on the moving body.
20. The exposure apparatus according to any one of claims 1 to 10, 18,
and 19, 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.

21. The exposure apparatus according to claim 20,



57. The exposure apparatus according to any one of clainms 50 to 56,
wherein the encoder system has a head which is capable of facing a
scal e nenber which is disposed on the noving body. 58. The
exposure apparatus according to claim44 or 57, further conprising:
an i mrersion nmenber which is capable of form ng an i mrersi on space
with aliquidin an interval with a substrate, wherein the

scal e member oomesyh R (ROBLAR: Wl abhitlicafint 16 sLEESHOe

space. 59. The exposure appa accor m 58, furt

conpri si ng: %%E%B&Eﬁﬁbﬁﬁgﬂaﬁﬁ which emits the exposure |ight,
wherein an irnmersion e is capable of form ng an i mmersion space

such that an optic th of the exposure.light bet n t pti cal
menber and t he 15@'5%%%@&%@1’?%&% aecao@nlgﬁggn)[ ?rﬁ&:@gﬁ dois Ptgong()sur e.
60. The exposure appar.atus according to a ne .of cl ai 44, 57 to
59, wher o1 - the: scaPaesene et disgered vt oo E T Redtter ¢ he
scal e nenber becones substantjally flush with ap upper surface of the
movi ng body. membeghecompssubstaially ushwith ap ypper F‘ﬂ‘?fﬁbe ngvipg g‘i"ﬁ’r 44 or
57, wherein the noving body hol ds the substrate such that a
surface of the scalde FBREEIOSHS appaPBSIFOdREd BBt Astof slaims  ®e2sane

pl ane as a surface of the substrate. 62. A device manufacturing
met hod conpri si ng: Wherein thegngides brgly dokily Brstabiacksugh thaga surtacesiibe spale

apparatus according to any one of clains 44 to 61, and devel oping the
exposed subsmember is disposed on substantially the same plane as a surface of the object.

24. A device manufacturing method comprising:

exposing a substrate using the exposure apparatus according to any one of
claims 1 to 23, and

developing the exposed substrate.

25, An exposure method of exposing an object with exposure light,
comprising:

measuring positiohal 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;

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.

26. The exposure method according to claim 25,

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



63. An exposure nethod of exposing a substrate with exposure |ight,
conpri si ng: detecting information regarding foreign nmatter on a
scal e nenber di sposed on a novi ng body whi ch holds the substrate and
is nmovable in a predeterm ned plane; 148 neasuring positional

i nformation of the noving body by an encoder system which has a head

bei ng capabl e of facing the scal e nenber; scanni ng and exposi ng
t he substratﬁmﬁﬁaye driving the noving body on the basis of
measurenent 1 nformation of the encoder system determning a

specific area on the syl Q@%&@&%nﬁmkplgﬂ;&ggﬁ}d5 qggmggpart of an

illumnation area of th osure ove apped when the

foreign matter is w'er%)g%k?d R Wt e%ffﬂ'ﬁe \L\fqabqf
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driving the noving usin neasurene the
encoder systen1|n at eci.fic area i canned
and exposed. P egwfh ?or% m?ﬁeé w@%g H{’]teacf‘%’f%g D S EPURYS £2 Ged cgl m
63, further conprl I ng: t he movin g on tg baS|s of
measur enent i nf or mat i %?%Poscuﬁeem%th‘&cl)%fgﬁm%a&ﬁbi% ‘38 GRSt e in
which an area other than the specific area of the substrate is
scanned and EXPRI¥E®: 65. The exposure method according to claim63 or
64, wherein positional information of the noving body is
measured by an i ntiBeeswingRosidenal jafprpation of wmoying bpdisin aineedeleHningh e
novi ng body is driven. 66. The exEosure met hod according to cIa|n163
or 64, planehseinrensedey aystanwhish uses aseale mgmberef thaumodne basy betsing
body by the drive systemin the first state. _ 67. An exposure
met hod of exfhesbitg, mozmgthemodnghady, axpapesing the giiest: conpri si ng:
detecting foreign matter on a surface of the scale member; and
performing the cleaning or the change of the control mode when foreign
matter which is not acceptable in the exposure is detected.
29. The exposure method according to claim 27 or 28,
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.
30. The exposure method according to any one of claims 27 to 29,
wherein the cleaning 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.
31. The exposure method according to claim 30,
wherein the detection information includes information of an occupation

area of foreign matter per unit area.

32. The exposure method according to any one of claims 27 to 31,



measuring positional information of a noving body, which holds the
substrate and is novable in a predeterm ned pl ane, by an encoder
system scanning and exposing the substrate while driving the noving
body on the basis of nmeasurenment informgdion of the encoder system
and changing a servo gain of a drive systemdriving the noving
body in the specific area or stopping servo control of the noving
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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.

34. The exposure method according to any one of claims 25 to 33, further
comprising:

forming an immersion space in an interval with a surface of the scale
member with a liquid; and

expanding the immersion space in the cleaning such that the liquid comes
into contact with the foreign matter.

35. The exposure method according to claim 33 or 34,

wherein the immersion space is filled with a liquid for exposure at the time
of the cleaning.

36. The exposure method according to any one of claims 33 to 35,

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.

37. The exposure method according to claim 36,

wherein the liquid for cleaning includes cleaning water in which a
predetermined gas is dissolved in water.

38. The exposure method according to any one of claims 33 to 37,
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wherein the liquid of the immersion space and the moving body vibrate or
fluctuate relatively at the time of the cleaning.

39. The exposure method according to any one of claims 25 to 38, further
comprising:.

exchanging a scale member of the moving body.

40. The exposure method according to any one of claims 25 to 39, further
comprising:

withdrawing the moving body from the exposure apparatus and maintaining
the scale member.

41. The exposure method according to claim 40,

wherein the maintaining includes cleaning and/or exchanging the scale
member.

42, The exposure method according to claim 41,

wherein the cleaning of the scale member includes cleaning with an alkali
solvent.

43, A device manufacturing method comprising:

exposing a substrate using the exposure method according to any one of
claims 25 to 42; and

developing the exposed substrate.

44. 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 enceder system which has a head being capable of facing the scale

member and measures positional information of the moving body in the
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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
the foreign matter is disposed on a measurement area of the head,

wherein the drive system drives the moving body without using
measurement information of the encoder system in the first state in which the
specific area is scanned and exposed.

45. The exposure apparatus according fo claim 44,

wherein the moving body is driven without using measurement information
of the encoder system in the specific area in the middle of the scanning exposure of
a shot area including the specific area on the substrate.

46. The exposure apparatus according to any one of claim 44 or 45,

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.

47. The exposure apparatus according to claim 46, 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.

48. The exposure apparatus according to claim 47,

wherein the measurement information of the encoder system and the
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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.

49, The exposure apparatus according to any one of claims 44 to 46,

wherein servo control is not carried out on the moving body by the drive
system in the first state.

50. An exposure apparatus which exposes a substrate with exposure light,
comprising:

a moving body which holds the substrate and is capable of moving in a
predetermined plane;

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 driving the moving body on the basis of
measurement information of the encoder system; and

a control apparatus which can change a servo gain of the drive system in a
specific area or can stop 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.

51. The exposure apparatus according to claim 50,

wherein the specific area includes an area in which the encoder system
generates measurement error.

52. The exposure apparatus according to claim 50 or 51,

wherein the specific area includes an area in which the encoder system is
unable to measure a position of the moving body.

53. The exposure apparatus according to any one of claims 50 to 52,
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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.

54. The exposure apparatus according to claim 53,

wherein the defect includes foreign matter existing on the scale member.

55. The exposure apparatus according to claim 53 or 54,

wherein the specific area includes an area 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 encoder system.

56. The exposure apparatus according to any one of claims 50 to 55,

wherein one of a scale member and a head of the encoder system is
provided at the moving body, and the other one is provided to be capable of facing
the moving body.

57. The exposure apparatus according to any one of claims 50 to 56,

wherein the encoder system has a head which is capable of facing a scale
member which is disposed on the moving body.

58. The exposure apparatus according to claim 44 or 57, further
comprising:

an immersion member which is capable of forming an immersion space
with a liquid in an interval with a substrate,

wherein the scale member comes into contact with the liquid in the
immersion space.

59. The exposure apparatus according to claim 58, 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
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substrate is filled with a liquid for exposure.

60. The exposure apparatus according to any one of claims 44, 57 to 59,

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.

61. The exposure apparatus according to claim 44 or 57,

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.

62. A device manufacturing method comprising:

exposing a substrate using the exposure apparatus according to any one of
claims 44 to 61, and

developing the exposed substrate.

63. 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;

scanning and exposing the substrate while driving the moving body on the
basis of measurement information of the encoder system;

determining a specific area on the substrate with which at least a part of an
illumination area of the exposure light is overlapped when the foreign matter is
disposed 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 specific area is scanned and exposed.
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64. The exposure method according to claim 63, further comprising:

driving the moving body on the basis of measurement information of the
encoder system in a second state in which an area other than the specific area of the
substrate is scanned and exposed.

65. The exposure method according to claim 63 or 64,

wherein positional information of the moving body is measured by an
interferometer system in the first state, and the moving body is driven.

66. The exposure method according to claim 63 or 64,

wherein servo control is not carried out on the moving body by the drive
system in the first state.

67. 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 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.

68. The exposure method according to any one of claims 63 to 67,

wherein the substrate is exposed with exposure light via a liquid.

69. A device manufacturing method comprising:

exposing a substrate using the exposure method according to any one of

claims 63 to 68; and
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developing the exposed substrate.



