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EXPOSURE APPARATUS, EXPOSURE METHOD, AND DEVI CE 5 MANUFACTURI NG
NETHOD THWHOYLME; e d The present invention rel t@&P2Y/059232
exposure apparatus, exposure nethods, and device manufacturing

met hods, and nore 10 particularly to an exposure apparatus and an
exposure nmethod used in a Iithography process to manufacture

m cr odevi ces such as a sem cond or dev ce, and a device
manuf act uri ng nmet hod using the hﬁfﬁbd 15 Background Art

Conventionally, in a lithography process for manufacturing el ectron
devi ces (m crodevices) such as sem conductor devices (such as

integrateﬂéﬁgﬂ§ﬁ'as)EﬁggF+Eﬂwhp crystal display devices, exposure

appar at us proj ection exposure appar at us by a

st ep- and- ERASGEURE NAPPARAMES! | CHXTCEDRE) , METHOD, 0] AND 0DEVICE
exposure apparatus by a step- and- scan met hod (a so-called scanning

steppey ( MANOFAS FURING MBIHODsCcanner) is mainly used. However,
sem conductor devices will |ead to higher

Technical Field
The present invention relates to exposure apparatus,
exposure methods, and device manufacturing methods, and more
10 particularly to an exposure apparatus and an exposure method
usedj11alithographyprocesstonmnufactﬁrendcrodevicessueh
as a semiconductor device, and a device manufacturing method

using the exposure method.

15 Background Art

Conventionally, in a lithography process for
manufacturing electron devices (microdevices) such as
semiconductor devices (such as integrated circuits) and
liquid crystal display devices, exposure apparatuses such as

20 a projection exposure apparatus by a step-and-repeat method
(a so-called stepper), or a projection exposure apparatus by
a step-and-scan method (a so-called scanning stepper (which
is also called a scanner) is mainly used.

However, semiconductor devices will lead to higher

25 integrationinthefuture,andaccompanyingthis,itiscertain
that the circuit pattern which should be formed on the wafer
will be finer, and further improvement of the position
detection precision of wafers and the like will be required

in the exposure apparatus which is the mass-production



25 integration in the future, and acconpanying this, it is certain

t hat the@goﬁy@%%?la_ttern whi ch should be forned on the Iy@f/fﬂzOW/ASvangf

finer, a i nprovenent of the position detection precision
wafers and the like will be required ip the exposure apparatus which
is the mass-production WO 2009/ 139491PCT/ JP2009/ 059232 2 appar at us
for sem conductor devices. For exanple, in U S. Patent Application

Publ 1 cat | 9N, 2008 022L3A%. AN oS dpar at us 15 di scl osed

whi ch eon s a l'iquid inmersion exposure nethod having an encoder 5
type sensor (anpghcogghpheadn nst adeshtonapdldchstioat Bubhbtation N s
kind of an exposure apparatus, liquid is supplied in a space between
a subst r abe @y 227 3%, cal sysiemes apgstatyorim aiselised ke on
area, and the liquid imersion area nay sonetimes nove, froman area
on the suksipilays tolaguademersien REpAMET AeEhegbPavVHPIt F %ﬁﬁfb‘ﬁ%t

of the substrate table. The |iquid may, rena] n the r_surf (a
phot od®t edyipensSeBEPaC 3N FMaafiainBEaey h%%?ig?‘geqn ehaﬁ‘@%ﬁsai? %%;Jge
enters into the (liquid_formng the) liquid.i \ S e :

Wt ndr aws TPr SALERELAREAT Th S T ATE S REHEr SHoNt CetF o uPHE S Aot
in an encoder_ _head that has 1.qul | Td NG t

phot odet eét i*&T Su eécc“ée,e%?a i%@eﬁ]éefaggés%%[ﬁe%ﬂ (E,uéé)%lucga%:lm VO utrreem i sso I%&:’ g%c,)

measur ene oder& _%]epfi @gnﬁd&s%ﬁog%reaheaadbeﬁermr_sqaiafmuéfsimdarm
encoder head w ot function nornalfy. 20 Summary of Invention

The presepfay R0k dasovRdeotnder atrtke ohr thasbahstsatestei dedarea
above, and according to a first aspect, there is provided an exposure

appar abus,or hReappas atase deriprd birithe movewabitecbddie whPeh rRSEIR2Rhe-
obj ect and substantially noves 25 al ong a predeterm ne | ane; a .

liquid supfile ldewiick malyl a;hmg@.pgpm é@lq RS g.ﬁrgag@rﬁacghcg‘@o@%‘gectlon

he- obj eCl3uetqRRY crh HormrERaoh HAR LT HET LKo" MIOBOE | e eyarans

whi ch has | 1quid SUnald st §8.7:8B26Re] Of 1%tk istnd i Ak a0k then

withdraws from the area. In such a case, measurement errors

15 occur in an encoder head that has the liquid remaining on the

photodetection surfaée, or in the case the residual volume

is large, measurement itself using the encoder head becomes

difficult, and the encoder head will not function normally.

20 Summary of Invention

The present invention was made under the circumstances
described above, and according to a first aspect, there is
provided an exposure apparatus, the apparatus comprising: a
movable body which holds the object and substantially moves

25 along a predetermined plane; a liquid supply device which
supplies liquid on a surface of the movable body on which the
object is mounted including a surface of the object; a pattern
generation device including an optical system which has liquid

supplied to a space formed with the surface of the movable



WO 2009/ 139491PCT/ JP2009/ 059232 3 body, irradi ates an energy beam on
the obje i optical systemand the liquid, and f rn
g&f% %({0?/1599&1 lpélg%ezﬁm%% 35

on the o a neasurenent system which includes an ent systéem
having a plurality of encoder heads placed on the surface of the 5
novabl e body that neasures positional information of the novable
body, based on an output of a predeterm ned nunber of encoder heads

f aci ti ' I ' I3
ext ot nal BB NOUROVILT EoROty 0T g1 TR G Grel frg ol Creodor Peads.

and a detection gdeui erewhighidd bhdoanestebdidhe apany egct; 2
system an or at |east one of the plurality of encoder heads,

detects rgshduabneakoLRRtican wbfi chhenkilgdied am @nshcteudetysdEmofaving
section and outputs the detection results to the neasurenent system
Accor di ngat plukalapgacdt escodes deast pdaagsicde tha ezfaos 1 the

residual state of liquid on the photodetection surface for at_.least
one of5thmopbbﬂalbpﬁybﬁhﬁﬁeﬁﬁﬁﬁﬁﬁﬁsIﬁ%ﬁk&lq%%lt%ﬂ£QﬁﬂQﬁﬁ9QnP§e; ts

are output to the measurenent system  Therefore, of I (W
encoder h&@¥eblenbosas Heafchors 7Y é’Mt@éﬁ r?égs?u & S5 %:lng'r?algaa rhib ¥
information of the npvahl e_body 20 wi_thi d ] BOE
using a pPéd@P@PH?ﬁeﬁeﬁ Rbe?C ot Y éh §4§$ eg gtaﬁgsgigggygﬁgf££tat;xzf

l'iquid on.the ph i if a%€ei-520008. tAECRGELPTEYbody decants
possi bl e tt “a %legteg%g&nagleéd;?}lt%ﬁee gncgde?El head whi ch does not function

properly \‘Iiul%&% %‘?.u%@.@_tlyi B¢ 8nE68BE MK ON arke a28ephotadet devica which
surface, ich allows™a highly accurate and a stabl e neasurenent of
the pogitiignabnhebeermtbothefméheunevabt eysotgm, and fopnatdbaar|gne
in the case the head is covered with a protective nenber, such as,
for exanplef thecqlerralidss e@hdencoder heads, detects residual
information of the liquid on a photodetection section and
outputs the detection results to the measurement system.
Accordingix)theapparatus,thedetectiondevicedetects
15 the residual state of liquid on the photodetection surface
for at least one of the plurality of the encoder heads, and
the detection results are output to the measurement system.
Therefore, of the plurality of encoder heads, the measurement
system can measure positional information of the movable body
20 within the predetermined plane using a predetermined number
of encoder heads whose residual state of liquid on the
photodetection surface is good. Accordingly, it becomes
possible to avoid the use of the encoder head which does not
function properly due to much liquid remaining on the
25 photodetection surface, which allows a highly accurate and
a stable measurement of the positional information of the
movable body.

Incidentally, in the case the head is covered with a

protective member, such as, for example, a cover glass and



WO 2009/ 139491PCT/ 3P2009/ 059232 4 the |i ke, of the surface of the

cover gl erm phot odet ecti on surface of the he < an
area of gﬁ‘%@g%{g@ééﬁn ned range including an area where MQ&@@@%&?
beam and a return beamfroma grating deriving fromthe neasurenent 5

beam pass through. Further, besides a 4pr edeterm ned area region, the
detection area of the detection device refers to an area where all of

a plurality of ,dot ecll QAPAES JAkE Whd Roldae casdaimd iem

plurality I'on "poi nt'S are arranged at a “predeterm ned

di stance. b the:3peqbhl Galirake (Jie Y Meall mRiretedelectd arardace

and detection area are used in such meani ngs descri bed above.

Accor di ng R a+eeadndaspesé iofc1iute ney &5 eltieal wiverd iaongasheement beam

provi ded Rn exposure nmethod in which an energy beamis irradiated on
an obj ect avidaa afeteptd bekns§strem gnatingudeakivimhafdon phe magpyrement

formed on the object, the nmethod conprising: a nmeasurenment, process in
whi ch Bf ®epiupalsist LhabuaicodErrkbgds b?&égésoﬁ pregeftsraiged; area

bl e body where the object i t bstantj al |

2 ong. 5 pREGERY I RECIRTaRE CPOSTER BTN RBFRALROR. GF VERE ROVERT &°

body | d, d t f  er n

encoder heRusERcIRBIS B hThg: St ol sbodeEEEEl PabREH pLERE &
det er mi, | bty A :

b ocese | ARSI e S iE pLBsa RECTRAN: PaBPRn A, ERbRtattyed

phot odet ecti g%ﬁ&féﬂ%iﬁecg%ti%@a@&é.m IattAeapk carfe ceft itdrg  pharzd ity
of encoder 2 eads. According to this nethod, in the

det ect hon dHARE e dtlorats eRade cned etecosteri dreakasf ate phed aln t5ueh
encoder heads, the residual state of the liquid on the photodetection
surface i sngdatiasisedeskhersfdraqove. t he neasurenent process, of the

According to a second aspect of the present invention,
there is provided An exposure method in which an energy beam
is irradiated on an object via an optical system and liquid,

15 and a pattern is formed on the object, the method comprising:
| a measurement process in which of a plurality of encoder heads
placed on a surface of a movable body where the object is
mounted that substantially moves along a predetermined plane,
positional information of the movable body is measured, based
20 on an output of a predetermined number of encoder heads facing
a grating section placed parallel to the predetermined plane
external to the movable body; and a detection process in which
residual information of the liguid on the photodetection
section is detected for at least one of the plurality of encoder
25 heads.

According to this method, in the detection process, for
at least one encoder head of the plurality of encoder heads,
the residual state of the 1iquid on the photodetection surface

is detected. Therefore, in the measurement process, of the



W)2009039491PCMP2009/ 059232 5 plurality of encoder heads, positional

i nformat | novabl e body within the predeterm ne be
neasuredb@gg@%”%ﬂghn out put of a predeterm ned nunber Oﬁc@h@@%&&&ﬁz
heads whose residual state of liquid on the photodetection surface 5

is good. Accordingly, the use of the ehcoder head which does not
function properly due to nmuch liquid remaining on the photodetection

veasur oL UGR K GBSETLORST FRFafabron of TR taoitle by T

measur emeR ona n on of the novabl e body.

10Accor di ' e5teiRf $HEIPF SERNed YRS Ghn thenRasured
provi ded %8 égﬁgebﬁgkgygﬁﬁuring &%thod, the nethod including: a

process i Ba‘é’%idcgnaarp%@t%ﬁ b8 4 Ytk mntivedhjuebe rbyf térecadgo diwesls
met hod of the present invention; and a process in which the object on
whi ch t heypakkerbshaaabeers f@rafed iicsiitbodeviaé et ody et t s GYGHEGH
of Draw ngs FIG 1 is a viewthat schenaticaII%?shoms,

conf i qur atiisogoofl. arhexpoiinel npfdeatgs eIt encegY Peat %@&dﬁ’éﬁﬁ .
20 FIG 2(A) is a view used to explain a conf,iguration of. the liquid
SHT ey Cely

det ect i ngnéévifgectdmd Propexiy) qu¢ & _ Pt p?rgc%#ént‘

o et ect Lo PO o s e SIS ieboLs By acermoly

view where a part of {he uafar. $i808 idhdiiCod ke IfQeiti &kl
information of the movable body.

10 According to a third aspect of the present invention,
there is provided a device manufacturing method, the method
including: a process in which a pattern is formed on the object
by the exposure method of the present invention; and a process

in which the object on which the pattern has been formed is

15 developed.

Brief Description of Drawings

FIG. 1 is a view that schematically shows a configuration
of an exposure apparatus related to a first embodiment.

20 FIG. 2(A) is a view used to explain a configuration of
the liquid detecting device, and FIG. 2(B) is a view used to
explain a placement of detection points.

FIG. 3 is a view to explain a placement of an encoder
head and an interferometer.

25 FIG. 4 is an enlarged view where a part of the wafer stage
in FIG. 1 is fractured.

FIG. 5 is a block diagram showing a partially omitted
control system related to stage control of the exposure

apparatus in FIG. 1, along with a liquid supply device and



rFI IG t5di z‘pa bl ock di agr?m showing a partially omtted control system
el ate ontrol of the exposure a t in F

God p pparatus in I
with ali q‘b?& @%6% )y device and WD 2009/ 139491PCT|JP20%§}/8’;25‘?§’§9’%9
the like. FIGS. 6(A) to 6(F) are V|ems used to explain a diagnostic
procedure of residual |iquid using t he® l'iquid detecting device.

S5FIGS. 7(A) to 7(B) are views used to explain a nodified exanpl e of

t he |iQUIg deﬁeﬁylng devi ce. FIG 8 is a view that shows an
exposure B atus of a second enbodi nent. 10 Description of

Enbodi ments - Aghigkst s BAPedi 6P are views used to explain a diagnostic
procedure of residual liquid using the liquid detecting
device.

5 FIGS. 7(A) to 7(B) are views used to explain a modified
example of the liquid detecting device.
FIG. 8 is a view that shows an exposure apparatus of a

second embodiment.

10 Description of Embodiments
- A First Embodiment
Hereinafter,afirstembodimentofthepmesentinvention
will be described, with reference to FIGS. 1 to 6(F).
FIG. 1 shows a schematic configuration of an exposure
15 apparatus100:hlthefirstembodiment. Exposure apparatus 100
jj;aprojectionexposureapparatuscﬁfthestep—and-scannethod,
namely the so-called scanner. As it will be described later,
a projection optical system PL is arranged in the embodiment,
and in the description below, a direction parallel to an
20 optical axis BAX of projection optical system PL will be
described as the Z-axis direction, a direction within a plane
orthogonal to the Z-axis direction in which a reticle and a
wafer are relatively scanned will be described as the Y-axis
direction, a direction orthogonal to the 7Z—axis and the Y-axis
25 will be described as the X-axis direction, and rotational
(inclination) directions around the X-axis, the Y-axis, and
the Z-axis will be described as 6x, 6y, and 6z directions,
respectively.

Exposure apparatus 100 is equipped with an illumination



Hereinafter, a first enbodi ment of the present invention will be
descri be i reference to FIGS. 1 to 6(F). FIG 1 shg
schenatign%%%@?ﬁﬁghtion of an exposure 15 appar at us 103“ﬁ@“§w€“P%?ét
enbodi ment. Exposure apparatus 100 is a projection exposure apparatus

of the step-and-scan nethod, namely tHe so-called scanner. As it will
be described later, a projection optical systemPL is arranged in the

enbodi nent, and .jh the descriptiaon I 34 He8GIH1QNR P Bkrbgkct@oan
20 opti caPYS%FL 1& 6f " %)?Jg%t%q;oa o%??cﬁi%%ﬁs &m Pl wi IF bg dgscri bed

as the Z-axis & rg.cltcjc%%’ (l:ﬂqgi&%ﬁﬁﬂe%i‘éﬁntcﬁ@a@i@e Bl, A @aFet-hogonatetacehe

Z,,axis directidn in areticle and a wafer are relatively
scanned \M’Isb' 1061088485 hedeassthge Mision dilriant iomafe it éet monnted,
orthogonal to the Z-axis and the Y-axis 25 will be described as the
X- axi s di peebheRolasgstematfioanahesenpbiciat pod) thier ddtkieons around t he
X-axis, the Y-axis, and the Z-axis will be described as ex,

e ey, _and
Oz dirgctions, Ikpeinavaby. sEppesull Appardessa1869Ps é&chﬁﬁgda\ﬁth
an illumnation WD 2009/139491PCT/ JP2Q09/ 059232 7 .system,10, a.
reticle stademiezngs ¥rddorddite] OPRICELprdPE T ol Po %S0k
liquid imersion device 8, a wafer stage [ 50, 1.1 1 f3
st age V\STOBﬁlﬁﬁilcﬁmée%PgPrvﬁ\{\@ tﬁb%ﬁftlg%,’ %g%:{o%?r%oldsn&%%%%}gp \ﬁ?ﬁ?saé
parts and the |ike. 5| LLum ! i uggite a1 drghto £ auies
an illuni ﬁXﬁgg%ﬁF‘FSr kﬁafy@og?%%gpez%g%ﬁﬁéﬁ%iﬁéi ncl ud(es an opt i cal
I ntegrat 0%6@‘@8%%3') ke, jandyianliddddmingt ifor eptdngsle Sysisam Rtanthas

an

areticle™dlin the I'i ke (none of which are shown), as is

di scl pged alph 110f ieHAMIA.1 d4tSorPatar003/0025890 and the like.
Illuminationsystanloilluminates€1slit—shapedillumination
area IAR, which is set on reticle R with a reticle blind (a
masking system), by an illumination light (exposure light)
IL with a substantially uniform illuminance. In this case,

15 as illumination light IL, for example, an ArF excimer laser

beam (wavelength 193 nm) is used.

On reticle stage RST, reticle R on which a circuit
pattern or the like is formed on its pattern surface (the lower
surface in FIG. 1) is fixed, for example, by vacuum chucking.

20 Reticle stage RST is finely drivable within an XY plane, for
example, by a reticle stage drive section 11 (not shown in
FIG. 1, refer to FIG. 5) that includes a linear motor or the
like, ana reticle stage RST is also drivable in a scanning
direction (in this case, the Y-axis direction, which is the

25 lateral direction of the page surface in FIG. 1) at a
predetermined scanning speed.

The positional information (including position

information (hereinafter also referred to as 8z rotation

guantity) in the 6z direction) of reticle stage RST in the



10 Application Publication No.2003/0025890 and the like. Illum nation

system 1Q illumnates a slit-shaped illum nation area | which |

set on rg‘{(*%qogﬂ}-%qgﬁth areticle blind (a masking systerﬁﬁ/‘wog@snﬁ
illumnation light (exposure light) IL with a substantially uniform
illumnance. In this case, 15 as illumfnation light IL, for exanple,

an ArF excinmer |aser beam (wavel ength 193 nnm) is used. On

reticle s&g?ﬁ acF\r)lsSeTb (ﬁn tie%eg&ﬁfgng‘@ii%hc é:’éér?&’i@? fj%%te 213, 0f o %%ah\?i%,

is formed er ace (fthe Tower s ace in FIG 1)

fixed, for, exaupley by uageumchuekiongs 2& Bet acletsiage 1Sk s
finely drrvabl e WItHI n an XY plane, for exanple, by a reticle stage

drive secti,en, kL rbheteshqwe ricd nElfGerl refefrered adFla@ &5)" tatdtcliencl udes
a linear notor or the like, and reticle stage RST is also drivable in
a scanni ngndick-€etroneteirtr)t hicss shseh theadiakes alimetyrsmenihikapy &N

the 25 lateral direction of the page surface in FIG 1) at qa v
pr edet®r nanewvsbarniigropedd. (the miTweLSoFHHLGHHY ia,ﬁﬁwm Gfe @

(including position information (hereipafter also referred t .
rotation qox¥ableypirEothdoszadFeRER;| %%gf%?t?lé)(i at ?faasgea %ﬂeﬁcsct %ér n
WD 2009/ 139491PCT/ JP2009/ 059232 8 XY pl ane ( RO t3i0AN8)od

const ant | PUFEREEt ¥H - %Seféﬁgﬁ"@,o%{ %or er%gloel {?’lt);égﬁesgfdlg{ ounc?rio.%ZHSd am

b i I ' herei ;
M eticle PPGPRBIBATEIYS TECuR e (TERdl At oh S bencir arane beam on

5 a movablie My ron <1%5(ha ) Wiodf tial 316 ArT anged iakes ta 1Y yyorhll e
mrror (or a retro reflector) that has a reflection surface which is

or t hoggnale @ delies Ys B svitli dre g si dis @hsks ed 1, nbvalex@mnple,ob . ShaRa RS a
reflection surface orthogonal to the X-axis direction) shown in FIG
1. Inci demppliyattile Fauencmdsiors Wt erd O (A2 8% 2 str@sEe i b kgorean
exanple, U S. Patent Application Publication No. 2007/_021}]881 1 and the
li ke, candee useedinsseeddoss, osr teBRERABIVIFE HEFEEFLE e it e F et Bneter
16 to nmeasure the positional informtjon of reticl {L fbast
directi onsl%iotm%ﬁl%ﬁ%goEth‘Pﬁggo“rﬂFﬁ%ﬁ%Jioe%ﬂfg%eRﬁ%? g%flgits as
pl aced belionwc{i-rzecsclidoe s 'S 'tcklugaee degrees of freedom.

15 Projection unit PU is placed below (-Z side) reticle
stage RST in FIG. 1, and is held by a mainframe (metrology
frame) which configures a part of a body (not shown).
Projection unit PU has a barrel 40, and a projection optical
system PL consisting of a plurality of optical elements held

20 Dby barrel 40. As projection optical system PL, for example,
a dioptric system is used, consisting of ahplurality of lenses
(lens elements) that has been disposed along optical axis AX,
which is parallel to the Z-axis direction. Projection optical
system PL is, for example, a both~-side telecentric dioptric

25 system that has a predetermined projection magnification
(such as one-quarter, one-fifth, or one-eighth times).
Therefore, when illumination light IL from illumination

system 10 illuminates illumination area IAR, illumination

light IL that has passed through reticle R which is placed



stage RST in FIG 1, and is held by a mainfrane (netrol ogy framne)

whi ch COWA%%%@%@I part of a body (not shown). Projecti Oﬂaﬁgb&9§}§%39as

a barrel projection optical system PL consi sth

plurality of optical elenments held 20 by barrel 40. As projection
optical systemPL, for exanple, a dioptric systemis used, consisting
of a plurality of Ienses (lens elenents) that has been di sposed al ong

optical axis i.chi sparal | eZ-axksditegt ,0n~ i RLOKRS WORKh a
optical s§St E%FLX\?E, p?g elé%asﬁ%}%?‘%g égpﬁl-télqggggeyecgﬁit ric dioptric
25 system.that B d rLned 1pL9] 8¢t beBsERENLAI ptiieal( sysheas
one- quartg?fts%n i’%??t K%ﬁorgi)g%e- e?gﬁt h(?ti rreg) : JTher ef org, when

i 11 uni nat pen ehi-ght ol kefineaui hhugenati @hesystremitOpbkkennngdeeseduced
illumnation area TAR illumnation light IL that has passed through
reticle Riwhigehosapp@cedof \Wh & 00 W30 GIRATRURPDO G 059232 & Rs §OfF
its pattern surface substantially coincides with a first plane (ﬁ%n
obj ects pl aaehiaf iplopkoatbanopresal ABy st EmMIPIOXST O™, SYTE G
of the circuit pattern (a reduced i mage of a part .of .the.circuit..
pattern) BL,rani ehea¥ed of $MROSUIGE tHFPA) | 1 ARG arda It ,m(i\ttllla;tlon

projection optical systemPL, .in an area (exp r i fe
Do 111 uni AEERoRARr @B TaFE o IAIBTS WARIGSS Sir ?é%‘ég?‘g‘”%gﬂét%ﬁté\vﬁ@hﬁjg%

resi st (a sensitive _agent) N I SRCH I (@ inERge
pl ane) si GEGH S| 8 A S%ﬁj&aﬁs pgfé%%ﬁwogﬂaamd b?j Fagito s

synchr 0n0§>§a%ré ve iofe 18t igles iags, Rk il wifsalerstrage WA, byethel e R
no

relativel ves I'h the scanning direction (the Y-axis direction)
Wi th {@Spegindrd dldusniratieonrarea ivRe( bthysi RaTi amd lvafer |4YaghilE,
wafer Wrelatively noves in the scanning direction (the Y-axis
di recti onjratitdl & &spedtatioelsy exposurin ditea soRind degFlolen | gHre
L), thus scanning exposure of a shot area (divided area)_on vﬁﬁr W
i s perfornedxiandittestpamemi el 7eIRede F0 i Lt YRHF IR AT o the
shot area. That is, in the enbodiment, the pattern . rAted
waf er W acGoridimigrate-qn Lafthat b oV ey é’ﬁ&% ‘grﬁépa}ncoji‘iec‘?fgﬁv%& i Iégtfrhezo
system PL, and then by the expasure of.the. sensitive ] gyeresheesi 8
| ayer) on W@lqﬁ\ﬂ%%ﬁ%% ﬁé\}? Of] %};lg t&ff, t:’he )pattern islgformed
on Waigr Vgxposure area IA (illumination light IL), thus scanning
exposure of a shot area (divided area) on wafer W is performed,
and the pattern of reticle R is transferred onto the shot area.
That is, in the embodiment, the pattern is generated on wafer
W according to illumination system 10 and projection optical
20 system PL, and then by the exposure of the sensitive layer
(resist layer) on wafer W with illumination light IL, the
pattern is formed on wafer W.
Incidentally, the main frame can be one of a gate type
frame which is conventionally used, and a hanging support type
25 frame disclosed in, for example, U.S. Patent Application
Publication No. 2008/0068568 and the like.
In exposure apparatus 100 of the embodiment, a local

liquid immersion device 8 is installed to perform exposure

by a liquid immersion method as is previously described.



Incidentally, the main frane can be one of a gate type frame which is

conventignal |y used, and a hangi ng support type 25 frane_disclosed
in, for 8‘&&%08?;/8948 S. Patent Application Publication No‘?CTz‘BB%‘}S‘??é%%%es
and the liKke. I n exposure apparatus 100 of the enbodi nent, a

l ocal liquid imersion device 8 is insPalled to performexposure by a
liquid imersion method as is previously described. WO

2009/ 139491PCTOP2009/ 059232, 10 Local }i.qui-d 4 L.on i 8evi
i ncl udes HOFRGuid bW@eﬁiﬁ?%geg}gféﬁﬁﬁﬁl dF§E§3§?3Q§§§¥§§§% ?géfﬁ

of which are ng%gg@amgeggvgkg?pévé%gfgr(bgtﬁlgf which hirguhdtsepphy

pi pe 31A ~4& Pi recovery a nozzle unit 32 and the |ike.

As shown ip FH& 1%’1:(9}255'1:% #AGL SR, i=S1sepparseshiyn pdpeushended iguide
by a mai nframe (not shown) hol ding projection unit PU, so that the

peri pherygtot/Beyl gmﬁé end, parhooplefubatra? Adtthe s &% 6pordal
el ement closest to the imge plane side (the wafer Wside)

const ig ut LAYFRECO] B¢t honzbptumat 3% stermumporied Hins e guspsaded s&rte
(hereinafter also referred to as a tip lens) 191, .is engégﬁedw)k%a%he
enbodi menby mowzing name: (Botishael) $oLIARG PRI POILrD MY 6Pt 482 578 Ton

a substantially flush surface with the | ower end.surfgc I
191. Furt kbe PRBERNRrYA% tES %%W%mrﬁﬁsar?% %93?%63 %8%?%%@13%?%2

O e L o Shonphdoah et Sk £8 LALSIAN Latd! 01 b elhaferentt

is placed® € recovery opening Is arranged, and a

ly fl h , a e
LR, S s pgaee dane e Mesae g«

aliquid i quid recovery pipe 313 respectively.
20Li cuh d %é%@l,yapié}?s 3hAreonngeky LDsbimpiekseppoyasevicép berskfldétl to
, an

FI G iquid recovery pipe 313 connects to liquid recovery
device 6 (irebfE1beell G Ib)her espedtmesky . nozzle unit 32 is set so that
its lower end surface is on a substantially flush surface with
the lower end surface of tip lens 191. Further, nozzle unit
32 is equipped with a supply opening and a recovery opening
15 of a liquid Lg, a lower surface to which wafer W is placed
facing and at which the recovery opening is arranged, and a
supply flow channel and a recovery flow channel that are
connected to a liquid supply pipe 31A and a liguid recovery
pipe 31B respectively.
20 Liquid supply pipe 31A connects to liquid supply device
5 (refer to FIG. 5), and liquid recovery pipe 31B connects
to liquid récovery device 6 (refer to FIG. 5), respectively.
In this case, in liquid supply device 3, a tank to store the
liquid, a compression pump, a temperature controller, a valve
25 for controlling the flow amount of the liquid, and the like
are equipped. In liquid recovery device 6, a tank to store
the liquid which has been recovered, a suction pump, a v;lve

for controlling the flow amount of the liquid, and the like

are equipped.



;n this case, in liquid supply device 5, a tank to store the liquid,
conpr e; , a tenperature controller, a valve 25 r

controll %QQ%F@%QFIOW anount of the liquid, and the i ké’%@@’%‘%ﬂ%&’ﬁéd.
In liquid recovery device 6, a tank to store the liquid which has

been recovered, a suction punp, a valvé for controlling the flow
amount of the liquid, and the |ike are equi pped. WO

2009/ 139491PCT/ JP2009/ 0592 1 ' nt.e .
liquid supply dBdite©B™ nggs%t8OFF89tg??ga§g%§%ngggga Rt S

tip |ens %?é;%@dtﬁﬁﬁﬁb i qui d between

. or,bd £4 (Fehledre 2% terke 191
descri bed er) of mafergfa%%eeiggyfﬁﬁéwg%%§ma§ef@%Vis nghnted) Vi a

5 1iquid guppkYeREPE BhAtnNdppent s@ksaké qui Uae0Reryo deyides B ibed
(refer to FIG 5), and recovers liquid.frombetween tip Iens 191 and
waf er W viatkirquiod iedevetpliepeTRlBn Biniialy watfe o ferist movstadl via
controller 20 controls liquid supply device 5 and liquid recovery.
devi ces 6 ddqtuiat supelgupnpet §1bf angueen 1o ks phl Wk FHFEEHRY Feé)q{'tf%ﬂ S
the quantity of liquid which has been recoverea. Accor di ngly .&q‘%ﬂg
Epape F\elt \geénefﬁap 1 @ASCLR) artPWEPEPVRE Sal L1 afrﬁonhgggf"le%l Bt 145G d
g is he constantly re Iacegé‘and by this 11 gquds i LSl rea
Alq (for dedmprel wades o dadBgPecsiy bt i TR
operations, main controller 20 controls liquid supply device
5 and liquid recovery device 6 so that the quantity of liquid
10 supplied constantly equals the quantity of liquid which has
been recovered. Accordingly, in the space between tip lens
191 and wafer W, a constant quantity of liquid Lg is held
constantly replaced, and by this, a liquid immersion area ALQ
(for example, refer to FIGS. 2 (A), 3 and the like) is formed.
15 In the embodiment, as liguid Lg described above, pure
water (hereinafter, it will simply be referred to as “water”
besides the case when specifying is necessary) that transmits
the ArF excimer laser light (light with a wavelength of 193
nm) is to be used. Incidentally, refractive index n of the
20 water with respect to the ArF excimer laser beam is around
1.44, and in the water the wavelength of illumination light
IL is 193 nm x 1/n, shortened to around 134 nm.
In the periphery on the -Z side end of barrel 40, for
!
example, a scale plate 21 is placed parallel to the XY plane,
25 at a height substantially flush with a surface on the lower
end of barrel 40. In the embodiment, scale plate 21 consists
of a rectangular plate which has a circular opening in which

the -% end of barrel 40 is inserted and a circular opening

in which the -Z end of an alignment system is inserted formed



15 In the enbodinment, as liquid Lg described above, pure water
(hereinafter, it will sinply be referred to as "water" Dbesides the
case V\heW%ﬁj(Qg’il:Pf}?]ng is necessary) that transmts the A B Par232
| aser light (light with a wavel ength of 193 nm is to be used.
Incidentally, refractive index n of thé 20 water with respect to the
ArF excinmer |aser beamis around 1.44, and in the water the

wavel ength of illum patjon |ight i.S /. denedh
around 1340 Fpazt oF 1F]f’let‘ﬁje‘"‘g%’riélorfk%rlys Sthteed dY, SEHoATh b 2

40, for exanpl pla i par akhek beatBe2xYipl ane,
25 at a hglogﬁt ?Qagsﬁgﬁk’?‘%n ykﬁl ﬁ%ﬁ %ﬂl]tmﬁégﬁgﬁrface on th(aal | ower end of

barrel 40 hegepRodiBRins i%ealre ol at @adh consist@af shown)
rect angul g}lbglogte V\hE?gh has a circular opening in which the -Z end of

barrel 40 (stirB3ekiedrand)awkichuespapsnipny jevhidncinihePUz & toe
an alignnent systemis inserted formed WO o1
2009/ 18949 bRET/ 3B2MaLL050232rfacenon Paet—-bfside) pphrscalmPlate <1,
supported by suspension by a body (not shown). .In the e o% erl{t’ion
scal e boars 21tWwe-sipemaichaly Faddddsi én FIGHHRSRR Y ¥ afe "%Eﬁo
shown) (netrology frane) which pports_projectio it i s tdhe D
| ower sur PFeEing &Gr f%@é'ce&ntf’hgigz g;dﬁ %?hg%a‘l e‘mﬁ)#gﬂtlec%l as a
two-di mensi onal gratind, @ {yo-diaensionalnbell getignieral fage f is
(refer to_glflaéln_z??c’%saf oreﬁé%?g\gy%?%%gg)gny st's of g grating of a
predet er m;ned,pi teh Wose et o ¢ Jidiedd O I grafiddieod- RS and a
direction,~such as, a grating of Ipm and a 10 grating of a ' .
prede gr mgied pid o whosedoesiRthed Pirtant whwsiespemivhécxdarestion is
direction,” such™as, a grating of 1Im This diffraction grating RGis
formed in i@ aihess-sheaped area: vén a pratieter i reee W e o haim coidrs
the noverment range of wafer stage WST. In the area where di%fracti o]g
grating REiHE recalien Sypaaieg RC ks fRrmes gl 2 HTOPRIHIPLAToh Cor
a light transmtting section) which becones, the path of ttbeeb £
measur enerst PEedRteriREd Wéﬂ#ﬁ A COVRS Sdﬁ@ieégo‘aﬁ%rﬁt a9, et water
descri bed sltaaEgeé WIS%.’.]c OEHE’ghe area where diffraction grating RG of scale
15 plate 21 is not formed, an opening section (or a light
transmitting section) which becomes the path of the
measurement beam of the liquid detecting device which will
be described later is formed. '
Wafer stage device 50 is equipped with a stage base 12
20 supported almost horizontally by a plurality of (for example,
three or four) vibration isolation mechanisms (omitted in the
drawings) on the floor surface, a wafer stage WST placed on
stage base 12, a wafer stage drive system 27 (only a part of
the system shown in FIG. 1, refer to FIG. 5), and a measurement
25 system which measures positional information of wafer stage
WST. The measurement system is equipped with an encoder
system 70, a wafer laser interferometer system 18 and the like

shown in FIG. 5. Incidentally, encoder system 70 and wafer

laser interferometer system 18 will be further described later



Waf er stage device 50 is equipped with a stage base 12 20 supported
al nost hgrizontally by a plurality of (for exanple, thre r. four
vibratioﬁ“i§§Wé§F%% mechani snms (omtted in the dramﬁng§¥%3 2R °$%60r
surface, a wafer stage WST placed on stage base 12, a wafer stage
drive system 27 (only a part of the sydtemshown in FIG 1, refer to

FIG 5), and aneasurenent 25 system whi ch neasures positional

i nformati gn oé mgfer stg SHVBT. The neasurenent systemis equi pped
with an ehBobBf GSEEMP70°"a wafer | aser interferoneter system 18 and

the like shown in gé Bas 15“%4%{1{%%@ RRHERGE h a5Y Slhem g ater,

| aser interferoRBter system be further described later WO

2009/ 13943 BG4 d @%%%@%Z%a.a&ééﬁ bietHesapp@t inrface is eBtagmedyse
12 is made of a nmenber having a tabular form and the degree of

flatness gf ghhghdipReveslbbasguisieextiréaebywinywadied sbpgeIIUE IRVGH-de
surface when wafer stage WST noves. 5 Inside stage baseg 12, COi
unit i% hausede Bhebedbagealgl,uraldoiy emidoillss hPAJe?eﬂraéé’cFJi%ﬂtr}?ea
shape of a matrix with the XY tmo-dinensiqﬂgl i rection servi.ng as.a
row di r ecpilomaddtivaooraimsdifacPiared Al sHot 1P FIG O Matér "stage

WET has a stage main 10 section 91, and a wafer WIR, whiehbdis
pl aced ab&he ¥a5@°ﬁﬁ?ﬁe§§&PPGE girﬁﬁgng %%5%%?%2%£?% a ngﬁf%%hféé%
manner with respect to stage.main section 91 by a Ztilt drive
mechani smP@fof §ﬁ§%ﬁ$.dﬁﬁe?ﬁﬁgﬁka;e, waf er table WIB is supported in
a non- contact mRANERRY Zyl v AV GoFReh@tiay® METadjasste ngab o
bal ance of the upmar8 orce (repulsion) such as the el ectromagnetic

f or ce; gnd e sdMoar gnd of 6@ Hear avbllat WoB)whiH udi pyathd sed¥e vbiagf
at three points, and is also finely driven in directions of three

degr ees okdireedeaionhdT ami dst hepgoakes th resphosontReteRamneEitiidh,
and the Oy direction. , , .
respect to stage main section 91 by a 2 tilt drive mechanism

(not shown). In this case, wafer table WIB is supported in
a non-contact manner by Z tilt drive mechanism by adjusting
15 the balance of the upward force (repulsion) such as the
electromagnetic force and the downward force (gravitation)
including the self-weight at three points, and is also finely
driven in directions of three degrees of freedom, which are
the Z-axis direction, the 6x direction, and the Oy direction.
20 At the bottom of stage main section 91, a slider section 9la
is arranged. Slider section 9la has a magnetic unit made up
of a plurality of magnets arranged two-dimensionally within
the XY plane, a housing to house the magnetic unit, and a
plurality of air bearings arranged in the periphery of the
25 bottom surface of the housing. The magnet unit configures a
planar motor 30 which uses the drive of a Lorentz
electromagnetic force as disclosed in, for example, U.S.
patent No. 5,196,745, along with the coil unit previously

described. Incidentally,asplanarmotorBO,thechivenethod



20 At the bottom of stage nmain section 91, a slider section 91a is

arrangedwé%dogg%&]tecti on 9l1a has a magnetic unit made u}f’%ﬁhﬁ@m&s%n

plurality of magnets arranged two-dinmensionally wthin ane,
a housing to house the nagnetic unit, _and a plurality of air bearings
arranged in the periphery of the 25 bdft om surface of the housi ng.
The magnet unit configures a planar notor 30 which uses the drive of

aLorent 2ol selr QURGREL £l aree et lioclased ke, thobrwmmie U S

Pat ent NolS50% al on e coll dnit previously described.

| nci dent al BaE MRLeke30andhe @liavarmriched bY0a variable
5000, 136451 BEF T TRBHRE S0 BeaCr) pr S Blate TR 0 o i ng

the Lorentzifiereacel estivenagireldc daor @d scaie asgidanar notor by a

vari abl e reluctance drive systemcan al so be used. Wafer stage WST is
supported by | ewkfati staghdiaT stagupPorase by gVt baR RN P eFade

clearance, such as around several pm by the plurality of air

beari s teser ﬂBd@NaHDW@,dWm@QPF CH-EA AR CeNeSHERFS W?‘érb‘illisc?n‘feli%e
Y-axis direction, and the Oz direction b | anar _noi or ;

Accor di nghr, REf et e Wire (Qlaferr aFéngPi ﬁﬁ?lél%’mgghggoveéc?n?ols

resp

tage base 12 in,10_ditections,of six d vl |
?ngiggen? Zar&ye\lﬁgf.grtlé é(g—%x{;%?-aégﬁc%géa ; ?%ﬁ%ls ﬁg{i.s 688deMion, and the

Irections of siIX

degr ees Ofeg}cﬁﬁggggglé’%r?yrgpgﬁ?ggﬁﬂoﬁ@O. Accordit§ey pRREEAbledTB

mai n contr magni tude and direction of current
suppl i ed egelraf whhe £Qidisraki 4@ 1onfd gpding-d hecaups lbase t12 Vi er
stage drive system 27 is configured, including planar notor 30 and
the Z1pil tgididate ores hihissm pieytans| of dessrdded. Inedidgariadl iy, Watedar
motor 30 is not limted to a notor using a noving nagnet nethod, gmd
can be a nattzwe WSTnmprabeold iner dinl dheeabionool asxplegwge0t %
a magnetic levitation type planar notor can be used. In this case,
the air béar imenREREGR y3(gescri bed does not have to be arranged.

e o e TR I RGN & A5 Fnern glcsie
Nor e SpeCircflailé:nailtlL}/de and direction of current supplied each of the coils
15 14a configuring the coil unit. Wafer stage drive system 27
is configured, including planar motor 30 and the 7z tilt drive
mechanism previously described. Incidentally, planar motor
30 is not limited to a motor using a moving magnet method,
and can be a motor using a moving coil method. Or, as planar
20 motor 30, a magnetic levitation type planar motor can be used.
In this case, the air bearing previously described does not
have to be arranged. Further, wafer table WIB can be finely
movable in at least one of the X-axis direction, the Y~axis
direction, and the Z-axis direction. More specifically,
25 wafer stage WST can be ‘configured by a rough/fine movement
stage.
On wafer table WIB, wafer W is mounted via a wafer holder
(not shown), and is fixed by a chuck mechanisrﬁ (not shown),

such as, for example, vacuum suction (or electrostatic



25 waf er stage WST can be configured by a rough/fine novenent stage.
On wafer table WIB, wafer Wis nounted via a wafer holder (not

shown) , éi‘f{bz‘l"%”?%“%fed by a chuck nmechani sm (not shown), RGRHP20W/059232

exanpl e, vacuum suction (or electrostatic WD

2009/ 139491PCT/ H 20091059232 15 adsorpPion) . On a surface on the +Y
side (the +Y edge surface) and a surface on the -X side (the -X edge

surface) of wafer, table WIB, respecti Y, b [1L.Of s kSti S F

appl i ed, QHHOFBSFQ& i'onogl?r?‘élégasgi a gﬁ% +1\!7%11\[/:1\11% (C%rp%gsé%%% s:u;r v?/gfee)r

| aser 5 interfer S 2 e CIst d ehpifae o nedeas
shown in ﬁ'f"é aS.SBgEg?%eg}c{)u%%n ?lgd%ﬂ%% gtﬁgéwaf er 'hol der (r?gunti ng area
of the vatep)e wadg,s \é%eicr&i%leﬁy,3mi@rwxatp®l(i®riﬂmwii¢ egpalileent and
plate) 28 I's arranged that has a circular opening slightly |arger
than the wakeedhalgesub-eraes 1Te tinel 10bceint eh amndsaldstn ivsfer laser

rectangul ar outer shape (contour) . Plate 28 is nade of a trans cilrent
mat er izl  whthrifewdrtedremmsyekpanss dm bsudesas ibed éﬁéﬁﬁl%?egﬁ%@%é RS

liquid repellent treatnent against liquid Lg is lied to_t
surface othowat d2FIG 13.quPd ERPePHERT ShFFals %E‘gf YerEd) h.oli%er
Incidental ly, 15 plate 28_is installed so that i.ts tige f

a part of (MOSNEdichEEFelEnERS MTRFH W 3 S aggaéfg(/vﬁgél%\?g o
Encoder system 70 neasures it I, J nf i j i ] 1

It or mat | SO ST T A O Ut 1)t or et Age T S T he Sy

pl ane. No Gy hi t hRahi kBe20a0EreR6DESF SysEhedn 7D thid |
be descri \gg(??ﬁl%l%gestlg#. 1y°@a§6@61 vvgfer teab?e 3\_;\7I'B, as shown in a

pl anafg Vi @Wride | Gnd.ab eneoderheathdliane nafdershagor (¢ontraier r ed
to as a head, as needed) 60A, 60B, 60C, and 60D are placed in the

four cornenstd espact meekyofHeadsatdpatensomaaeripl ackh atowddheLTes
so that expansion, such as for example, glass. A ligquid repellent
treatment against liquid Lg is applied to the surface of plate
28 (a liquid repellent surface is formed). Incidentally, .
15 plate 28 is installed so that its entire surface or a part
of its surface becomes flush with the surface of wafer W.
Encoder system 70 measures positional information
(including information on the €z rotation quantity) of wafer
stage WST in the XY plane. Now, a configuration and the like
20 of encoder system 70 will be described in detail.
on wafer table WIB, as shown in a planar view in FIG.
3, an encoder head (hereinafter, shortly referred to as a head,
as needed) 60A, 60B, 60C, and 60D are placed in the four corners,
respectively. Heads 60A to 60D are placedat positions so that
25 the separation distance between heads adjacent in the X-axis
direction or the Y-axis direction is sufficiently greater than
the width of liquid immersion area ALg. These heads 60A to
60D are fitted inside holes of a predetermined depth in the

7-axis direction which have been formed in wafer table WTB,



25 the separation di stance between heads adjacent in the X- axi S

directio axis direction is sufficiently great
w dt h of (?%03?@%4%Tersr on area ALg. These heads 60A to are 0%5?%9(1

i nside holes of a predeterm ned depthlr n the Z-axis di rectr on whi ch
have been fornmed in wafer table WB, $02009/ 139491PCTOP20091059232
16 respectively, as shown in FIG 4 with head 60C taken up as a

representa ces efcheadyigPAnado@Dcarakenyepedsby
pl ate 28. %¥§FF|I%§1§QW t%ﬂl@m 'eLS a pair é‘f heads 60A and 60C, 5

whi ch is %\QLC% edsoncapevel the dppeenalrkhpes off Hdwmiuppar teaFaeeof
waf er tab B, are heads (Y heads) whose neasurenent direction is
in the Y- gzsvgrgurbgztrpqratd:mst her, a pair of heads 60B and 60D, which
is located on the other diagonal |ine on the upper. surface of 4\?%{1
table WB, are R8fheadsg(Mahbads)Fhose meRadreREntedis 44 &1 9

the X-axis direction. As each of the heads 60A to.60D, hea a
conf i dur avhorhsiigi lecates 98 198&d Oodi éC@ieoéjé&qor? I driESamhy dﬂ%eu%ép%gc

Pat ent No. 7,238, 93 ernat.i o Publr / w8 and
the |ike §P§f&§€d°flr’@£?dﬂ é\?ﬂ r‘}@Ll?’dh a§e1 con %ra T5H el nce t he
optical path len%ﬁﬁ}J@lf&%%l&HD1Qe§HEFﬁéeY5§££§WEifééfE%ﬁa tMgrther,

i nfl uence™&6FSEF tuation can nost be 1 gnored. However, in the

embodi nent,, Lhe. |i0he RUrdR A %momﬂrﬁclts)rlcéﬂaa:eﬁ rangete other
external foFeach hea c? or nore specrfr cally, inside (or outside)

stage mai Q;$@ekH0n 130 bn antk epert i alf systemtiable Mtliyedre

i nside of each head. And the light source, the photodetector, and the
opticah Syskers dxeheptissavhyse orrrnt rehaity Hrresprirait sf Befh & hepxis

shown). In order to inprove the positionin reci sion of fer table
WIB (fi ne dimeertdrnn st Agepachi pft Eaﬁsmeeﬁogogstef g%Dr Red e‘é?ﬁja%%r

the |ike can he perforimed hetween 812G IR} SSURN 8T £6PWknp1e,
U.S. Patent No. 7,238,931, International Publication No.
2007/083758 and the like are used. In heads with such a
15 configuration,sincetheopticalpathlengthsof1juatwobeams
are extremely short, the influence of air fluctuation can
mostly be ignored. However, in the embodiment, the light
source and a photodetector are arranged external to each head,
or more specifically, inside (or outside) stage main section
20 91, and only the optical system is arranged inside of each
head. And the light source, the photodetector, and the
optical system are optically connected via an optical fiber
(not shown). In order to improve the positioning precision
of wafer table WTB (fine movement stage), air transmission
25 of a laser beam and the like can be performed between stage
main section 91 (rough movement stage) and wafer table WTB
(fine movement stage) (hereinafter shortly referred to as a
rough/fine movement stage), or a configuration can be employed

where a head is provided in stage main section 91 (rough



(fine novenment stage) (hereinafter shortly referred to as a

rough/fipe venent stage) , or a configuration can be el wWh
a head ig/%ﬂ)ﬁ 484 in stage main secti og 91 (rough V\DPé’&%l)%&%%5923§re

2009/ 139491PCT/ JP20091059232 17 novenent stage) so as to neasure a
position of stage main section 91 (rotigh novenment stage) using the
Qfad anplt}]o rrears]ure rel ative displacenent of the rough/fine novenent
age w anot her sensor. 5Y_head n : i i
encoder s @ﬂg?@?ﬂgf F‘E?gggpFSpr!isa'?gl gleg%@%tge%egggé%gghe%(%g%géghe glrggh

"encoders ) [9A.and ({8 g('lr Eend o ELSgePlusinpepecidayebnd thinehsure
Ao wa

measur e thie posSi'tlo er stage T in the Y-axis direction by

i rradiati pg; JpagHr 8NPl abeABRt( SBashe efeaith /gl sjovendd: scalge plibe
21 and receiving diffraction beams fromthe grating whose periodic
directionghsthhe ¥easos.direction forned on the surface (I ower
surface) of scale plate 21. Further, X heads 603 and 60D configure X
| i nears encoder sY( heedisn&PRerndpfPEperataépyrendr Ltdneadr §2C8REsder ")

70B and 70D (refer to 15 FIG 5) , ti , i
posi L1 on_ dhoatoe teayervE? nrﬁ;aitﬁgyrx.es BREREL A o HPIH 2
n 0) al e e an [V i i
]E(r)(r)ma:jhe gfﬁﬁpﬁ&r}ﬁhds—zg?énglésé Hﬁer]fee& gSLﬁﬁg] %hgg’sg%é%é@ﬁ%e t ?@%@1
on_t he surface of. | Feas
each of tRE2EHES LTS p?_%&@%%ﬁfﬁﬁ%i%%%?%?&@% nai nyﬁgﬁtﬂf (gll\zL I&Er& %ﬁ
(refer to.fl ‘Ef[réhi-at'\ﬁfd" Rl 220 i ositdronal ightfsor nat i on

S/\;I'Bcwg:‘ Q?CI%'? ormationon the Oz rot a.ti on qugnti ty) of wafer table
5callagsl YT P 1i and he c¥Y vishane, f hesed onbreasuf earehiheviiafesg
whose periodic direction is the Y-axis direction formed on
the surface (lower surface) of scale plate 21. Further, X
heads 60B and 60D configure X linear encoders (hereinafter
appropriately shortened to “encoders”) 70B and 70D (refer to

15 TFIG. 5), respectively, which measure the position of wafer
stage WST in the X-axis direction by irradiating measurement
beams on scale plate 21 and receiving diffraction beams from
the grating whose periodic direction is the X-axis direction
formed on the surface of scale plate 21.

20 The measurement values of each of the encoders 70A to
70D are supplied tomain controller 20 (refer to FIG. 5). Main
controller 20 obtains positional information (including
information on the 6z rotation quantity) of wafer table WIB
(wafer stage WST) in the XY plane, based on measurement values

25 (output) of at least three encoders (more specifically, at
least three encoders which output effective measurement
values) facing the lower surface of scale plat 21 on which
diffraction grating RG is formed.

Liquid detecting device 80 (refer to FIG. 5) is installed



25 (output) of at |east three encoders (nore specifically, at |east
three encoders which output effective nmeasurenent val ues) facing the
| over suMfAtYP4ekal e plat 21 on which diffraction gra‘f'%&z%/oggz”
formed. Liquid detecting device 80 (refer to FIG 5) is installed WO
2009/ 139491PCT/ JP2009/ 059232 18 ar ound®nozzle unit 32. Liquid

detecting device 80 is used to detect the residual state of liquid Lqg

on the upper surface, (e unper suifage,ofopLats R & sl srudable

et her ere 1s any residual liquid or

not. 5 Li qui e ti.ng4 hC i | &hya bt G- Hiet A sieSadieal
state of ﬁ%&wcg Ecﬁlgo%gtgﬁgﬁégotgggg?eéfin%n@hsur ﬁ%e (an arhg?eof a

predet er mi ned ,3p88 Siridee UPPYLa3 bageodfvatat a2l d WEBYdONgLN e
area t hrough whicth the neasurenent beans from each encoder head and

di ffracti emueaments omhditiamatieae 16 grat inegiREaderiivdwid A mMthe
measur ement beam pass) of encoder heads 60A to 60D. Li c_1Lu' d
det ect § ng Idepiiced@dechthgdbavier B0l | gmad rdet BEEAHEL S6E6Ts2 §5F 58%1
80c, and 80d (refer to FIG 5) which have a gonfi ur tion(si ]l__gé d#
a nul ti pl etedienoff bearidslgRthitifo SROEeRSFECE o Sy EEEM %?r%n
obl i que incidence nethod, di scl osed ,i.n

Pat ent Unééé?ﬁ%e%qeéjaﬁad}gqqﬂﬂ it f%e{éﬁ%§?%§8§%lé€@%ese
' .S, 8 Lo .
(correspon Icggrlcgggq éc%ae;e%%a pﬁrguéﬁ whseh ARd hdSshikRefONSEShd N O

an irradiatt a photodetection system In the nultiple

point 20 facy| e[?ﬁ!-cﬁ:terpq?é-atci Uhdled ect 0 Systiians Zr@nsdiffmacision

detected using a change 1n light quantity of a reflected light from
each ggt ecl o RPRBLAOH ey Waber tisel lecace tement bghn passsl viErgpcoder
el enment via a slit that occurs when a position of the wafer surface
in the Z- adsdgdigoctionsm Z position) shifts from 25 the best focus
position. On the other hand, in liquid detecting sensors 1gjlé)a o 80d
of the enbodi nedAtiguile dedsatulalg deitici8 i RFHIRF i Yot eti& e usi ng

2 change 10 110h guenti Ly ofog, rebl eched, |LabtadhomeRsh detets! o)
which have a configuration similar to a multiple point focal
15 point position detection systemof an oblique incidence method
disclosed in, for example, Kokai (Japanese Patent Unexamined
Application Publication) No. 6-283403 (corresponding U.S.
Patent No. 5,448,332) and the like consisting of an irradiation
system and a photodetection system. In the multiple point
20 focal point position detlection system, a Z position is detected
using a change in light quantity of a reflected light from
each detection point on the wafer surface to a light receiving
element via a slit that occurs when a position of the wafer
surface in the Z-axis direction (a Z position) shifts from
25 the best focus position. On the other hand, in liquid
detecting sensors 80a to 80d of the embodiment, the residual
state of liquid Lq is detected using a change in light quantity

of a reflected light from each detection point on the upper

surface of wafer table WIB to a light receiving element via



surface of wafer table WIB to a |light receiving elenment via WO

2009/ 139491PCT/ JP2009/ 059232 19 a slit of the reflected |light by the
i nfl uenc¥ IV ERANd Lg remmi ning on the upper surface (ﬁc'%g’fz%ors’/&é%ﬁ?)?e
WIB. As shown in FIG 2(A), liquid detecting sensor 80a has an
irradi ati on system 80al and a phot odetltion system 80a2 5 which are
pl aced opposing each other at a position symmetric with respect to a

f . 0 : S'tion symmet! . ect

v ough. oft FAalE i Eiket B BRePactLaR Ry K7 LY RTNE e TR o

side of 11000 IRIH epAEHA Guilddid bAgacd nasrnsers 80a has a
0] etect

plurality ion poirnts Ma arranged al ong the X-axis

direction at a pcedebpprmpetidl gt @nce l(i\%rl]ltilaedé&e&tdﬁgoéehisqni810a has
i mrersion area ALg (refer to FIG 2(B) i ch shows an enl arged vi ew
of a circlg Griradib@ic( Aystariowder anidna piotadéayect henpsyshent §0as
detection points on which each of the detection beans are 15 .
i rradi Bt edvtisnatei plasedatepos hiyeaktialdihemnd psPRRHbIWRORASS EMIr C
and narrow detection area Ma extending in the X-%;({;s di r ect,i o;{ .
—axls

bet ween i niddi aEismecdy $icem SRECERRFD ot ettt | TR t'H difa

11 adi at | SRR BB ETRACSEBHEEOTETR T Orp L S BOLY W e
Svstem B0RPthRD GO Pl th TRt (R o o e AR R o
o1 0] 01| 0G| ATyt Gy 25 Y S e eet hg ceneor 80D hac &
plurahpty 0f:fel efd iO-10dd Sa Mn@rtiagedaad ongi tdet Xoaxas airection

at a predeterm neddi stanceonthe -Y side of liquid inmersion area ALQ.
predetermined distance on the +Y side of liguid immersion area
ALg (refer to FIG. 2 (B) which shows an enlarged view of a circle
¢ in FIG. 2(A)). However, in FIG. 2(A), the plurality of
detection points on which each of the detection beams are
15 irradiated is not illustrated individually, and is shown as
a long and narrow detection area Ma extending in the X-axis
direction between irradiation system 80ai; and photodetection
system 80a;.
Further, as shown in FIG. 2 (A), liquid detecting sensor
20 80b has an irradiation system 80b; and a phvotodetection system
80b2 which are symmetrically placed to irradiation system 80a;
and a photodetection system 80az, respectively, with respect
to a reference axis (not shown) in the X—-axis direction which
passes through optical axis AX of projection optical system
25 PL. Liquid detecting sensor 80b has a plurality of detection
points Mb arranged along the X-axis direction at a
predetermined distance on the -Y side of liquid immersion area
ALg.
As shown in FIG. 2(A), liquid detecting sensor 80d has



WO 2009/ 139491PCT/ H2009/ 059232 20 an irradi ati on system 80d2 and a
phot odet ecti on sgystem 80d2 which are placed opposing each other at a
posi ti onMMIHY with respect to a reference axis (notCEH3NNO5252
the X-axis direction which passes through optical axis AX of
projection 5 optical systemPL, on the0+X side of liquid i mrersion
area ALg. Liquid detecting sensor 80d has a plurality of detection

points Ml arranged along the Y-axis direction at ,.a predet ]

di st ance BnohrrhdéiakiepdaysEeri §lifd et ﬁhﬁ#%é%%?%ﬂqort rsgsfeleréhfgao'%
2 (B) ) . 10Further, as shown in FIG .2 , 4 1.9ui d,.det i $ensor
80c has aWhifPadFathGFey SPHASAS Ak 8\(_5‘%&%%6%1;&&%'%%025% em 80c?2
which are s trically pla - adi: at i,0n+S s hem 8Qdl rard xaaxis
phot odet e@ﬁ%ﬁ?ﬁgﬁgk gBd?, %y%gs?%%élﬁev%%f v&ﬁ?h respe():t to a reference
axis (not dg@%gg)iop“wﬁféhzgé‘é%és difRaidBpthicel dkipassest phodegition
optical axis of projection optical” systemPL. Liquid detecting
sensorg 80¢ghagaa Bhutaki by, Obnderectiosipel oifs INguack dmged sdicon g reide
Y-axis direction af a predeterm ned di stance on _the -X side of liquid
i mer si onparea MLguid@ite deitrer seosopd Gd bakte pdugipd itaoPf éatardipn
referred to as M that |iquid detecting sensors 80a to 8Qd have
surround lpiodmites Menewrgiaogest & Mgy, thes iHyasion @ 2

Ll dent al |y e rradiat,on ovst ers 200 £ e RROL PG GAd AN
area ALg (refer to FIG. 2(B)).

10 Further, as shown in FIG. 2(A), liquid detecting sensor
80c has an irradiation system 80c; and a photodetection system
80c, which are symmetrically placed to irradiation system 80d;
and a photodetection system 80dz, respectively, with respect
to a reference axis (not shown) in the Y-axis direction which

15 passes through optical axis AX of projection optical system
PL. Ligquid detecting sensor 80c has a plurality of detection
points Mc arranged along the Y-axis direction at a
predetermined distance on the -X side of liquid immersion area
AlLqg.

20 All detection points Ma to Md (collectively referred to
as M) that liquid detecting sensors 80a to 80d have surround
liquid immersion area ALQ, as shown in FIG. 2(A).

Incidentally, the irradiation systems and the
photodetection systems of liquid detecting sensors 80a to 80d

25 are supported by suspension from a mainframe (not shown) which
holds projection unit PU, along with nozzle unit 32. In this
case, the irradiation system and the photodetection system
which make a pair with each other are placed at positions where

irradiation of the measurement light and receiving the



25 are supported by suspension froma mainframe (not shown) which

hol ds projection unit PU, along with nozzle unit 32. In this case,

t he irraﬁ(&%qo?fﬁf’s’é%tem and the phot odet ection system whdHEREREY32
pair with each other are placed at positions where irradiation of the
measurenent |ight and receiving the M 2009/139491PCT/ JP2009/ 059232
21 reflected light fromthe surface of plate 28 are possible, via the

openi ng section (or light transmtting section). of ale plate.21.

| rradi at i eefdpsted gd@%tcérx’pirfg@hengwn < Od%tpé&%iené%S %&?&F%ﬂ@e'

i rradi ates nmeasurenent, beans whi ch are .,obl.iquely j.nci.dent RNt

on wafer VA ENRTBRRRHIOY £5EHOH t(iotfnglol t egcal%sﬂlr?e 1%§]g§ﬁ%&%ﬂaoio?ﬁ s

Ma. Phot odet ecti an ,syst.em 80a2 receives the reflected |ights of these
neasureneﬁtcag'@aﬁg‘aftr%%]\mafer tabl e WIB, and outputs the detection

results (Signal%I%%dﬁgﬁﬁp%h%gskggh%O%HaEEEEYgQEithlEQﬁEQCH@debkghb

from each detection poin main controller 20. The other liquid

det ectgng $080b 808 ataBdm8Qduakmentupetmsnwhicka ateridariqreaniner
as liquid detecting sensor 80a. Liquid detecting sensors 80a to 80d

i rradi at e itz iRARUIENRYiMEars ofa e drestlentWiRiadtialy asms dpsirteloned
obliquely incident toward the upper surface of wafer table WIB ip the
manner desdr ébel cebolre dettgaithion ratet s Ma -t hBhpEgdekeabesn fots ‘?eé‘hgpﬁz
@Wepﬁg%?gﬁg from

on wafer table WIB, reflected lights of constant quanti.t
const ant | yrefeistaedhar rebkeC A detdhg? Bgias?ﬁesb?/ m_f@sé%
[oCel V19 LS e YIS, SSReShus Rhol gusLeck Loty syoker. [oumier
Gecr olles iRain ThAt FeRREl ol o bR TR e PR
is reflected diffusebys 2 by, theid i GthgkoBredezect Mg sutien lhange
in light quantity, |ITquid detecting sensors 80a to 80d detect the
resi dual si@t&cting sensors 80b, 80c, and 80d also function in a similar
manner as liquid detecting sensor 80a.
Liquid detecting sensors 80a to 80d irradiate
15 measurement beams of a constant quantity which are obliquely
incident toward the upper surface of wafer table WTB in the
manner described above. In this case, if the liquid does not
remain on wafer table WIB, reflected lights of a constant
quantity are constantly detected at each detection point by
20 each light receiving element of the respective photodetection
systems. However, when the liquid remains on wafer table WTB,
light quantity of the reflected light detected by each of the
light receiving elements decreases because a part of the
measurement beams is interrupted, or is reflected diffusely
25 Dby the liquid. By detecting such a change in light quantity,
liquid detecting sensors 80a to 80d detect the residual state
of the liquid on the upper surface of wafer table WIB

corresponding to the photodetection surface of encoder heads

60A to 60D. The usage of liquid detecting sensors 80a to 80d



;)1; Eﬂe Iihq;Ji(cji on the upper surface of wafer table WIB corresponding
he phot odet ection surface of encoder heads 60A to 60D. Th
of Iiqui VYEOXEINAY sensors 80a to 80d WO PCT/IP2009/055537

2009/ 139491PCT/ JP20091059232 22 (liquid detecting device 80) will be
described in detail later on. In expogare apparatus 100 of the
enbodi ment, wafer laser interferonmeter system (hereinafter referred

to as- "wafer 5 interferoneter systeni) 18 (refer LG ,5
nmeasur e t Héigosidtdeheotinafdavisieagl) \P\%B'?Ii,:L Pf?o‘%‘"’p%‘ﬁ‘ﬂ%ﬁ?gﬁﬂ %ﬁ%ﬂgg(r}earter

system 70. As shown in FIG 3, wafer interferometer system18 is
equi pped @t-h a Y interferonmeter 18Y which irradiates a 10 plurality

T7a"of ved or 1 abPCPUREE AR FERR R T 1T GrorT or e e ' A ot or e
or hore t?%%é% erometer system (hereinafter referred to as “wafer
5 interferometer system”) 18 (refer to FIG. 5) can measure the
position of wafei stage WST, independently from encoder system
70.

As shown in FIG. 3, wafer interferometer system 18 is

equipped with a Y interferometer 18Y which irradiates a

10 plurality of measurement beams in the Y-axis direction on
reflection surface 17a of wafer table WTB, and an X
interferometer which irradiates one or more than one
measurement beams parallel to the X-axis direction on
reflection surface 17b, and this X interferometer includes

15 a plurality of, in the embodiment, two X interferometers 18X:
and 18X%,.

The substantial measurement axis in the Y-axis direction
of Y interferometer 18Y is a straight line (the reference axis
previously described) in the Y-axis direction which passes

20 through optical axis AX of projection optical system PL and
the detection center of alignment system ALG which will be
described later on. Y interferometer 18Y measures the
positional information of wafer table WTB in the Y-axis
direction and the 6z direction (and the ©x direction).

25 Further, the substantial measurement axis in the X-axis
direction of X interferometer 18X; is a straight line (the
reference axis previously described) in the X-axis direction

which passes through optical axis AX of projection optical

system PL. X interferometer 18X; measures the positional



measur enent beans parallel to the X-axis direction on reflection

surface JPapodsdsdhis X interferometer includes 15 a pl ' in
the enbodinent, two X interferoneters 18X1 and 18X2. T%@%@%ﬁiz%

nmeasurenent axis intheY-axis direction of Y interferometer 18Y is a
straight line (the reference axis pre@?ously described) in the Y-axis
di rection which passes 20 through optical axis AX of projection

optical system PL .and t egtl t | 1
which wil n. 8%‘3&5‘9%&#%5&%% %ﬁa&ﬁ% i%ﬁ‘?erg e?%ﬁg?dgg&%gtdﬁeasu?e@;ﬂaﬁg
posi ti onalthlen_fGQr '

_ (S - Waher thablee, WEBddtitdi .Y-axis direction and
the ez dlrectlon@?an fhe g%’directﬁ%ﬁ). 25 Further, the substanti al

measur enent axi gui-ihkhe Xhaxhsasirasdnorasals ¥4 Ht nterbeeometd8Xu8is
a straight line (the reference axis previously described) in the

Cor Al Sy S P S e o e o Lenk Teasr s, the pogy 1 onal VD
2009/ 1394@bRCTRIR2AGD5E282RdE alignment system ALG. X
interferometer 18X; measures the positional information of
wafer table WTB in the X-axis direction (and the 8y direction).
Incidentally,insteadofreflectionsurfaces17aand17b,
for example, a movable mirror consisting of a plane mirror
10 can be attached to the end of wafer table WTB. Further, a
reflection surface inclined at an angle of 45 degrees to the
XY plane can be arranged on wafer table WTB, and the position
of wafer table WIB in the Z-axis direction can be measured
via the reflection surface.
15 The measurement values of each of the interferometers
of interferometer system 18 are supplied to main controller
20. In the embodiment, however, positional information
(including information on the 8z rotation quantity) for
position control of wafer stage WST (wafer table WTB) within
20 the XY plane is mainly measured by encoder system 70 previously
described, and the measurement values of interferometers 18Y,
18%X;, and 18X, are secondarily used in cases such as when
long-term fluctuation (for example, by temporal deformation
or the 1like of the scales) of the measurement values of encoder
25 system 70 is corrected (calibrated), or as backup at the time
of output abnormality in the encoder system. Further, in the
embodiment, main controller 20 computes the positional

information of wafer stage WST (wafer table WTB) within the

XY plane based on measurement values of each of the



information of wafer table WIB in the X-axis direction and the Oz
direction (and the By direction). Further, the neasurenent axis
of X int G 20N 18x2 is a straight line in the X adGHFPRO595A
whi ch passes through 5 the detection center of alignnent system ALS.
X interferometer 18X1 nmeasures the po<itional information of wafer
table WIB in the X-axis direction (and the By direction)
Incidentally, instead of reflection surfaces 17a and /17b,

exanpl e, dnkerdsiremeitersy donsifay Agter %rﬁ%%sr}f%—rerﬁol%%t e

attached to the end of wafer table WB. -Furth fl.act
ncl i ned #FeARCRGRESH 545 %@ﬁ%é&e& it (€8 g i B e

€ arrange
waf er tabl nd the 03| NEB- @ S
di rection g]é)r\ff%t?é Sia e re eqroc)tr]@?ue? ace. éj('115clil'ik.1tgclz £
measur ene Ergpdaiﬁe,elws f wheh efdrey et iarg
system 18%arn\e@sogpﬁ'lncé’f Eﬁéggbrr%%i%grﬂf:]gglfér In tTgewenbodl ment ,

hoveveg, Roy %b%&%hohnfﬁrﬁafé@nsﬁawlm r(@falfféfxOltﬁtheoWTBm wiehr the
rotation quantity) for position control of wafer stage WST (wafer,

t abl e WIBjxwigiine B§ theoX¥rpbgstemsimi ahg beasdred Pye errieriration
system 70 previously described, and the neasurenent values_of

i nt er f er onetserls 1,8 jordigXiy s AP U off a1ae AOHHATS whisere ﬁP%éb%ads
such as when | on&é eimfluctuation, (for exa

def or mat i dPPokot nﬁkeleeet%léaépesl)mﬁefrﬁﬁf‘ ﬁé&éu‘?%ﬂfenﬁcir R aoiae

'?imr:nce)d;[ (ngf's ¥ eg]ﬁgPFrﬁllsfﬁé¥%g%’ﬁgar(e&%%g sys% urt%er B’naéﬂtﬂ%

P UG S S AR e 1 e L amc et o of

reasur eﬁer&tne@f@éozﬁét@@é?fbpfwéb@r M&@@@&&ﬁ&é&ﬁ@éeeﬁom/@ﬁezmm
not only secondarily for the purpose previously described,
but also for monitoring the positional relation between heads
60A to 60D and ligquid immersion area ALJ.

15 Alignment system ALG is an alignment system of an
off-axis method placed on the -Y side of projection optical
system PL away by a predetermined distance, as shown in FIGS.
1 and 3. In the embodiment, as alignment system ALG, as an
example, an FIA (Field Image Alignment) system is used which

20 is a type of an alignment sensor by an image processing method
that measures a mark position by illuminating a mark using
a broadband (a wide band wavelength range) light such as a
halogen lamp and performing image processing of the mark image.
The imaging signals from alignment system ALG are supplied

55  tomain controller 20 (refer to FIG. 5), via an alignment signal
processing system (not shown).

Incidentally, alignment system ALG is not limited to the
FIA system, and an alignment sensor, which irradiates a

coherent detection light to a subject mark and detects a



interferoneters of wafer interferoneter system 18 at a predeterm ned
sanpl i ng_i | (an interval which is nuch shorter tII:IE&B

generatig’rfp%@%{%é”of a control clock for controlling t %&P‘P(%%%f
waf er stage WST) when controlling 5 the position of wafer stage WST

(wafer table WIB) within the XY plane23y encoder system 70, and based
on the .conputation results, nonitors whether or not any one of the

four heads 60A to 6QD i s cl ose ¢, iquid,i .Si O j
| ocat ed V\FPﬁl’tﬁelrie&lu&&g#‘%n&rsiaoﬁl%rtjéfé—‘%%ﬁﬁ L19h8 geglpeg%a?c?elds;%{l/@ t|Hnes t he

10 enbodi ment., th f; i f 3
oo 0l G SN, Yot ol ganh o e | et ot

of waf er are used not ornly secondarily for

the purpo ' 1 PRE sl ke &P FERElIdNYighes being
posi ti onal%ﬁ'rfglrr%ﬁt%lﬁs ie/?%in headsS 60Aot o 60D arjfd liquid i mg'rersi on

area ALQ. gkFAl,gRmRnt nSysé eam Qiiredrical)i genentteysfeomofharsubject
of f-axis nethod placed on the -Y side of projection optical system PL
away by anpreddigeried dinst aetesctos sshowtdanfaaese 1Light 3.C3h t he
enbodi nent, as alignnent system ALG as an exanple, an FIA (Field

| mage Al i grarewia)l 19y Sreemsies! gdanansin ALipFampinatinh 6t e Gnnéit
sensor by an image processing nethod that neasures a _mark positi y
i |1 uni nat iadg cnmeayk SYSILRE %L‘gr R B E e &éfsﬁgﬁ‘dh%{%‘ﬁe%gﬁuég‘aﬁg%
l'ight such as a hal.,ogen | anp .and perform ' racessi he
mark i magét ﬁ"r’é?qcﬁ:é@ &rﬁagw‘noﬁlg( PC ar}eg%eén s%s e%’Ai%g%egmﬁ ’
suppl i ed %EfﬁoPg%%ﬁtpgg i?b%@&o%oPﬁ%ﬁﬁéﬁtﬁgnFN5i 2008/¥0888A3 can be
al i gnnment “sitgnal” processSing system (not shown) . I ncidental |y,
al i gnyignt e%?slt ALGis not limted to the FIA system and an

al i gnment sénsor, which irradiates a coherent detection light to a

subj ect mark angicdeiRelrs an ¥¥H2380H4 IB9HMRCTY IPX0F 05628 edinent,
scattered light or a diffracted |ight generated fromthe subject mark
or makes tavanuditfifglac trediid gfnca) frolink g ien fdebReEOR| FUELEB t he
sanme order or diffracted |ights being diffracted in, the sank t
direction)(@ﬁﬁﬁﬂnﬂﬁﬁﬁﬁrqhﬁq g%ﬁﬁqgﬁed to as a multipoin system)

AF (not shown in FIG. 1, refer to FIG. 5) by the oblique
15 incidence method having a similar configuration as the one
disclosed in, for example, U.S. Patent No. 5,448,332 and the
like, is arranged in the vicinity of projection unit PU.
Detection signals of multipoint AF system AF are supplied to
main controller 20 (refer to FIG. 5) via an AF signal processing
20 system (not shown). Main controller 20 detects poéitional
information of the wafer W surface in the Z-axis direction
at each detection point based on the detection signals of
multipoint AF system AF, and performs a so-called focus
leveling control of wafer Wduring the scanning exposure based
25  on the detection results. Incidentally, multipoint AF system
can be arranged in the vicinity of alignment system ALG and
surface position information (unevenness information) of the
wafer surface can be obtained beforehand at the time of wafer

alignment, and at the time of exposure, the surface position



5 mark interfere and detects an interference light, can naturally be
used al one or in conmbination as needed. As alignnment system ALG_ an
al i gnmentV@3WPAMPavi ng a plurality of detection areas TGHE2HROS¥RIE
disclosed in, for exanple, U S. Patent Application Publication No.
2008/ 0088843 can be 10 enpl oyed. More@eer, in exposure apparatus 100
of the enbodinent, a nultiple point focal point position detection
system (hereinafter shortly referred to as a_nul ti poi nt AF syst drJ:.) AF
(not showiniforRRGion apéimsasugement SplEest pe %6#?58@6@5 5 %Ireﬁ et

met hod having a simlar configuration as the one,disc in, I
exanpl e, é%s?ﬂpﬁlﬁtsr:ﬁﬁ eN&F’dS,rArIZL%? é§§le§%&%°ﬁs i?tﬁrk%?d% %ajrfg%gé%%er? ?ﬁlg
vicinity of prqjectio it PU. tect] i I DOI F
system XFaaPE’ngﬁ'&ni é’% 't% er’rﬁﬁa#e ([))ﬁ:ta%oel %E)p%g%ﬁié’?fggeto }Eé%OSZ;nav}?as an
AF Signalgg&%%ﬁ%ﬁ%ﬁga$QN§%§Eﬁm%é tﬁf%%%”%he MBLpa¢oBHI £bd @S 12%Feling

i I

detects p iona ntormati on of e wafer Wsurface in the Z-axis

di rectd on at..eagh HetrGid,O0f poi nt based on the detection signals of
mul ti poi nt system AF, and perforns a so-called focus |eveling

control of wafernWedgbsaget dgpscanasnh0ex phsoiriee ased, 2 are meticle
detection results. Incidentally, nmultipoint AF system can_be arran&ed
in the vi ®,nktyabt af igginerite sydpmeNiGetectdorasyspeyst 1af and 1
information (unevenness_infornation) of the fer. s ce_can_be

obt ai ned befcdr shawe an FRE- t} merofeinaier 1 %@ﬁt?qﬁw@ glfhrt%%gb‘%i%e
of exposure, the surface position . 2009/ 139491 R 126
i nf or mat i &?%%gﬁﬁ’é’ﬁeﬁgl& IHE?S\(;\& ggl f eisf?}(la%téD ecéls;%rzé)??%@

exanp] ¢, an encoder, .anjintertero [, 1an tHild®) deleeldity a

pOSi ti@n 9 e IREEtH tgﬁfzggt%%%;elr g@%?”fa%%e%ftnr}%hé 7axis direction can

be used t o, REILiygn L2+ 805CRbA ethd 90uSaLEvalda: &u €oMhach eintEdETeM

I n exposure apparatu furthernore, above reticle R, a pair of
reticle alzjcgr\fﬁ‘taﬁjeat]?%%{n%m_SYéSit@{Sl ISfo easls 138 ¢ywteshomot | shew@ - 1,

refer to FIG 5) of a TTR (Through The Reticle) nethod which uses

light of the exgumu & davel bhgth diagram showing a partially omitted
control system related to stage control in exposure apparatus

15 100, along with a liquid supply device and a liquid recovery
device. This control system is mainly configured of main
controller 20. Main controller 20 includes a so-called
microcomputer (or workstation) consisting of a CPU (Central
Processing Unit), ROM (Read Only Memory), RAM (Random Access

20 Memory) and the like, and has overall control over the entire
apparatus.

In exposure apparatus 100 configured in the manner
described above, on manufacturing devices, reticle alignment
and baseline measurement of alignment system ALG are performed,

25 in a procedure similar to an typical scanning stepper (a
procedure disclosed in, for example, U.S. Patent No. 5,646,413
and the like) using reticle alignment detection systems 13A

and 13B, a fiducial plate (not shown) on wafer table WIB and

the like previously described, and around this time, wafer



10 is arranged. Detection signals of reticle alignment detection
systens 13A and 13B are supplied to main controller 20 via an

al i gnmenV&104E94%r ocessi ng system (not shown). RE T P2609{089232

bl ock di agram showing a partially omtted control '

systenr el at edt ost age control in exposgrye apparatus 15 100, along with
a liquid supply device and a liquid recovery device. This control
systemis mainly configured of main controller 20. Main controller .20
i ncl udes alsgnmehtetEmhanoedfpobel Kbignpekst @Ponyheshdiseiagloped

CPU (Central Processing Unit), ROM (Read r RAM. (;Rand

Access 20inendey)exgiapife U iSee Pa&S5R 5?'0&%§P%ﬁn%%%lt%%&&ﬁ%egmd
entire apparatus. I_n exa(r)sure apparatus 100 configured in the
manner deSBfi béSaBdPe PeSh OfBREr act uri ng devices, reticle alignment

and basel | ne megeytenEnt, ofRlbgREnS o SSIRIL Gl A OLR 25 1

a procedure si an typical Scanring stepper (‘a procedure

di scl gsedy| e 646 el rshdite rieiskd
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using re etection systens 13A and 13B, a fiducial

pl ate (noprshgunpzeriwatesnbabhe MWinns ¢hecHe ke fumewldgnment, and
descri bed, and around this time, wafer WO

2009/ 139491F6H¢ dPRAOA@EI232 R satirgneErt reBntrahe &l 663 PALGidt
(EGA) which is disclosed in, for exaanee, U.S. Patent No. 4 78%11617
and t he | bepshard atdead idte waferpdi-f of d.eXIPHéH,renﬁPﬁréBﬁPPoPVe 50
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the reticle stage RST and wafer stage WST previously described
is performed, and a movement (stepping) operation between
shots where wafer stage WST is moved to an acceleration
starting position for exposure of the shot area. Further, in
15 exposure apparatus 100 of the embodiment, on the scanning
exposure described above, illumination light IL outgoing from
reticle R is projected on a sensitive layer (a resist layer)
on wafer W, via liquid Lqg supplied in the space between wafer
W and tip lens 191 of projection optical system PL. More
20 specifically, liquid immersion exposure is pefformed. This
allows a pattern of reticle R to be transferred in each shot
area on wafer W.
When a pattern is transferred on a shot area in the
periphery edge of wafer W during the exposure operation by
25 the step-and-scan method described above, ligquid immersion
area ALg (or a part of the area) formed on wafer W by liquid
Lg may move from an area above wafer W to an area above plate
28 of wafer table WIB by the movement of wafer stage WST, and

may furthermore move to the area of heads 60A to 60D on plate



st ep-and-scan nethod is perforned by alternately repeating 10 a
scanni ng ex%gsure operation where synchronous novenent of reticle
stage RSWOMQNRAY st age WST previously described i s &Y BRMEES24Ad
a novenent (stepping) operation between shots where wafer stage WST
is noved to an acceleration starting pegsition for exposure of the
shot area. Further, in 15 exposure apparatus 100 of the enbodi nent,
on the scanni ng exposure descri bed above, . C

i 11 uni nat 28nl | Dt dtivet gednds r dreads i €0k T | &0 e Q@ Lot 4 Os dirdit Y e
|l ayer (a resist layer) on wafer W via Iiguid lgg SUﬁBHed Ln._the
space bet wmmaradber aweandld-p Fefis 393h8¥SpRopEErPoNEREI taF 4y st em

PL. More 20 specifically, liquid_j rsi Qn _expos i or ned.

Thi s al | oWBMETE&CReAF S5t ALG i%@1ser %eﬁfeat RS eo% Zl(?a?in%ggfh shot
area on wafer en att s tr for 8 0ATR $hal mFea
in the peri phey\éneaggtgfm‘gmgpgfgm}éﬁrh?r?giﬁqg%%;&st?reaopéréiati on by 25
the step-andysc thod degebibegamboy e hdddl@od )i, "Eesiseasmeat@a shlap
(or a %ar?ggp%tﬁgogrge%?% orf(red on c;j/l\x/girper Wby liquid Lg may nove from
an area ahove Wafeh \Mi bt & 0\t doE Heinfg viafterr taied WIB by
the novenent of wafer stage WST, and may furthernore nove to the area
of heads @RAtker) ox phat eaviD=290B/ 4304B¢Per/ DP2D0WA % I £ OXgixg

I n other words, heads 60A to 60D may enter into liquid inmersion area
ALg. FI G 13gsticdnvsmmessaon astes ALEi g §hErEfe MGy AF ear ALd'\q%rq%ébgg]‘rVe'd

a part of head 600. In a state where |liquid i rsion area Akg;
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as a neasurenent be from.head 600 .bei | pt t ,
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position of wafer stage WST in the XY plane cannot be controlled

properly.
Tn the embodiment, in order to avoid such a situation
15 from occurring, as previously described, main controller 20
computes the positional information of wafer stage WST (wafer
table WTB) within the XY plane based on measurement values
of each of the interferometers of wafer interferometer system
18 at a predetermined sampling interval when controlling the
20 position of wafer stageb WST (wafer table WIB) within the XY
plane by encoder system 70, and based on the computation
results, judges whether or not any one of the four heads 60A
to 60D has approached liquid immersion area ALQ. And whenmain
controller 20 judges that either one of the heads (for example,
25 head 60C) has approached the liquid immersion area, main
controller 20 performs position control of wafer stage WST
in the XY plane based on the measurement values of the heads
(for example, 60A, 60B, and 60D) (the encoders configured by

the heads (for example, 70A, 70B, and 70C)) besides the head



10 case head 600 was included in one of the three heads used for
position control of wafer stage WST in the XY plane, the position of
waf er st ¥R2VEB%HH t he XY pl ane cannot be controlled prpﬁzngﬂwop%@ he
enbodi ment, in order to avoid such a situation 15 fromoccurring, as
previ ously described, main controller 220 conputes the positional
information of wafer stage WST (wafer table WIB) within the XY plane
based on neasurenent values of each of the interferoneters of wafer

i nt erf er ortEoer espspém, 18ead $0sredet er mi ned sanpling interval when

controlling the 20 position of wafer st T (wafer. tabl

within the XY pEarididsy C@r?@od@heﬁﬂ“s%‘?noifgg?ﬁ\:? E%J—é’c?elolﬁf Fg‘é’%svgr@tate
conputation results, judges ther. or.n f dieads
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controller_ 2Q.j.udg a It Jhe headse( Lorsedamt a.igghid
head 60C) pﬁgge&ﬁg‘rgggﬁﬁgdﬂ?%g ??guv?%eil(rﬁ?er Sion area, main controiler
20 per £ or N5 POSHLHOR eQNtTR], AhdvefinStage WhEd mdvenetit plhesead HEed
on the neasurenment values of the heads (for exanple, 60A, 60B, and
60D) (the ;gngpdaksts witi gy mbbyrthe ineadasitor 1 byahgl BymFOALOTFRea
and 70C)) besides the head WO 2009/ 139491PCT1SP20091059232 29 (for
exanpl e, hgag 680)n other wordhi s cdsee fhetshaferefliye d ImRanHtqy

shows a state where wafer stage WST proceeds in the +Y g}er 0%8n ffﬁ)m
a positi omungeeRABahBhe 500 \R&S F A tEF W hRe-3FeF Y Tt Pﬁu 5

i mrersion area ALg, and along with this novenent., h i

to exit afthds EAEEY iHPLT NG Fitagﬁd"% s |Soﬁna?}é%q'§fa,§9gf:jc|§ﬁﬂot er
words, a state just before liquid i .S e fi i d1g
hr oubR t RS PER YRR RdT Er R 71 S Lol A Sioh ASREE f
moves in the gy hd't'i'l%Ctakgg E580e1Reb8es RO d PRra3N@OC MBvEEGWdy from
l'iquid i mersi area ALQ passes through the area above head 600 and

head 600 Mpv&s AVEBY¥nd#FONBd | 48l ATFRradN Rremdtngl anttnat tomoread
situation, head 600 comes to function properly (restores its
function) euul dwass GAC Harchionserbper bps{testorent tos HAnegkieR) stge
WET.

head 60C can be used in position control of wafer stage WST.

15 However, supposing that when some of liquid Lg remains
on (the upper surface of wafer table WIB (the upper surface
of plate 28) corresponding to) the photodetection surface of
head 60C after liquid immersion area ALg has passed through
the area above head 60C, a phenomenon such as a measurement

20 Dbeam of head 60C being interrupted, scattered, or the
wavelength shortened by the remaining liquid Lg may occur,
which may keep head 60C from functioning properly.

Therefore, after liquid immersion area ALQ has passed

through the area above any of heads 60A to 60C, main controller

25 20 detects the residual state of the liquid on the upper surface
of plate 28 corresponding to the photodetection surface of
the head, using liquid detectiﬂg device 80 -(ligquid detecting
sensors 80a to 80d) previously described.

An example of the detection of the residual state of the



15 However, supposing that when sonme of liquid Lg remains on (the
upper surface of wafer table WIB (the upper surface of plate 28q)_

cor r espond? 4% he phot odet ecti on surface of head 6d85Té4Pt28?9/ SY%32i d
i mrersi on area ALg has passed through the area above head 600, a
phenomenon such as a neasurenment 20 besmm of head 600 being
interrupted, scattered, or the wavel ength shortened by the remaining

liquid Lg may occur, which may keep head 600 from tionin
properly. liquid Wi’hérré?‘fbbé,d%$@3é¥b?¢qlﬁﬁqrrﬁ?é}%?:8rﬁﬁ$‘ga 6#(@ ﬂasG (F) .

passed t hrough the area abgve any qf heads. 60A.ta i ;
control l er 25 2F18et & EREYSeS &?Fé’ltes%ftfé’r@f ﬁﬁ?ﬁ%&&u{%‘%ﬁﬁ fe tO
upper surface ,of .pl ate .28 correspandi ot t 1 e
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sensors 8Qa, 1,0 10 desey | bag: +ARsexagRbe @ik heordeiertdon
of the regcféé’ula 9@ at(ggggkt#géé[% S 0ho/ 13055 15CT) 1P20001059232 30

| i qui dgwi Idg now e iessid b s ref el nhidrdd Gon GA)waDeB(gble WIB
FI G G?A) shows a state before head 60C enters into liquid i mrersion
area ALg, @iy Witklget RETHONeMRYttlofeavdfeady difloe @XBIPWal eheadageOh,
WST). In this state, main controller 5 20 is to neasure positional
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(for exanple, heads 60A, 60C, and 60D) _i ncl udin ZQ@ d %0% fo

posi tion cehkoMTs (vafer sEdge WHB (wdfefISPag! %O. 14 e %%.e TH
to 6(F), the sane heaq.60C.is  ilJustrated as.a ed_ci (7
doubl e- 1 i RERAPYSG A& é)l(iélﬁ&r&t@cﬁ 661 838029F§F‘e0%g%9%u??i%‘é‘gég?rgjrré d
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nmeasure the positional 1nformation of wafer table WIB. 15 1In the
enbodi menty o aRashirid €MEGHSS Yt Tesel i heth riet irorc ofit waf ¢ e rt 220 aiiiBy oasd

the positional relation between heads 60A to 60D and |iquid imyersion
area ALQ, tisé nglpnsids=ordlrdinf dndiciacesop skdee hene herrl GR&F é6 not
stage WBT) which- is constantly neasured using wafer ntgr; ra%q%ﬁ&B.
syst em 18.used to measure the positional information of wafe
15 Tn the embodiment, as is previously described, main
controller 20 monitors the positional relation between heads
60A to 60D and liquid immersion area ALg, using positional
information of wafer table WTB (wafer stage WST) which is
constantly measured using wafer interferometer system 18.
20 And, main controller 20 is aware when any one of the heads
comes within a predetermined distance of liquid immersion area
ALg. For example, in the state shown in FIG. 6(A), main
controller 20 is aware that head 60C has approached liquid .
immersion area ALg, and before head 60C enters into liquid
25 immersion area ALg, changes the head used to measure the
positional information of wafer table WTB from head 60C to
a head which has not been used yet (for example, 60B). After

this change, main controller 20 controls the position of wafer

table WTB based on measurement values of heads 60A, 60B, and



20 And, main controller 20 is aware when any one of the heads cones
within a predeterm ned distance of |iquid imersion area AL For
exanpl e, WHh20HE3%Mat e shown in FIG 6(A), nmain control I]@T/Q’g‘“?%’s%?\%re
that head 60C has approached liquid i mersion area ALq, and before
head 600 enters into liquid 25 i mersixan area ALqg, changes the head
used to neasure the positional information of wafer table WIB from
head 600 to a head which has not been used yet (for. exanple, %éﬂ
After thi $0fhanacidanhaddnrbh|ehe 2oneRinrens, t"fj{éﬂrﬁ)s’qbﬁ &IPS Ttk
tabl e WIB based on neasurenent val ues of head xicﬁQB and, AMgr
2009/ 13949 EREH TP Hesres92eads 68A. tPnEPHAMR |JtJ;H % TSt ent
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nDnltored u3| e p03|t|onal i nformati on of wafer table WIB (waf er

stage WBT) JBASIHEGtSids BRrReader0y 8bes0B0andsliqnid asmeersion area
unnmeasur abl e state of positional 10 information (X, Y, Oz) of wafer
t abl e WIB p(whfeam stlage BASHonsittdriean tuesl gy it earmo idn aee lrievigwraak 1on
such as in a case when the switching of the heads can_be perforne
within a shbmaﬂem@ab\lﬁeWT\Raf(@ﬁf?éibEEaWBWﬁ%Q/e@e*P%u’E%% R retIon
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Then, dlrectlon romthe
state shown iy F 't%e élag% ?aﬁolge DVEFe 20 QU h ldsddidai §8BE Sigen
area ALQ as gHown 1 n C), and passes sone of a plurality of
detection 1@% 81 e |éfIU¢IQe des 864 | BGn S0 Ses T BOMedniiguth ng shaut d
detecting device 80. G. 6(C) shows a state inmmediately after head

600 begi nstime pass such detection points Ma. 25In this case, nmain
controller 20 begins the detection of the residual state %ln this
case, residue prisemosferf Habdw ATE)m@veshdnphbeoddt LEPERISHr FREE Bf

head 60C, using liquid detecting sensor 8%& which i UId etectin
devi c&580 ﬁ@@tehﬁh@wgpb%l?l%alﬁgA ) meBeAFE ehieht SBERRE +%ﬂ+ r?@ﬂ?ﬁ??Sﬁ

area ALg accompanying the movement. FIG. 6 (B) shows a state-
immediatelyaftertheheadbeginstoentertheliquidimmersion
area. Then, when wafer table WIB moves further in the +Y

direction from the state shown in FIG. 6(B), head 60C moves

20 out of liquid immersion area ALg as shown in FIG. 6(C), and
passes some of a plurality of detection points Ma of liquid
detecting sensor 80a configuring liquid detecting device 80.
FIG. 6(C) shows a state immediately after head 60C begins to
pass such detection points Ma.

25 Tn this case, main controller 20 begins the detection
of the residual state (in this case, residue presence) of
liguid Lg on the photodetection surface of head 60C, using
liquid detecting sensor 80a which liquid detecting device 80

has. More specifically, measurement beams from irradiation



WO 2009/ 139491PCT/ JP2009/ 059232 32 system 80al of |iquid detecting
sensor 8Qm #os1ddisadi ated on a plurality of detection %I?jp%dy%sgygz

t he upper surface of wafer table WIB (the upper surface of plate 28)
In this case, because apart of detection points Ma are

| ocat edonhead60C, 5 a part of the neasdrenent beans are irradiated on

t he upper part of head 60C. And, along with the novenent of wafer

bl e WIB, head 6QC.fi nishes, i ng .th on
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in FIG 6("l n e novenent of wafer stage WST in the +Y

directi 0nw%?%rh\?é}glQ%@Qﬁﬁ@ﬁlﬁﬂgﬁﬁﬂﬂfgééaﬁﬁ boatpaists NMm thhsmcase,
controller nonitors the light quantity of reflected lights

detect ed BycauRleusaba iy oFf dbtgbticeqeiiding Mal eneritecatied eachead FHC,
receiving el enment individually corresponding to detection paints Ma
of phos odet petritonfsysteme86azemehttheans ghre gl digtedrrn ithey iR
value or a tinme average value of a predetermned ti mq%i cl ugi ngcd_;tbl"ie
head passipagt AEdRRA t89€ | | Bofd 3 ¥ART ¥idh BRe oW He Ofef P oBT e -°
lights 20 respectively detected at the plurality.of i 1Vi

el enent s @TFTBphS{e@tﬂiels(Q)ét FORLEPEF P BHLBY| hﬁﬁ'ﬁ?%x?%?%#%% f%&glgén% Dgh?'
all the light r iving_ el enents j cﬁ%{g | £f 20ndeted i
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head 60C. Ih’}ot@-l? case, as shown 25 in FIG 6(E), main controller 20
can start tto use ‘head 60C again instead of anyone of the other heads,

in orger to measwiad hesinsd hewalid FIo. e Cprehegssf eo a4 abhéeWtBwn
Meanwhi |l e, when liquid Lg remains in the area on the upper surface, of
waf er tablig, Wi ( the uppssng wifdcechof mphwdmeent of wafer stage WST 1n
the +Y direction and head 60C passes through detection points
Ma,maincontrollerZOnwnitorsthelightquantityofreflected
lights detected by a plurality of light receiving elements
15 (each light receiving element individually corresponding to
detection points Ma) of photodetection system 80az. If the
light quantity (an integrated value or a time average value
of a predetermined time including the head passing through
the liquid immersion area) of the reflected lights
20 respectively detected at the plurality of light receiving
elements of photodetection system 80a; is approximately the
same at all the light receiving elements, then main controller
20 detects that there is no liquid Lg remaining on the
photodetection surface of head 60C. In this case, as shown
25 in FIG. 6(E), main controller 20 can start to use head 60C
again instead of any one of the other heads, in order to measure
the positional information of wafer table WTB.
Meanwhile, when liquid Lg remains in the area on the

upper surface of wafer table WIB (the upper surface of plate



WO 20091139491PCT/ JP2009/ 059232 33 28) corresponding to the
phot odet ection surface of head 600 after head 600 passes througﬁ
59232

liquid i POV ea ALg as shown in FIG 6(F), becaudé Y Hgo
measur enent beans of |iquid detecting sensor 80a are interrupted or
scattered by liquid 5 Lg, of the plurgaBity of light receiving

el ements of photodetection system 80a2, |ight quantity of the

reflected lights detected by sonme of the light receiving e
cor r espon@Bhgcooraspantiog ﬁ@t%@@ikﬁpEﬁﬁ?ﬁ%é%&PQw%ﬁ %%%dfégggggﬁoc

area on the upper surface (the f f,
tabl e WBagberebpaAdiRG Pa e 5 G0aG: S JIPEIEs O%;B)ésrsj?g"s%qm%fser

t hrough, decreases_npre the |i i ;
[ights FeﬁéegédlByF’B@he?w?g h]?e‘f?%‘él%‘%vt%%%‘g‘%geén@n?@é.n{r%éeﬁlo?tlﬁgﬁuﬁ d
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Cs edy, gt eat 64 19 s e 1afgHthe-ddeghti e erlianarg: lefirent s
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state shown in FIG 6(C) changes iﬁto a state showmn in FIG 20 6(D)
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head 600 passes sone detection points Ma. In thjs case, . mi
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quantity of the reflected lights detected by other light
receiving elements. Therefore, main controller 20 detects
that liquid Lg remains on the photodetection surface of head
15 60C in the case when light quantity of the reflected lights
detected by some of the light receiving eiements described.
above decreases more than the light quantity of the reflected
lights detected by other light receiving elements, while a
state shown in FIG. 6(C) changes into a state shown in FIG.
20 6(D) along with the movement of wafer stage WST in the +Y
direction and head 60C passes some detection points Ma. In
this case, main controller 20 continues to use the three
remaining heads except for head 60C to measure the positional
information of wafer table WIB.
25 As described, once the head has been detected to have
liquid Lg remaining on its photodetection surface, main
controller 20 does not use the head to measure the positional

information of wafer stage WST until the head passes through

liquid immersion area ALg again and it has been detected using



WO 2009/ 139491PCT/ JP2009/ 059232 34 liquid detecting device 80 (liquid
detectingisensors 80a to 80d) that liquid Lg no | onger renain

S.
Accordin (9%00?/ﬁ39é%3posure apparatus 100 of the enbodi merkCAHP R/ Py d?
heads are installed on wafer table WIB, in the case when two or nore

5 heads are detected to have liquid Lg4remaining, or in the case when
residual liquid has been detected in one head, and then residual

liquid is detected in another head before the one head is det%ﬁ}e to
confirm t BaguiiHedetestangr devaasl 8P fli @uidy, IRt tPeiRnggrs BV to
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to Crour. 118 hidd B8 6aSR.0f faad @i 4es ¢Hebed bain Wien cnyndrie

the heads raw to thé +Y side fromliquid i mersion area ALqQ,
mai n cont kAl l@r 5 20 fAatastsd weehhoe 1harel Ly salairshdyadr Linguhe d@se

not, using liquid detecting sensor 80a which has a plurality of

det ect i onypeinntesfdakect i guidreas)bddn atetidre 2D invosedbead, | argitden

i mrersion area ALg. Further, when any of the heads w thdraws from

li quid i mresdidomlandaualdy it defeectbediige anaiderx hgah Pfoghdhe Wle

of the liquid imrersion area, main controller 20 detects.gheiggr L 4
B8i hg>+74Tr o+
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possible. Therefore, five or more heads can be installed on
wafer table WTB so that such a situation is less likely to
occur.
15 As in the case of head 60C described above, when any of -
the heads withdraw to the +Y side from liquid immersion area
ALg, main controller 20 detects whether there is any residual
liquid or not, using liquid detecting sensor 80a which has
a plurality of detection points (detection areas) Ma on the
20 +Y side of liguid immersion area ALg. Further, when any of
the heads withdraws from liquid immersion area ALg to the -Y
side, the -X side, or the +X side of the liquid immersion area,
main controller 20 detects whether there is any residual liquid
or not, respectively using liquid detecting sensors 80b, 80c,
25 and 80d having a plurality of detection points Mb, Mc, and
Md on the -Y side, the -X side, and the +X side of liquid
immersion area ALg, similar to the case when using sensor 80a.

As described in detail above, according to exposure

apparatus 100 of the embodiment, main controller 20 monitors



WO 2009/ 139491PCT/ JP2009/ 059232 35 the positional relation between
heads 60 and liquid imersion area ALg, based

neasuren@’réﬁ)gg?ﬁé% of wafer interferoneter system 18 (%12#2%03{9?9232
system 70), and when any of the heads is recogni zed passing through

liquid imersion 5 area ALg, one sens8b of liquid detecting sensors
80a to 80d of liquid detecting device 80 is selected according to the

proceeding direction of wafer, 6 stage WST at the ti :
|iquid detaet PAgiséAsalL #RA3R1ARS %E%‘ﬁe’%gﬁl%%‘?%dé,dﬁe" ?ée}fsl? g’ﬁlﬁt Hgtqéltlg
of liquid,Lg on,the photodetection surface_i

head (thel &%Bs@gﬁﬁdgfq’s FHee N a&?dﬁ ?irlr%%%gﬁn%%g\r%egg%\%aﬁfpg’s%ggg)

2Ln{]$§?|se?t%%t %?%%I[r)leggqr §9§tgﬁtﬁt(iogn ESHLLSs a7 0O BRHEMWhen any

erefore,"marn controller 20 can neasure the
posi tional,d pfar gL ien; of - 4ed &1 séages Yy dHidudihe Deaipl dmemenssiary
t hree heads ose liquid 15 residual state on the photodetection
surface i $,800d1G70baeSPEREbECOE] Yiqudd| dejedt ingesensgys of Ohdwl oA
to 60D. Accordingly, the use of the encoder head whi ch does not
function prfopegul dde teatrimeh deivijwied Sleris Miede B REGHEHAMR I thlh
surface can be avoided, which allows a highly 20 accurate, and a

stabl e megswcsmsinoUiteetiesi pfonaternFbrda: on of WAF e I8¢ add WY
Further, according to exposure apparatuys, 10Q of .the e i t,
because mdihe éd*rﬁ‘%é’l Id&tegﬁlﬁ’&f%gﬁ%orp %q]}ba’%&seueﬁlenée%g#r?d&'po%}feti on
control of wafer st W5 i £ h, Qi 5 egi sl Lagnat i
encoder heSRs eat s%g%ﬁo?ghgbéu]a%yﬁ?ioéuit %réh%}:ﬁﬁﬁaééﬁﬁltg ﬁeg@rf%@%s

phot oflet ecidan. i fage Aot | Athd X RaREE qpaAtdoRtdye Uiguid

st ep-and- scan ne econes possible to transfer a pattern of
reticle RiQp,&aChHshetaaIRA8s¥B] &JF Nésdls 60000 cpDexnd ithie dytedizlon

l'iquid i nmersion exposure 2009/ 139491PCT/ JP2009/ 059232 .
results output to main controller 20. Therefore, main
controller 20 can measure the positional information of wafer
stage WST within the XY plane, using three heads whose liquid

15 residual state on the photodetection surface is good (more
specifically, no liquid remaining) of head 60A to 60D.
Accordingly, the use of the encoder head which does not
function properly due to much liquid remaining on the
photodetection surface can be avoided, which allows a highly

20 accurate and a stable measurement of the positional
information of wafer stage WST.

Further, according to exposure apparatus 100 of the
embodiment, because main controller 20 performs position
measurement and position control of wafer stage WST with high

25 precision, using the three encoder heads that do not have any
liguid remaining on the photodetection surface also during
the exposure operation by the step-and-scan method, it becomes

possible to transfer a pattern of reticle R on each shot area

on wafer Wwith good precision by the liquid immersion exposure



36 by the scanni ng exposure net hod. Further, in exposure
apparatu JLhe enmbodinent, it is also effective t I
sequenceaioé%g%/?%é%l the residual state of the liquid forﬁép‘fﬂv%&g%g?éds
appropriately, 5 at times such as during an idle state of the
apparatus, at the tine of wafer exchald§e and the like. Therefore, a

sensor simlar to (the individual |iquid detecting sensors 80a to 80d
that configure) liquid detecting device 80 can be arranged at a
sui t abl e BYaEBeofREPNLRINSKRBSVL L Gt liquid i mersion 10 area

ALqg, such as for, e le, in the vicjni i 1®Rlidehtt, he
heads pass bef O%Brﬁﬁggbejg? n‘?ff%ogse%]fe e%}g%%%?igﬁs%&?%f t?%c% ental | y, in
t he enbodi pen e 21, LOR PRLRALS M @f S(étd{h%nfdéu&d ittt the
detecti nglg‘eeﬁéo;gggéogf?%lég%g)b g? ?quui det ectli ng device 80 were
placed s0,as;4@a3UEFQHOGbH BRPEI4RDEr 504510 the (réabls eppireipar adredy ,
ALq. However, as well as this, because liquid imersion area ALQ iS
wide i the Xiawiss sdicheaki dorihbene dlde mpatee of thse apperatitfe dad
hardly passes liquid inmrersion area ALq in the X-axis direction, and
in such athaseimehef detfect esnhpngatand détedidiken aFeasgierer e ISHAN
20 detecting device can be placed on_only the Y sides of |iquy

i mer si onsamédanlgo Nthe dpedvirea) yiaHe SeTeG N Saged S
be liquid detecti , 0 d, 80b,, which_h j j
Ve and b8 OPEh b BRIAERAS] LHEs S Hert A Agva cbrn Seliht BhaPRldE
25 d i bed wh i quj J t d
Cqut o defEct P e ap it B WP LR RRC kO optahlg aRie it ©

and tfe rg&j %”%hﬁt gﬁeh%s,tf&: |kt d 5 19etaet edchak tyher heasb st ion
has paSse hr Ou rquid inmersion area ALq. However, as well as
this, a |igyQ detiectHdtheseRs @as BN 130 AR iff iy 200 3059282 .

Incidentally, in the embodiment above, detection points

M of (the four liquid detecting sensors 80a to 80d) of liquid
detecting device 80 were placed so as to surround the periphery
15 of liguid immersion area ALg. However, as well as this,
because liquid immersion area ALg is wide in the X-axis
direction, there alsomay be a case where the head hardly passes
liquid immersion area ALg in the X-axis direction, and in such
a case, the detection points (detection areas) of the liquid
20 detecting device can be placed on only the £ Y sides of liquid
immersion area ALg. More specifically, the sensors arranged
may only be liquid detecting sensors 80a and 80b, which have
detection points Ma and Mb.
Incidentally, in the embodiment above, the case has been
25 described where liquid detecting sensors 80a to 80d that
configure liquid detecting device 80 are placed external to
wafer stage WST, and the residual state of the liquid is
detected for the head which has passed through liquid immersion

area ALqg. However, as well as this, a liquid detecting sensor



37 which configures a part of the |liquid detecting device can be
individual ly arranged at the plurality of heads nounted on wafer

st age V\Swog(l%/ﬁ”é%lgfor exanpl e, heads 60A to 60D. FI GS.P(%R/'R))ZO%?FPS”'}’@)
show a liquid detecting sensor 820 5 arrangedonhead60C, as an exanpl e
of a liquid detecting sensor individuah7ly arranged on heads 60A to .
60D. Liquid detecting sensor 820 includes an irradiation system 82Ca
and a phot odetection-system 82Cb which are placed proximate to a

housi ng ofhiehd RO idursisde wardr ofabhe WhEULd Cefieqtia fEVey& &A°
20 1 B S LY i AL M Rl i
P pec 1 caePy WA A RS T Ge8 or R i i) S WU
surface of plat ?E%%df“???‘*ic?{?&w@%“’lé ?@%H&dL&té&éih@%éﬂé@di%c&d

on scale plate ron grating RG from head 600 and

di ffragti o heans of HRASEH0ERRlaPeaERpLE]of ardi qB Heoscdihremtdmn

grating pass through. | rradiation system 82Ca irradiates a

nmeasur enentdaeamu8Q yweiratanigedobhi lemedy 60Ritdei0Don kaghidfdetreting

plurality of 20 detection points on the upper surface of plate 28. In
this caseseasahd@at imdEEes (a8 inteslisaigien oIy ot ¢y d i yht

incidence is set so that neasurenent beam LB is tq%%%l reflected
when t her @hotaetecien LT EmidacR) Bh Gt f% Bl R A T o0

PyStem 620h L SCol ep L0y Bl ocher L4t col. 28, s oIk bR A0

LMoL TR RAEL L S e ien pesiogly by ploce

o b oA P AELL SOt s gt cobucstinysatccr

82C has a plurality of detection points (or detection areas)

in an area (more specifically, the photodetection surface of

head 60C) above the upper surface of plate 28 where measurement

15 beams LB; and LB, irradiated on scale plate 21 (diffraction

grating RG) from head 60C and diffraction beams of measurement

beams LB; and LB, from diffraction grating RG pass through.

Irradiation system 82Ca irradiates a measurement beam

LBy, which is obliquely incident on each of the plurality of

20 detection points on the upper surface of plate 28. 1In this

case, as shown in FIG. 7(A), the angle of the oblique light
incidence is set so that measurement beam LBg is totally

reflected when there is no liquid Lg remaining on plate 28.

Photodetection system 82Cb receives the reflected light of

25 measurement beam LBy from the upper surface of plate 28. In

_this case, as shown in FIG. 7(B), when ligquid Lg remains on

plate 28, because a part of measurement beam LBy leaks from

wafer table WIB via liquid Lg, the total light quantity of

the reflected light from the plurality of detection points



38 detected by photodetection system 82Cb decreases. Therefore, main
controll detect the residual state (for exanple,. residual
presence?‘;%%’%?/ﬁgqﬂ quid on the photodetection surface &C%ﬁ@d@e%n
using liquid detecting sensor 82C by detecting 5 such a change in the
total |ight quantity. By arranging a liquid detecting sensor

simlar to liquid detecting sensor 82C on all of the heads

i ndividually, main controller 20 can const ag&léé det ect an, her d h%re
is any redetested kjyiPhosPIsEECEAOPHY I 84 TG f acE8S5FtHE 10

head, not to nmentjon ri an jdl t f .t ,

e of wePeR GRERARLLSAAD FRE JHEEE HPHOU ST oot b Y A o
to the ti 1gh ft th i 1 i i
area ALq. TEGTENGT BT TEERPS Choate CRa T on 4 o et e coraor o e

arranged qn ?1%%'?1 %%%dmsﬁ.?lg[’]qgﬂuqlde%t%fctti% ReRr dodheddsietecting

Further, in e descrip so far, the exanple was described where
mai n cont 1Qldrery 20,4 fLGlrs tMetdediall Neighd symtirtesd dual iquid or
not on the photodetection surface of the head by a Cherlr[]ighe in light
quantity of thepyedteshging iaght qul@ delriectt iing deneer edmisiagteilgawd
detecting device 80. However, if the anount of resjdual, liquid is.,
smal |, t heletenryine sencese SRFeant Al hehdtiedieads @ Y o5 s

function, and the neasurenent itself of_ the positi.,onal, .informatjon is
possi bl e SAWGEIR-&F rdft St GANSHRA Y rﬁjeeafs%ﬁ‘gﬁ@h?“?/%# e nf%érgy

case, 25 the err b i t hi 1.SS|

xaml o, e gtk b3rant PRF et S REYShn, JUEFRP o ¥
f f_ _the head b i j

cuant 10y G ate Mbr foere e P e i L o e e

detecting device 80 bR §hEsr B&handiDa2R0%hE39428PGH JIRE00 I REN2B2

39 the perm ssible anobunt of the residual liquidis to be obtained in
advance by axpestd@itomne titee liims boged aftgerohsshére has passed

t he nmeasurenent errors beforehand, and the amount of the residual
li qui d whitthrhash héemicbimmeesi¢n areabklget Further, in this case, the
liquid detecting sensor can be arranged on each head,
15 regardless of the number of heads.

Further, in the description so far, the example was
described where main controller 20 detects whether there is
any residual liquid or not on the photodetection surface of
the head by a change in light quantity of the reflected light,

20 which is detected using liquid detecting device 80. However,
if the amount of residual liquid is small, there may be a case
when the head does not completely lose its function, and the
measurement itself of the positional information is possible
although errors occur in the measurement values. In this case,

25 the error may be within a permissible level. Therefore, for
example, the amount of the residual liquid on the
photodetection surface of the head can also be measured by

the change in light quantity of the reflected light which has

been detected, using liquid detecting device 80. In this case,



5has ﬁ thLeisgold. Then, if the residual amount of liquid is |less than
the thresho mai n controller 20 begins to use the head again

j udgi ng MO0 1RSI ugh errors occur, the errors are V\ﬁtrﬁq/ﬁ’20°9/°59232
pernissible Ievel. Meanwhile, in the case the residual amount of
l'iquid exceeds the anpunt of the thresgsold 10 value, main controller
20 can judge that the errors are not perm ssible, or nore

specifically, that the head does not function properly, and %atn ,
deci de notthiegpemsei s Asbheamount of thengeaedval i B4 £RdS Bﬁsq ained

enbodi nent descri bed above, while th | & has_b d i bed.

}/\/ner e tvvo]:‘—@i #éﬁf@Flé?ﬁa PY1 SXBRELPSEL Bﬂggﬁggrﬁbﬁ%a%s\%ieegg?rhgecr%lbﬁe%eble
ower surface of scale plate 21 s_wel i i.ch
has two oﬂé'lid‘ier?eﬁ§i gl‘r?gl g‘&?ﬁPF&@FflgneﬁFg Fﬁ%%%%glé%ﬁﬁz(f?% i%{%}aﬁne%%%n

isin the Y-axisdir i.Qn 1 - aX{§ «di ti ] t4
be ar_rangéD_g % St %ggﬁﬁjagcéﬂg%&tdaﬁg{ﬁ{ h?ﬁ g%gtﬁh?gegégg,apfﬁetd%d’S&an
one- di gensjonaly didffsaet i amedr,al F rhabesedpeliaiuntdorecidwird is 1ess
the Y-axis direction should cover the area where Y heads 60A and 60C
may face eagh ehbethbyshbedponeienionfroddfer 26t agei MET o as¢ the head
one-di mensi onal diffraction grating whose periodic direction is in
the X-axi ag2frdi ractdiong stivat cedveugh lerzees ofere, XheadsredB ahd
600 may face each other. I ncidental ly,, _.as a cayse of output

aAEgo;Lrgl : Wﬁiﬁ@rmﬁ&mﬁ?%hemw ¢ i'guid'S SO ar ea
A9 and |, LS (ST Bl 09 00t ol oneteet L sbi acaenl e bead
rech SR’ HELAE TR, A AL adahe ket ertve- e
in the head and the Liker cadrdl $9:ber £oR51 dgrefat | fhéhBesasaobsounot
function properly, and can decide not to use the head.
Incidentally, in the first embodiment described above,
while the example has been described where two-dimensional
15 diffraction grating RGwas formed on the lower surface of scale
plate 21, as well as this, a scale plate which has two
one-dimensional diffraction gratings whose periodic
direction is in the Y-axis direction and the X-axis direction,
respectively, can be arranged instead of scale plate 21. 1In
20 this case, the one-dimensional diffraction grating whose
periodic direction is in the Y-axis direction should cover
the area where Y heads 60A and 60C may face each other by the
movement of wafer stage WST, and the one-dimensional
diffraction grating whose periodic direction is in the X-axis
25 direction should cover the area where X heads 60B and 60D may
face each other.
Incidentally, as a cause of output abnormality of the

head, besides the entry into liquid immersion area ALg and

liquid Lq remaining on the photodetection surface of the head



5 one-di nensi onal heads are provided on wafer table WIB as in the
enbodi ment above, while it is necessary to perform nmeasurenent of
posi t i onMO FUEPRY i on of wafer stage WST within the X\Pcﬁ/ﬁ’ﬁ@”@é?zﬁb
three heads | ocated outside the liquid i mersion area, the foreign
mat eri al adhesion 10 descri bed above may occur in one of the three
heads. In consideration of such a situation, five or nore

one-di nensi onal heads may be installed on the wafer table, as . n.t
second enbedimeptebébonly- dassetbad wca%ﬁor%%mrla

enbodi ment of the present invention w/l es ed ref err

FIG 8. Heteh anmeusinanddilg dnke arﬂ}”rﬁarrlafi%oﬁﬂ'&r‘ %‘a%s%%d He sam?r’
or simlar _sections asrnthefrrst b JY e etﬁﬁarhl%%gi
and a det &CeHGSSEER o P @gb %Itq%gl Sl rrp |J¥H§d rfj

20The expa p of 1t ?i(?l% ment, iksedi ff@r &y f rom
exposure %@aﬁ % H% 0%%*“ ahlgbfer rst enbodi nent previ c?us?lai descri bed
i n thes contl.au; %kh%&dﬂaﬂjﬂééﬁ§@ﬂ%rpﬁMﬁiéﬁdmthhaﬁEasuaB$etWEB as in

posi ti onal I nforrratr on of wafer stage WST, especially in the

pl acement 19fe RERRIEMJIAAGEre 2 vhidleri ts tisg e AR sany tte perform
configuration of scale plates, and as for other sections, the

confi gur atreamsuantherite offi kbei 804 Hei ek, infeamadiimg pf WafeKestage WST
description bel ow, the second enbodi nent will _ be described,

mai nl 'y on veddh rdittiee Fdh dulsang ﬁb’i%t’c&}q%ﬁ hepdhe PR %u%ifp@? a@‘t‘r

of the WD 2009/ 139491PCT/ JP2009/ Q592 1 secggglla %gtrl # l'iquid
det ect i ng SEHSS HSHILRD (RFFF qufy ]e%%qrhdnasensor (%? er to

OB st P B Yl W et pesde. 1o
Spec'flcmééhs | j Qi deteeting, a situation, five or more
one-dimensional heads may be installed on the wafer table,
as in the second embodiment below.
- A Second Embodiment

15 Next, a second embodiment of the present invention will
be described, referring to FIG. 8. Here, the same reference
numerals will be used for the same or similar sections as in‘
the first embodiment previously described, and a detailed
description thereabout will be simplified or omitted.

20 The exposure apparatus of the second embodiment is
different from exposure apparatus 100 of the first embodiment
previously described in the configuration of the encoder
system which measures the positional information of wafer
'stage WST, especially in the placement of encoder heads on

25 wafer stage WST and the configuration of scale plates, and
as for other sections, the configuration and the like is the
same. Accordingly, in the description‘below, the second
embodiment will be described, focusing mainly on such

differences. Incidentally, in the exposure apparatus of the



5 device 80 previously described is not provided. FIG 8 shows
a partiah%x omtted planar view of an exposure apparatus_ of the

h
second e YO As shown in FIG 8, in the exposure %B‘Q’rzg@@é%}?

t he second enbodi nent, four heads are placed al ong the four sides on
t he upper surface 10 of wafer table WA (wafer stage W5T),
respectively. Mre specifically, in the vicinity of one side of the
upper surface of wafer table WIB on the -Y side, four,_heads Ggfd 1oy
60A4 conf ispadnsyeabpdinenty (1 BN AP tEICAdRg SERE0TT Sd8Herth Fed YT

di st I t he side. 6QAL t 4 I .

i 5t ance. (A HIASPREEA A REGRoF| Ho G oL Gay 08 MBS ReLY
di st ance < gert ¥aRCERB W ot N "6F i thi"d el S1 G "ar e’ AT TH T
Spper  sur (RSO rEe PEBVE e G T Rer Tk E1SEY PRTLSE AR

+X si de, %o%gi%ggcg%e@?étte% 80B4 Gopéi %ééﬂ_ﬂi@am?ﬂ it i @0t éoting

heads 600 configuring a head unit 600, and four heads
60D1 tg 6Qf4 icanfd Myridig Gudleadieni +11600 s enpt aoeak tdledg t he
respective sides at a predeterm ned distance. The heads bel onging to
the same head urEIG.ae sHaced giaw: idilstaroe ttadjalanem W WwHt 3R of
liquid inmrersion area ALg in the arrangenent direction. 25Further. in
the exposexpempze apps retushef s&coneicend sahasHienthst BESRAWR A2y B1G-

plate 21 previously described, four scale plates 21A 21 210, an
21D whi ch %or#résﬂ@@nﬁxp@sﬁézfda@ﬁ?tr§t6’(§A9f65§? BBHO" nﬁ“%%%imengr 20

respectivel re d I | at 21 8 1

aned on 1dads Wi o9y SE5T B ARE Qi dnach et bBEfoe
si de, -t.he + i X, Si jecti

ot chP oy a TR RS Wl e OB A O e L e

the -Z si gé:?e@iff‘&@i%{pli%t £8e Al Ak P BE ofe ¥ietedbiBilsd @ppler surface

diffracti grating ose periodic 5 directionis in the Y-axis
direction s foFaEdalkLs tHeB , oonthée-Y omkde sufdaceheddscaPB: ptat ©@@R4

21B and 21D; a one-dinensional diffraction grating whose periodic
di rection ¢snthgthinX-axheadi netti 60A| sréopheded RAEhahpaEIBEFERETRE
to head units 60A to 60D irradi ates

distance along the side. Heads 60A; to 60A4 are placed at a

15 distance larger than the width of liquid immersion area ALQ
in the X-axis direction. Similarly, in the vicinity of the
sides on the upper surface of wafer table WIB on the -X side,
the +Y side, and the +X side, four heads 60B; to 60B4 configuring
a head unit 60B, four heads 60C; to 60Cy configuring a head

20 unit 60C, and four heads 60D; to 60Ds configuring a head unit
60D are placed along the respective sides at a predetermined
distance. The heads belonging to the same head unit are placed
at a distance larger than the width of liquid immersion area
ALg in the arrangement direction.

25 Further, in the exposure apparatus of the second
embodiment, instead of scale plate 21 previously described,
four scale plates 21A, 21B, 21C, and 21D which correspond to
head units 602, 60B, 60C, and 60D respectively are arranged.

Scale plates 21A, 21B, 21C, and 21D are placed on the -Y side,



10 a neasurenent beam (neasurenment beans) on the correspondi ng scal e
plates 21A to 21D respectively, and by receiving the diffraction

|i ght vmmz%ﬁ/&?r/‘%l by the irradiation, configures an erfddERIPEIRE o
70D) which nmeasures positional information of wafer stage WST in.each
nmeasurenent direction. The width 15 ofgpscale plates 21A to 21D is
sufficiently longer than the distance between heads adjacent to each
ot her belonging to a corresponding head unit, and two or nore heads
bel ongi ngthe axceridespahei Y soae, urind ¢cae ¥Xmsidenesuding fapesy end

scale plate. 20In the state shown in FIG 7, three Y heads 60
60A3, andoB0p#odECcthent omiirbdyY Hed™ FdingSE8SREAT it %BA’CGL?%W“

scale plate 21A. Further, of h .of f |
ni 15 603 SaESUD, (oS XE FREASORALIE iAo RE HeARS BOT3S g HH

COL31, B0003 300 ABE L85 SN ALASR PR A2 poriantc
O o SRR L G ] Wrectickhs BokRb Nondk 063, on
the lower surface of scale plates 21B and 21D, a

one-dimensional diffraction grating whose periodic direction
is in the X-axis direction is formed.
Each head belonging to head units 60A to 60D irradiates

10 a measurement beam (measurement beams) on the corresponding
scale plates 21A to 21D, respectivély, and by receiving the
diffraction light which occurs by the irradiation, configures
an encoder (702 to 70D) which measures positional information
of wafer stage WST in each measurement direction. The width

15 of scale plates 21A to 21D is sufficiently longer than the
distance between heads adjacent to each other belonging to
a corresponding head unit, and two or more heads belonging
to a corresponding head unit can simultaneously face a scale
plate.

20 In the state shown in FIG. 7, three Y heads 60Az, 60As,
and 60A, of the four heads belonging to head unit 60A face scale
plate 21A. Further, of each of the four heads belonging to
head units 60B and 60D, two X heads each, which are X heads
60B3 and 60B,, and 60Dz and 60D, face scale plates 21B and 21D,

25 respectively. Meanwhile, none of the four heads belonging to
head unit 60C face scale plate 21C. Further, at this point,
head 60C; approaches liquid immersion area ALQ.

Tn this case, main controller 20 judges whether any of

the heads have approached (or entered) liquid immersion area



In this case, main controller 20 judges whet her any of the heads have
approached (or entered) liquid imersion area WO

2009/ 139X Be¥ 13009/ 059232 43 ALg or not, based on pdG{rapR059232
information of wafer stage WST neasured using wafer interferoneter
system 18 (or the encoder system as iz previously described, and

j udges that head 60C3 has approached liquid i mrersion area ALg. Then,
main 5 controller 20 further excludes the head whose output_ is

B e e T o s TG
dus ooy s et i LT S e et
thr eshol d SPESCRFalPYETH! ?:3;'78t%ewaﬁ%yg@?%%f?‘ﬁadse%so_fﬂs %f%vitélef&
be det ectg’ﬁaﬁsﬁa@ g?ﬁlﬁp(frc?eﬂcggetsc% ﬁlgq‘géeﬁg@& 8%9' :??{eg?%%glt%f ':jgggreiﬁgg%#rgg

I s ObV%OU%Jnrt%flheer deg egl QL P Nei s ERTNesad MRl itld els 20

sel ects the necessary nunber of heads, such as, for exanple, three

heads, ff%gr{dl‘%nélembﬂim& plis Bhihy heladiceesidEsheaxabpte, Thettmads
case of FI 7, main controller 20 selects Y head 60A3 from Y heads

60A2, 60A%aaNd G TR Ak Isidat elmptlatde 299X haeih®0Bar¢+Hm X

heads 6033 and 60134 facing scale plate 21B, and X head 6004, from X

heads 60D&zaret B0 such as dust adhering on the head, in addition to
heads which were detected to have liquid remaining (or liquid

10 remaining that exceeds a threshold residual amount) by the
liquid detecting sensors provided in each of the heads. The
adhesion of such foreign materials can also be detected using
liguid detecting device 80 previously described, as is obvious
from the detection principle.

15 Then, main controller 20 selects the necessary number
of heads, such as, for example, three heads, from the remaining
plurality of heads.

For example, in the case of FIG. 7, main controller 20
selects Y head 60A; from Y heads 60Az, 6023, and 60A,; facing

20 scale plate 21A, X head 60B; from X heads 60Bs and 60B; facing
scale plate 21B, and X head 60Dy from X heads 60D3 and 60Dy
facing scale plate 21D, respectively.

Then, main controller 20 uses the measurement values of
the three heads 60A;, 60B;, and 60D; (encoders 70A, 70B, and

25 70D) to obtain the positional information of wafer table WTB
(wafer stage WST).

As described, of the plurality of heads, main controller

20 selects three heads (encoders) out of the remaining heads

that exclude the head in proximity to (or has entered) liguid



facing scale plate 21D, respectively. Then, main controller 20 uses

t he measurenent val ues of the three heads 60A3, 6034, and 6004
(encoder ¥OrYR/13P4%  and 25 70D) to obtain the positi ondCHHREPHEI33dN
of wafer table WIB (wafer stage WT). As descri bed, of the
plurality of heads, main controller 2@4sel ects three heads (encoders)
out of the remaining heads that exclude the head in proximty to (or
has entered) liquid WD 20091139491PCT/JP2009/ 059232 44 | nmer si on
area ALq,immdréﬂohhﬁmﬂnﬂégytm@dﬁ@a&hwmm@ﬁarsth@éﬁﬁﬁhWBéFgﬁdélPFaGFQ

i mersion area ALg but outputs abnormal neasurenent yal ues an(_jL by
usi _n?_ t hefu’_ea];sdeeﬂxequldallmé@réﬂophér?ﬁr B&ah xlts OUGBIEShSPRRETE
positional information of wafer 5 table WB. (wafer
Acc?rdingﬁ@ésﬂﬁ$m6%50§éﬁée§ppéPgtB§ BFlpﬁeggécgﬁasg%%%%ﬁ%3§gaﬁﬁgtOFé
configured an unctions in.the e ' : [ |
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Funct ion BRBEer I Caae LS aukES o af for ei gn mat er i al's ot her ¢ har
liquid will notahgovaedqf €b Eﬁéibk@ﬂs&ggﬁgg;agglg;}st$g;g:;mg%gh the
embodiment that is configured and functions in the manner
described above, besides being able to obtain a similar effect
as exposure apparatus 100 of the first embodiment previously
10 described, the head which does not function properly due to
adhesion of foreign materials other than the ligquid will not
be used for position control of wafer stage WST.
Incidentally, in the first and second embodiments
described above, as each of the heads 60A to 60D (encoders
15 70Atx>70D),whilezione—dimensionalencoderwhoseneasurement
direction is only in one direction (in the X-axis direction
ortheY—axisdirection)wasemployed,besidessudhanencoder,
a two-dimensional encoder whose measurement direction is in
both the X-axis direction and the Y-axis direction can also
20 be employed. In this case, main controller 20 can obtain
positional information (including information on the 6z
rotation quantity) of wafer table WTB (wafer stage WST) in
the XY plane, for example, using measurement values of at least
two encoders (more specifically, at least two encoders which
25 output effective measurement values) facing the lower surface
of scale plate 21 previously described on which diffraction
grating RG is formed.
Tncidentally, the placement of the encoders (heads) on

the wafer stage in the first and second embodiment above is



Incidentally, in the first and second enbodi nents descri bed above, as
each of the heagﬁ 60A to 60D (encoders 15 70A to 70D) , m@il ’
one- di rrequ PA%8Acoder whose measurement direction is ‘9’2&}?%8?'@2
direction (in the X-axis direction ortheY-axis direction) was
enpl oyed, besides such an encoder, a ®go-di mensi onal encoder whose
nmeasurenent direction is in both the X-axis direction and the Y-axis
direction can also 20 be enployed. In this case, majn contnoLIeQ%gp

o
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stage in the figstrand secongerhedi BNplakavey ian eMBoder head on a
20091139491PCT131320091059232 45 a nere%%xang%g, and the present

i nvent i on giys ARk bEN tReald bbdy dtorh esawpfer tablndddefvwaher Stage
backup encoder can be placed on each of the four corners of the fer
stage al omgTa ,r adimadirdigesstiam df drha Hheasdt o dsitrlaceturt Hete t\rq'?fe

t he case of placing an encoder head on a .
movable body while only the light-receiving section is placed

on the surface.

10 Further, in the first and second embodiments, while the
case has been described where a liguid detection sensor was
arranged, the liquid detection sensor does not necessarily
have to be arranged. In this case, an output and the like of
the encoder can be used instead, or the head which obviously

15 comes into contact with the liquid in the exposure sequence
can simply be changed in advance to other heads, without
performing any of the liquid detection. In this case, if
abnormality does not occur in the output of the former head,
the head can be changed again to the former head (reused).

20 Incidentally, in the exposure apparatus of the first and
second embodiments, the head exchange can be performed
similarly, not only during the exposure operation but also
during other operations, such as, for example, reference mark
detection, or measurement using a sensor on the wafer stage

25 (such as an uneven illumination measuring sensor, an aerial
image measuring sensor, an irradiation measuring sensor, a
polarization sensor, a wavefront measurement sensor and the
like). However, the wafer stage will need to have at least

one measurement member (such as a sensor), and a liguid



surface of a novabl e body such as wafer table WIB (wafer stage W5T),
a main section of the head can be placed inside the novabl e bo

whi | e onpv)?wgqﬂvﬁht-receiving section is placed on thgﬂg&#pg@ﬂ%9zn
10Further, in the first and second enbodi nents, while the case has
been described where a liquid detecti arg sensor was arranged, the

| i quid detection sensor does not necessarily have to be arranged. In
this case, an output and the |like of the encoder can be used instead,
or the heddmehisilonodemads yilsd bawestpnbe EOHRSLEtOM T RS qHAPS n

t he exposure sequence can_sinply be changed in,advance t her
heads, wi thout %é?—"FBPﬁir n§hEnpeGe ERE r@% FeBePELS .lelcﬁ Stq%[}lgaé:&gé,
if abnormality ,do not occ in the out . ,of e i ,
head can @é—s@n&ﬁgg—%‘ea 25F ©F RS Foret olegaldt %%Jl}seldgma&%g of ¥f

20l ncidental ly, i h osur a fi fd éﬁﬁéﬂﬁt
enbodinenf%ﬁa%ﬁﬁgﬁéggdg%%?%aﬁégﬁggﬁab%ﬁ%g§?gr%%gﬁgiiﬁééﬁﬁ%?? not cnﬂ%f

duringst h%q%@;ga%lé{ &1i0Retaki ABabuleaks® dHaBOwRLSRIwDDE TS iderssrideh
as, for exa , reference mark detection, or measurenment using a
sensor on jthewafer stage 25 (such as an uneven illum nation
measuring sensor, an aerial image nmeasuring sensor, an irradiation
neasuri ng sensorncddeatcardilzat iion endursta angy sfasmd msgeadiahts, a
sensor and the |ike). However, the wafer stage wﬁjl.negf t o. have at

| east one s downe header wpighhcas BeasRser§os HntPRet i Jif YFidag o
2009/ 139491PCT/ 3P2009/ 059232 46 i nmer si on mai n_ w | | e

formed on ithéhgafepxss fferection Cang?ret HE?,Q P HIST ke 8s8e (9%

ead” exchange can

med on A'éNGafars e dgetect FHEP” e nae Exchafige™can |
" or Rt choaRey s Pandi S EEER e JaR LhECRRE) holithe X aucte

gppar at us ife%gip&?gn&wré)h@d%%%‘&&%ﬁ?r@r st agesieh iskhsbe ) whose
escri bed Tater on.
measurement direction is in the X-axis direction and a sensor
(a Y sensor) whose measurement direction is in the Y-axis
direction can be used in combination.
15 Besides this, an encoder which can measure positional
information in at least one of the X-axis direction and the
Y-axis direction, and the Z-axis direction can also be used.
Further, for example, in an exposure apparatus whose
projection optical system and alignment system are spaced
20 apart, different scale plates can be provided in the vicinity
| (periphery) of the projection optical system and in the
vicinity (periphery) of the alignment system. In this case,
when exposure operation of wafer W is performed, the position
of the wafer stage'is measured by the encoder system, using
25 the scale board placed in the vicinity of the projection
optical system, and on wafer alignment and the like, the
position of the wafer stage is measured by the encoder system,

using the scale board placed in the vicinity of the alignment

system.



Incidentally, in the first and second enbodi nents, a sensor (or a
head) whi ch can neasure positional information in the Z-axis

directi oWEHPB¥4¥sed together, or a sensor (or 10 a heH B IRAPOBaAn
measure positional information in the X-axis direction and Y-axis
direction, or a sensor (an X sensor) whjose neasurenent direction is
in the X-axis direction and a sensor (a Y sensor) whose mneasurenent
directionis in the Y-axis direction can be used in conbination,
15Besi des t hi s, Fapthaepdar thhictbaiimerdashrre podiitlicohhe qafoRARtIseR
in at |least one of the X-axis direction and the Y-axis directiaon, d
the Z- axi sledicrébeidomheze & wofss dgdgrierometerygyshem wasy aé’%ﬁﬂe?

in an exposure apparatus whose projection optical st.em a
al i gnnent l§y§€iémgétpé RS %C‘S‘B‘é tSYRF$ T er wara%e l&rgaetre?;ercoénne Se

provided in the vicinit periphery). of_ th LQJ i tical system
and in t hEYFtEmiCOeEs( 'ﬁ?&ﬁ%)sao‘?l%cehaé’lt"i gtr?orréo(r)\ét %g/fst i this

case, when eXpoi‘ﬂE?tng%éﬁtlgﬁgl&Q%f‘ef}{]Sf tWd Smpsa i RERES addiR PRk tde

of the’wafer stage I's meas e encoder system using 25 the

scale board phagedabict et PhoreYeied drierokacthatonptscabp sysd ém
and on wafer alignment and the like, the position of the wafer stage

i s measur ed Ju i e ReRise sy f@naveansi nthd heresssaite hoeent ppracks 1oc
the vicinity of the alignnment system WO .

2009/ 139491REHHP2008h D59 28] 4An also bewrnmiared ite ehetahbs@FRATUTe
above, while the case has been described where a wafer interferaoneter

syst em wasppazaiged Sushaddi 8 6FSPFSthe EReBder SHSRITSTHe WAFEH-O"
TS OTet o1 YL 006, R0l TECEREALLLY IS LBLbe, AU scage

on which the object subject to exposure is mounted using an
encoder,positionneasurementerrorcausedkmrairfluctuation
can substantially be nulled, which is different from when
measuring the position of the stage using an interferometer,

15 and it becomes possible to position the stage with high
precision based on the measurement values of the encoder, which
in turn makes it possible to transfer a reticle pattern on
the object with high precision. Further, the present
invention can also be applied to a reduction projection

20 exposure apparatus by a step-and-stitch method that
synthesizes a shot area and a shot area. Moreover, the present
invention can also be applied to a multi-stage type exposure
apparatus équipped with a plurality of wafer stages, as is
disclosed in, for example, the U.S. Patent No. 6,590,634

25 description, the U.S. Patent No. 5,969,441 description, the
U.S. Patent No. 6,208,407 description and the like. Further,
the present invention can also be applied to an exposure
' apparatus equipped with a measurement stage including a

measurement member (for example, a reference mark, and/or a



has been descri bed where the present invention is applied to a

scanni ng stgﬁger; however, the present invention is not limted to
this, an®WQHRV/2}%¥ be applied to a static exposure appdEFOQPH3%s
a stepper. Even if the present invention 10 is applied to a stepper,
by measuring the position of the stagggon which the object subject to
exposure i s nounted using an encoder, position neasurenment error
caused by air fluctuation can substantially be nulled, which is

di f f er ent sbresrwaed weaslikey théfpasinti droof thiee vetgge stsidey &F
interferoneter, 15 and it becones possible to position . the stage with
hi gh pr ectddsoiosasednen fole creapiee nent eraRidonet EHe ¢, i ch
inturn makes it possible to transfer a reticle pattern on the object
wi th hi gh2pP&¢i09i¥8R4-Further, the present invention can al so be

liedt duct | jection_20 : -
Uop- and- ot 1t chPHEERGH | FAP SHHCRECIZEAoR Shof By BRCAny 3 eneP H4ead
st ep- and- st rtFéP 3 rea e ¢
ype. ckpbSrE Bt BasHRIr Bha o T R e bl 1r AT Ty of wes o et ages. s

is discloged . f oL exaiple rdhetion shatent, Dot 8168tH3bReither
descripti %%%Vlt %SLﬁ%t Pat'ent rﬁo. 5,969, 441 description, the U.S.

Pat ent N0 46 20814 &G HETE iRt sy tand dther hidomi Fiumdherysttdme mrebent
invention can also be applied to an exposure apparatus equipped wth
a neasur efeRtj kitAgm b@¢ﬁudﬂngyatema§bre&em@trmﬁi&wa(@kﬂpﬁﬁ&ﬁnﬁxit%¥'
reference mark, and/or a WO 2009/139491PCT/JP2009/ 059232 48, sensar_
and the | ibe) adisiof seanbef eohneked wad PP EFhGeSY HeCHi XD EFIH-O)
exanpl e, International Pub]j.cation No. 2005/9{%§}4 c_{:ureie]);;r then
magni ¥ catsystas, @R PilojaeiteP Toptiiea P10 1K S 117 en]E Fas e et
apparatus in each of. tlhe enbodi nen gﬁgy aydiot only a reduction
system bat? A6 T bléna&e[ I .aann egi?.lrul n':lgﬂrll%% ying systemor a
magni fyi ng syst %’Bg %%‘},pﬁﬁhﬁﬁ&la%ieﬂtifé‘tht steMmEE 1isnitaid el ¥narF
dioptric system Ji al'so nay be either a catoptric systemor a
cat adi opt rd\Gimer laser beam (wavelength 193nm), and can also be an
ultraviolet light such as the KrF excimer laser beam
15  (wavelength 248nm), or a vacuum-ultraviolet light such as the
F, laser beam (wavelength 157nm). As disclosed in, for example,
U.S. Patent No. 7,023,610, a harmonic wave, which is obtained
by amplifying a single-wavelength laser beam in the infrared
or visible range emitted by a DFB semiconductor laser or fiber
20 laser as vacuumultraviolet light, witha fiber amplifier doped
with, for example, erbium (or both erbium and ytteribium),
and by converting the wavelength into ultraviolet light using
a nonlinear optical crystal, can also be used.
Further, in each of the embodiments above, illumination
25 light IL of the exposure apparatus is not limited to the light
having a wavelength equal to or more than 100nm, and it is
needless to say that the light having a wavelength less than

100nm can be used. For example, the present invention can be

applied to an EUV exposure apparatus that uses an EUV (Extreme



10 syftgng and in addition, the projected i mage may be either an

I nverte r.an upright inmage. Further, illum.nnatio I.ght
IL is no W/llggdg]to an ArF excinmer |aser beam (wavel e#@ﬂﬁ?_@@ﬂ)%?g
and can also be an ultraviolet light such as the KrF excinmer |aser
beam 15 (wavel ength 248nm), or a vacuusgrultraviolet |light such as the
F2 | aser beam (wavel ength 157nm). As disclosed in, for exanple, U S
Patent No. 7,023,610, a harnonic wave, which is obtained Qy

anpl i fyi nglagstgnglle‘»tv)/a\lélgéﬁg@h 2 a8Ft BERFRY P | (% &d Yo SichiHite
range enmtte a DFB sem conductor | aser, or_fiber 20 |aser

vacuum ul teagecfeem |y GRLO Wt h Se3HesS SHER 37 3[95)855% S\Aﬁsﬁﬁ? p%cs?rsent

exanpl e, erbium,(or both.erbj umangd, ytteribi i
the wavel éRgERT CaY Fé&PofP%tangh%d u%%; n%ﬁ;gﬁ oon%n%ela%& po%%ﬁ%%% tHht
plr?/st al , %%%sa%%ﬁ%%&%%@tfi%wet RebLmd LRACH Ofard Ra LRARed MRS abaite,
i11um nati 2 | FL of the exposure apparatus is not limted to
the light ;havijag.a wavel ength equal to or nore than 100nm and it is
needl ess to say that the |light having a wavel ength | ess than 100nm
can be used. Forugxara,eint kachr efenhe rwibrtdioentan dveveppla ed to an
EUV exposure apparatus that uses an EUV (Extrene WO
2009/ 139421 RGEmMIRAG0AY 058R3Maa%k (reticle) is used, which is a
transmissive substrate on which a predetermined light
shielding pattern (or a phase pattern or a light attenuation
10 pattern) is formed. Instead of this reticle, however, as is
disclosed in, for example, U.S. Patent No. 6,778,257, an
electron mask (which is also called a variable shaped mask,
anactivenmskcn:animagegenerator,andincludes,forexample,
a DMD (Digital Micromirror Device) that is a type of a
15 non-emission type image display device (spatial light
modulator) or the like) on which a light-transmitting pattern,
a reflection pattern, or an emission pattern is formed
according to electronic data of the pattern that is to be
exposed can also be used. In the case of using such a variable
20 shaped mask, because the stage where a wafer, a glass plate
or the like is mounted is scanned with respect to the variable
shaped mask, an equivalent effect as each of the embodiments
above can be obtained by measuring the position of the stage
using an encoder.
25 Further, as is disclosed in, for example, International
publication No. 2001/035168, the present invention can also
be applied to an exposure apparatus (lithography system) that

forms line-and-space patterns on a wafer W by forming

interference fringes on wafer W.



Utraviolet) light in a soft X-ray range (e.g. a wavel ength range
from5 tgo 15 ri r‘94 Besi des such an apparatus, the present invention
can al so2UYMH to an exposure apparatus that uses *GHFGaY059232
particle beanms such as an el ectron beamor an 5 i on beam
Further, in each of the enbodi ments alggve, a transm ssive type mask
(reticle) is used, which is a transm ssive substrate on which a
predeterm ned light shielding pattern (or a phase pattern or a |ight
attenuati on 10 Mateewvey,ias fddsed@sachineatrbe®ard areli et 2R &
as is disclosed in, for exanple, U S. Patent No. 6 2]8, 257,.
& ﬁE }e to an

el ectron Aa§kl(@Riceh the Rreseakl Loyertian &6 3475 active
mask or an image generator, and incluydes, for_ex DV, R gistal
M crom rrSF‘PBé\‘/‘ir@e?PPﬁaﬁgP§ ﬁl%ﬁé’ oy Sngﬁq%e%lggélg%ﬁaq ype flljr%ag)eltaa
di spl ay device_.(spatial l.i.ght | .at ar. |d k@)1 1haMi LR, a
Iight-traﬁ‘sﬁirf)tj%ﬁ%lﬁé)t toé)rtr%‘,%}%%:tL g&?#&?ﬁ |%cr)l)r(1i %lgltn%%?:n, or an eni ss!yon
pattery i ’ | NG R BIEL S QR Jrftd Dfed hey patld efqurihiatg i s
to be ngp se% O(%g% gbg%%e ugg%. In the case of using such a variable
20 shapede%%lg,ur@cause the stage where a wafer, a glass plate or the
like is nounted is scanned with respect to the variabl e shaped nask,
an equi val ent effheddentaddgh ah thdeerbodi névitah ghded g B 3%t dthed

by neasuring the position of the stage using an encoder. 25Further,
as i s di sfloosed i(an dbjeekakect foeeRRPFBAS LPIBIIERERFIREIY Peam

2001/ 035168, the present invention can also he applied tq an exposyre
appar at us il iit 1RA)syidt &RHCH 1t Ci%é“edﬁgs saﬁh%et%peat Oear&%l%%

a vaf f(g We%nfp?l_rema@o'\lrentiesr fneorte Ciei\'n:lftreld-' ¥ 2 %Mﬁr ]:\/Mt may be other

objects such as a glass plate, a ceramic substrate, a film

member, or a mask blank.
The use of the exposure apparatus is not limited only
to the exposure apparatus for manufacturing semiconductor
15 devices, but the present invention can also be widely applied,
for example, to an exposure apparatus for transferringa liquid
crystaldisplaydevicepatternontoeirectangularglassplate,.
andjnlexposureapparatusforpmoducingorganicELs,thin—film
magnetic heads, imaging devices (such as CCDs), micromachines,
20 DNA chips, and the like. Further, the present invention can
be applied not only to an exposure apparatus for producing
microdevices such as semiconductor devices, but can also be
applied to an exposure apparatus that transfers a circuit
pattern onto a glass plate or silicon wafer to produce a mask
25 or reticle used in a light exposure apparatus, an EUV exposure
apparatus, an X-ray exposure apparatus, an electron-beam
exposure apparatus, and the like.
Incidentally, the disclosures of the various

publications (including Published PCT International



WO 2009/ 139491PCT/ JP2009/ 059232 50 Mor eover, as di scl osed in,

for exanple, U S Patent No. 6,611,316, the present invention can
al so be%?qogfasgf'%l an exposure apparatus that synthesi é?’?%09?08?%3él e

patterns via a projection optical systemand al nost sinultaneously 5
perforns doubl e exposure of one shot afea by one scanni ng exposure.
Incidentally, an object on which a pattern is to be fornmed (an obj ect
subject to exposure to which an energy beamis irradiated) in each of
the enbodnppiticadrisrise modi thed VLS .eRaksind dppidcadivgy HUHitEF 4B a
waf er, but may be other objects such as a %I ass I.ate,Eél erarric(;ted
subst r at e degchiilphimmtband ehe & fhs Paficaik desCTiPtiohs HRAT T e
exposure apparatus is, nof limted o to.the _expasur

manuf act uAPngheedf TORHRICT Sﬁ%ﬂﬁﬁ%e%f‘e(g&-to Fﬁgongée%E?%)%%trén %J%rgr%n
al so be widely .qpplied, far . I RPSUF e-Spaatdls for
transferri ﬁ'ﬁ{)eglﬁ]if ST é%égﬁr%ﬁ%fyéegje\al}l{bclgé&paﬁyern onto a

rectangul ar gl a&%cgdq%&l%aﬁn, AR RIHE APRRNALLES fte redifRidtired
organit ELs, thin-fil mnmagnetic heads, inaging devices (such as

CODs), ni GHIBYH Res s2@pENAEEha pStepnthétbe th&keurfairitdmipetfrrmance
present invention can be applied not only to an exposure apparatus
for producidig gri erogdey dees ceuchpas foemecond witegr wheye cesetphgledased
al so be applied to an exposure apparatus that transfers a circuit ,
pattern omtro thegldessignl stepoisshphuSackared 18 PEBAUFRSEE RASIRERT ofS

AppAr at US MR eSSBS B Bl RPRSE S %1 BT SR e S OB
R R L CE e T R L Sty e
2009/1394%&591%%F%RQQ49§38§%7the exposure apparatus in the embodiment
above, a development step where the wafer that has been exposed

is developed, an etching step where an exposed member of an

area other than the area where the resist remains is removed

15 by etching, a resist removing step where the resist that is
nolongernecessarywhenetchinghasbeencompletedisremoved,

a device assembly step (including a dicing process, a bonding

process, the package process), inspection steps and the like.

In this case, because the exposure apparatus in the embodiment

20 above is used in the lithography step, devices having high

integration can be produced with good yield.

Industrial Applicability

As is described above, the exposure apparatus and the
25 exposure method of the present invention are suitable for
exposing an object. Further, the device manufacturing method
of the present invention is suitable for manufacturing
electron devices such as semiconductor devices or'liquid

crystal display devices.



51 Applications), and the U S. Patent Application Publication
descriptions and the U S. Patent descriptions that are cited in the
description so far related to exposure apparatuses and the |ike are
each incorporated herein by reference.55 Incidentally, sem conductor
devi ces are manufactured through the steps of; a step where the
function/ performance design of the device is perfornmed, a step where
a reticle based on the design step i€lamasif actured, a step where a
waf er is manufactured fromsilicon materials, a |ithography step
where 10 the pattern forned on a mask is transferred onto an obj ect
such as the wafer by the exposure apparatus in the enbodi nent above,
a devel opnent dtep fg&%’fl@s‘ﬂqqém%ﬁ@ﬁ COHBYSIAGs been exposed is

devel oped, an etching step where an exposed nenber of an area other

t han the area wher @ mhEabledody whiehaholdsjan ohaerbt\rad substiyytially gnoyeg, aleng a
resist renoving step where the resist that is no | onger necessary
when et clpredgtdmasededameconpl eted is renoved, a device assenbly step
(including a dicing process, a bonding process, the package process),
i nspection steps anrdidlié siple devine twhich aaples heudumea turace o alseitm@vable
apparatus in the enbodi nent 20 above is used in the |ithography step,

devi ces Mhauy bg whidhthe BbREN i hicdRteddncliging b edfERb N hd dbjerod vyi el d.
I ndustrial Applicability As is described above, the exposure

apparatus and the 25,2%RPsHBatiFRl L5k clubBPIESRE] syVERN ti1REh BALliquid
suitabl e for exposing an object. Further, the device manufacturing

s e T
di spl ay %%Viicg %%adiatﬁ% ag &le@y beam on the object via the optical system and the liquid and
forming a pattern on the object;

a measurement system which includes an encoder system that has a
plurality of encoder heads placed on the surface of the movable body and that measures
positional information of the movable body, based on an output of a predetermined
number of the encoder heads facing a grating section placed parallel to the predetermined
plane external to the movable body; and

a detection device which is connected to the measurement system, and for
at least one of the plurality of encoder heads, detects residual information of the liquid on
a photodetection section of the encoder head and outputs the detection results to the
measurement system, wherein

the encoder system measures positional information of the movable body
within the predetermined plane based on an output of the predetermined number of the
encoder heads except for an encoder head which was detected to have liquid remaining by

the detection device.

2. The exposure apparatus according to claim 1 wherein



1. An exposure apparatus conprising: a novabl e body which
hol ds an obj ect and substantially noves al ong a predeterm ned pl ane;
a liquid supply device which supplies liquid on a surface of the
nmovabl e body on which the object is nodhted including a surface of

t he object; a pattern generation device including an
optical systemwhich has liquid supplied to a space formed with the

surface of the novahé esaad¥mettnSsRAl figihlr SRARIEALH AteHBNERr system Whlch
irradiating an energy beamon the object via the optical system and

the liquigeRpdst tp%El'E‘fszQ 1ﬁfo?1%51t1&{ Bf 8 HBGaROLESS at least w1th1n the fedetermined
measur enent system whi ch 1 ncludes an encoder systemth g
pIuraIit%)ﬁf encoder heads placed on the surface of the nnvable body
and t hat ‘nmeasures positional information of the novabl e body, based
on an output of a predeterm ned nunber of the encoder heads facing a
grating section placed parallel to the predeternined pl ane external
to the novabl e _body; and deteciloq_ vice which is
connected to tRe nedSEFRAMEE a@?%ﬁcc%qﬂigf%rc an 4 gdEt one of the
plurality of encoder heads, detects residual informtion of the
liquid on a phot oddhedetestion gleviceriescts the Esidvabintaengionnar dha higris by
the detection results to the nmeasurenent system wherein

t he encodeadigjng @ mazsursmerisbagnsen poHERCd off e meaviable byidyt resciingashredlected
body within the predeterm ned pl ane based on an out put of the

pr edet er mighefomuthd surfast, andeneasemuisthe ightgiaesityeyitthd wileetnd gltoder head
whi ch was detected to have liquid remaining by the detection device.
2. The exposure apparatus according to claiml wherein 53

t he measurement system further includes an interferoneter system

whi ch measur es 4posiThe@Rpbsutdipparnads 20oidingt b el \zabh&eody at | east
within the predeterm ned plane. 3. The exposure apparatus according

to claim1 wherein the detection dev‘i(féemq@ia?e%ttht@%éﬁ%&ﬁ@nﬂ@éaﬁf(v&&h@ obliquely
residual information of the liquid by irradiating a nmeasurenent beam

on a Surfﬁ&&n%gttﬁbesu?ﬁ}f@@tﬁeﬂ%d/ ble'b gg;l ving a reflected light from
e

the surface nmeasuri ng t I ght quantity of the reflected |ight.

5. The exposure apparatus according to claim 1 wherein

the detection device is placed external to the movable body.

6.  The exposure apparatus according to claim 5 wherein
the detection device has a detection area in a vicinity of a liquid immersion

area formed by the liquid.

7. The exposure apparatus according to claim 6 wherein

the detection area surrounds a periphery of the liquid immersion area.

8.  The exposure apparatus according to claim 1 wherein

the plurality of encoder heads include a first head and a second head whose



4. The exposure apparatus according to claim3 wherein t he
detection device irradi ates the neasurenent beam which is obliquely

i ncident on the surface of the novable body. 5. The exposure

appar atus according to claim1 wherein>4he detection device is placed
external to the novabl e body. 6. The exposure apparatus according to
claim5 wherein t he detection device has a detection area

in a vicifédshretfend dirb@iond drd B R SHONdRE@ RN RUNRL BYcohRQlideb i, Fespletivle
exposure apparatus according to claim6 wherein the detection area

Sur rounds g eyl %g%{na?‘:tﬂ Lh o'tlﬂeg ' fﬂe%pﬁé&{e%%d?ﬁﬁ%- afd. The exposure

apparatus according-to alm ere 54 neasur ehent directions are

inafirst directi e %H%ﬁdiﬁgﬁﬁfezﬁﬁﬂegg{gg% é@s?t%n%p inf‘éx%%eﬁla %éc%fvtg!rz] é‘lov\éﬁieco%dy

are orthogonal to eac eterm ne
t he encoder, .system nmeasures positional information of the able ..
body wi ¢ ATHPENGE Braaerarn Rehe easor mmadnoel o ot fer e hendgpicn
t hree encoder heads which jingclude at |east one of each of the first
and secoﬁH‘ﬂH‘éeaﬁg‘?aSQfmeT?@aél%Bg@ﬁ igstapd seenddeatscor ding to claim 8
wher ei n the grating section includes a first diffraction
grating which covers a range where the first head may face and whose
periodic direction is in the first direction and a second diffraction
grating whi ch Qoverkhezxpesvgeapgatates acherdingctosthimdasheraip f ace and whose
periodic direction is in the second direction.
the grating section includes a first diffraction grating which covers a range
where the first head may face and whose periodic direction is in the first direction and a
second diffraction grating which covers a range where the second head may face and

whose periodic direction is in the second direction.

10. The exposure apparatus according to claim 8 wherein
the grating section includes a two-dimensional grating which covers a
range where the first and second heads may face and whose periodic direction is in the

first and second directions.

11.  The exposure apparatus according to claim 1 wherein
the plurality of encoder heads include a two-dimensional head whose
measurement directions are both in a first direction and in a second direction, which are
orthogonal to each other in the predetermined plane, and
the encoder system measures positional information of the movable body
within the predetermined plane based on an output of at least two of the two-dimensional

heads.



10. The exposure apparatus according to claim8 wherein

the grating section includes a two-di nensional grating which covers a
range where the first and second heads nay face and whose periodic
direction is in the first and second dbyections. 11. The exposure
apparatus according to claim1l wherein the plurality of
encoder heads include a two-di nensi onal head whose neasurenent

directions are 1bot hyelxBoduré SipattheLsdcbRIMeddtldim @ wiegand direction,
whi ch are orthogonal to each other in the predeterm ned pl ane, and

the encoder systemfBasieSsdash LihQlds 53&9!&%&1&39&131@{%&[3% %Y@%Rrers a

body within the predetlermned plane based on an outp east

two of t ' o] 5 >q) e .o
ey e TSP gy e o IFRBRARRMGy i n e
section es_ a two-di mensional grating which covers a range where

incl u
t he tmo-&ﬂﬂﬁw 55020 dSEHPBay face and whose periodic direction is in

the first and second directions. 13. The exposure appar at us
according to claiml, the apparatus further conprising: a
drive system which drives the novabl e body based on positional
i nformation of 1Bhe TSy §¥RASUso APPARRIEH| AFCOINENE (@ BABY f fBE FParfdus further
14. An exposure apparatus conpri sing: a novabl e body
whi ch holcdgpasingbj ect and substantially noves al ong a predeterm ned

| ane;
g a drive system which drives the movable body based on positional

information of the movable body within the predetermined plane.

14.  An exposure apparatus comprising:

a movable body which holds an object and substantially moves along a
predetermined plane;

a liquid supply device which supplies liquid on a surface of the movable
body on which the object is mounted including a surface of the object:

a pattern generation device including an optipal system which has liquid
supplied to a space formed with the surface of the movable body, the pattern generation
device irradiating an energy beam on the object via the optical system and the liquid and
forming a pattern on the object;

a measurement system which includes an encoder system that has a
plurality of encoder heads placed on the surface of the movable body and that measures
positional information of the movable body, based on an output of a predetermined
number of the encoder heads facing a grating section placed parallel to the predetermined
plane external to the movable body; and

a detection device which is connected to the measurement system, and for



a liquid supply device which supplies liquid on a surface of the
novabl e body on which the object is nmounted including a surface of
t he object: a pattern generation device including an
optical systemwhich has liquid suppli®l to a space formed with the
surface of the novabl e body, the pattern generation device
irradiating an energy beamon the object via the optical system and

the liquig le%%ﬁe%f%ﬁ?lgﬁaﬁ?f%f @%:Bdarheta@se, d8RL&SLsidual information of #he liquid on

measur enent system i'ncl udes an encoder systemthat has a
pluralit : l.ac f Of. .t -

Brd t hat i RERAEE SIER7 oF VRE ol B B RRRLClhe) (ecB BeEe M HHe
on an output of a @redet rm.ned nunber of the encoder heads facing a

grating et?f?r(?ﬂleﬂﬁ 3(8@%& HMel to the pr edet er mi ned pl ane ext ernal
to the novabl e body

: nd a detection device ich is connected to.the
oasuremont sust omthe Adeetn Cagee iSRS B GRglar larmagPa LR o Jor o6

encoder heads, detects residual information of the liquid on a o
phot odet €8¢94sh head pihih bas pasecdethEQiebra Hawd aHeersign ugss farmed byt the diaygid,
results to the neasurenent system wherein o t he detection
devi ce déesssten theeosisiohduaforination aathcanoveblet bnslyl wighindhe predetarneined plepe
head whi ch has passed through a liquid i mersion area forned by the
i quid, hbasededbytlrempoeidnannsystéenmf or mati on of the novabl e body

wi thin the predeterm ned pl ane neasured by the nmeasurenment system

15. An exposure apparatus conpri sing: a novabl e body
whi ch hol ds an object and substantially noves al ong a predeterm ned
pl ane: 15. /0 bipabicd appituy colgpiigeg:whi ch supplies liquid on a

surface of the novabl e body on which the object is nmounted including

a surface of the olj &6lable body which holds RALILRR 28E REbRAAtRANY dBW S Glong a
d supplied to a space

i ncluding an optical systemwhich has |iqu
fom ed Vﬁ&éﬁﬁé&%h%H&EﬁEe of the novabl e body, the pattern generation
devi ce i aglatlng an energy beam on the object via the optical
system and the |iqui ] t )t obj.est

2 feasur ement syst oty Shithar 0de SR SRbBeE Rty SRRk of the movable
pluralit f encoder hgads pl aced.on t.he surface of .the novabl e body
P ¢ hat PalhefPEtthe PERETSPRRRY Aludithe SRS IRAAE Doy, based
on an output of a predeterm ned nunber., of the encoder heads.faci a
grating section pl ddEePageeraion viggan P@&gtaé‘r?ﬁtﬁé]dsﬁfeé‘h&%é%a]éarsﬁg‘lmd

to the novabl e body; and ) )
supplied to a space formed with the surface of the movable body, the pattern generation

device irradiating an energy beam on the object via the optical system and the liquid and
forming a pattern on the object;

a measurement system which includes an encoder system that has a
plurality of encoder heads placed on the surface of the movable body and that measures
positional information of the movable body, based on an output of a predetermined
number of the encoder heads facing a grating section placed parallel to the predetermined
plane external to the movable body; and

a detection device which is connected to the measurement system, and for
at least one of the plurality of encoder heads, detects residual information of the liquid on

a photodetection section of the encoder head and outputs the detection results to the



a detection device which is connected to the neasurenent system and
for at |east one of the plurality of encoder heads, detects residual

information of the liquid on a photodetection section of the encoder

head and outputs the detection resultsdSio the 57 neasurenent system
wherein the detection device is provided in each of the plurality of

encoder heads. 16. The exposure apparatus according to claim15

wher ei n the GeLRAT dRRnGMefsn has a detection area on each of the
encoder heads. 17. "An exposure apparatus conpri sing:

a
movabl e body whi ch hiohds AR @bice ?stapr??lgaif HP&EBBF{)}@ I}Zraﬁﬁg\ﬁ\?ﬁ{lgid%flgeaﬁs.

pr edet er mi ned pl ane; supp evic

supplies liquid on a surface of the novabl e body on which the object
is nmounted including a surface of the object; a pattern
generation device including an optical systemwhi.ch has Iiquid

Jppl ted ro s BacdMskie i il SRt ohedio o body, the
pattern generation device irradiating an, energy beam on the object
via the optical sydbedstegtignidgece hgig gﬂ%ﬁ%’“f%‘?%ﬁ“r@%%%@é?‘?ﬂi%ﬁe%dﬁe
obj ect ; a nmeasurenment system which includes an encoder
systemthat has a plurality of encoder heads placed on the surface of
t he novabl e body and that neasures positional information of the
movabl e body, B#sed\roexpasuroappanstusforapysiegiet er mi ned nunber of the
encoder heads facing a grating section placed parallel to the

predet er mi ned pl ane mrvainabdy ovhidiehoidy abhlabjdrodyd sabsdantially moves alorg a
detecti on device which is connected to the neasurenent system and

for at | easletepmedipldieg plurality of encoder heads, detects residua
information of the Iiquid on a photodetection section of the encoder

it L S R T el b
transm s$,@on which the object is mounted including a surface of the object;

a pattern generation device including an optical system which has liquid
supplied to a space formed with the surface of the movable body, the pattern generation
device irradiating an energy beam on the object via the optical system and the liquid and
forming a pattern on the object;

a measurement system which includes an encoder system that has a
plurality of encoder heads placed on the surface of the movable body and that measures
positional information of the movable body, based on an output of a predetermined
number of the encoder heads facing a grating section placed parallel to the predetermined
plane external to the movable body; and

a detection device which is connected to the measurement system, and for
at least one of the plurality of encoder heads, detects residual information of the liquid on
a photodetection section of the encoder head and outputs the detection results to the

measurement system, wherein

the surface of the movable body is covered with a light transmission



58 nenber which forns a substantially flush surface with the object
with a small gap in between, and covers the plurality of encoder

heads. 18. An exposure nethod in which an energy beamis
irradi ated on an object via an optical 58ystemand |iquid, and a
pattern is formed on the object, the nethod conprising: a

measur enent process in which, of a plurality of encoder heads placed

on a sur frﬁé‘rﬁbé}fwﬁicH%ﬁHé & sQQQé{nti’éﬂH?rﬁush%rtQQd Sth the dPSPéé%ﬁﬁil 2BfhaliNBb in

substantially noves along a predeferm ned pl ane, positional

i nformati based on an output of a
predeter&#ﬁg%%hIggéggﬁﬁﬁéﬁgggﬁﬁg (%Eeagg&?a0|ng a grating section
pl aced parallel to the predeternlned pl ane external to the novable

body; and a detection process in which residua
information of .the |iquid on ot odet ecti on ectlon he encoder.
head is detect ég (A“ qu‘érgé?ng‘gfgmoWhl han frgien ‘?aﬂ/lsdfra‘glﬁ@é&&ranﬁ’ N
wherei n t he nmeasurenent process, the positional

i nf or mat i%nopfical h%fStﬁﬁ\/ aaqi Jigtidly 2t @ Paftarh els pfosaed ettt @bjsch e method

measur ed, based on an output of the predeterm ned nunber of the
encoder H@Hﬂ%mﬁ%bept for an encoder head which was detected to have
liquid remaining in the detection process. 19. The exposure
met hod accordi ng t & mezsureniedt whoeessiin which, of a pluralitylod epbadenhéady pidced on
encoder heads include a first head and a second head whose

measur emanturfilice ef tai mogabde Bodyn wheffel the tobgtict eciibomedndd ithat auseadiatly moves
direction, respectively, which are orthogonal to each other in the

pr edet er nildigda prediermaiRd plane, positional ihforinBorTBASHY RiGRIH]e POAE &S feasured,
positional infornmation of the novable body wi thin the predeterm ned

pl ane i s yagasHl od, olRgest £ predRtepimRltm@{bedloftBaAShcddaf %@a@nﬁ@ﬂgra gR¥ing
heads whi ch include at |east one of each of the first and second
heads. section placed parallel to the predetermined plane external to the movable body; and
a detection process in which residual information of the liquid on a
photodetection section of the encoder head is detected for at least one of the plurality of
encoder heads, wherein
in the measurement process, the positional information of the movable
body within the predetermined plane is measured, based on an output of the

predetermined number of the encoder heads except for an encoder head which was

detected to have liquid remaining in the detection process.

19. The exposure method according to claim 18 wherein
the plurality of encoder heads include a first head and a second head whose
measurement directions are in a first direction and in a second direction, respectively,
which are orthogonal to each other in the predetermined plane, and
in the measurement process, positional information of the movable body

within the predetermined plane is measured, based on an output of at least three encoder



20. The exposure method according to claim 18 wherein t he
plurality of encoder heads include a two-dinmensional head whose
measurenent directions are both in a first direction and in a second
direction, which are orthogonal to eac$P other in the predeterm ned

pl ane, and in the neasurenent process, positiona
information of the nmovable body within the predetermned plane is
measur ed ,RasemcR el iaAUtonRlor 8hcH i3 Plecbitendapp- di mensi onal

R fif

heads. 21. A device nanu%acturlng nethodfsrﬁé met hod 1 ncl udi ng:

a process in which a pattern is formed on the object by the exposure
met hod according to claim 18; and a process in which the object on

whi ch the pattepn s been for i s devel oped. 22. An exposure
met hod conpris?hg:W%EGXPOﬂHeHwQBﬁ€3§Elgﬁghggg?$%gé§“?h whi ch, of a
plurality of encod urface of a novable

er heads pl aced on_a od
where an object is tﬁr%@ﬁirg‘&yaﬁﬁe‘?‘f?&?r ?ﬁ?fgt meudg) 4 §WH;6\P§§“S&?IB}13‘C d whose
predeterm ned plane positional infqormation of the novable body is
neasur ed Mepsemenndizgstigng pgtbodt inga fird dlkeetion wkinpasend direstion, whichpse
heads facing a grating section placed parallel to the predeterm ned
pl ane extosthagenal ty ¢agl othsy iibthe prrdatprmingd plane, and a detection
process in which residual information of the liquid on a
phot odet ect i on sectin dire pfeasunenent pookess, Mwaitionsl déirewtien of dhe movhldadody
one of the plurality of encoder heads, wherein 60 in the
det ect i oRvithi®¢les predetesnidlediiplanafio misatured, ndsed loa dni output ofSatdedse atve cbffthe
an encoder head which has passed through a liquid i mrersion area
formed bywbligmbhsidHatheddased on positional information of the novable
body within the predeterm ned pl ane.
21. A device manufacturing method, the method including:
a process in which a pattern is formed on the object by the exposure
method according to claim 18; and
a process in which the object on which the pattern has been formed is

developed.

22.  An exposure method comprising:

a measurement process in which, of a plurality of encoder heads placed on
a surface of a movable body where an object is mounted and that substantially moves
along a predetermined plane positional information of the movable body is measured,
based on an output of a predetermined number of the encoder heads facing a grating

section placed parallel to the predetermined plane external to the movable body; and
“a detection process in which residual information of the liquid on a
photodetection section of the encoder head is detected for at least one of the plurality of

encoder heads, wherein



60

in the detection process, residual information of the liquid is detected for
an encoder head which has passed through a liquid immersion area formed by the liquid,

based on positional information of the movable body within the predetermined plane.



