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Description Title of Invention EXPOSURE APPARATUS,
EXPOSURE METHOD, D DEVI CE MANUFACTURI NG METHOD
wdewbndwal Field The present invention rel at esP€DJIP2009/059232
exposur e apparatus, exposure nethods, and device
manuf act uri ng nethods, and npre particularly to an
exposure apparatus and an exposure nethod used in a
l'ithography process to manufacture m crodevices such
as a sem conduct or devDescrbptie@Ryvi ce manufacturing
nmet hod usi ng the exposure nethod. Background Art
Conventionally, in a lithography process for
manuf act uring el ectron devi ces (m crodevices) such as

Tkl eoRbcEBVRELO® (such as integrated circuits)
and i gui d LSpl j , MENPH € AND
EARQPHR es&éé%@&g pr a)kel%?#gﬁﬁgxposurgwdppar at usDEb}’:l:cE

W@R&w%ﬁ@d (a so-called stepper) , or a

O] ECTTON éxposure apparatus by a step-and-scan

met hod (a so-called scanning stepper (which is al so
called a scanner) is mainly used. However,

Pesheindalt iakdi ces will [ead to higher integration

in the future, and acconpanying this, it is certain

that tHe q@ureaant da‘{‘taéﬁrﬁrﬂ%i%?%ml%o HREROF e DPRRREUS/
wafer will be finer, and, further_inprovement .of.th

i Ht?étl‘é&ﬁéoﬁnﬁr%ﬂ’%?%ﬁ“%‘?u@éﬁ P IR 5 cgne more
s | o Lh beBulr® metho
2411, B9 SRyt B Lhe, SEPSULE. BHBCKA U WDLGRuES method

Oor sem conducto
devi ces. -k I i ) ARPL hGald e v h
%%‘fl icat il&%%ﬁgé%%ggﬁfﬁég?%%&o Igﬁltlgg%%sur e appar atvulsceissSuc

disclesed My hor device, and a device manufacturing method

using the exposure method.

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
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
integrationjjlthefuture,andaccompanyingthis,jj:iscertain
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
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enpl oys a liquid inmersion exposure nethod having an
encoder type sensor (an encoder head) installed on a
weowstsEde table. In this kind of an exposure PCT/JP2009/059232
apparatus, liquid is supplied in a space between a
substrate and an optical systemso as to forma liquid
i mrersion area, and the [iquid i mersion area may
sonmetimes nove froman area on the substrate to an
appeaadris he s erarreludisi e RV EFRS novenent of the

bstrate table. The |iqujd i t .
S a9 B ORBR BdetbBt Pork SHTF AR O %nE BALF CRERA™ N

f d head ' L o i
08 1928 G o ST SR THen o ¢k e T ot P
& gl.go' egr %zgéﬁgﬁagxﬂﬂgrsfﬁﬁ SoEMe §dc e&dhg Anadhcoder

as the Ti'quid remai ning on the

t%fg Qdelect (9 SAEd@Ce helld)i Inkhel1¢adeot kesubsidaak table.
ure Is large, neasurenment itself using the encoder .
head ikexames odi &1 extbdsusn g ancnddd dvéal 1w Brppédted 1n
function normally. Summary of |nvention The present

4 nenté drevwsensa esupsleratdieand raungphhcel S¥skeRpeg as to
above, and according to a first

- aspect, there is .,
foovialdd gl @xperans dppararusnd ﬁg‘eaé:ﬁxaflégugmmersmn area
i si ng: bl e body whi ch hold i
ST IFFS MOVe SO, & Feq8 STIR AR oSS, g o1 ares
liquid | v devi : . P
o TG RERR AL EOLS e WY £l SURRlAETD, bk Mbsttrate table.

PRAN £ i@%ﬁé{j!ﬂ&aﬁnﬂiﬁf’éﬁg Wpd ey 04 | (a@pRatbéeBection

generation ice Including an optical system which
Q§§f£&gvigfsaﬁpbh@ddb9 Bespacefrfermetdenehbotiee berflacaters
of the novabl ebody, irradiates an energy beam on the
ohi 8cthei @ idei dfidredangs yheenl agditdhenheégeien argp and then

forms a pattern on the object; a neasurenment syste
whthrawel fides ine emseder L8y8ueh ARy @eﬁiﬁw)«éﬂ}eﬁg ]

encoder heads placed on the surface of th .
occur in an ené%der head that has é%e glqulg remaining on the

photodetection surface, 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.

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
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 systemwhich has liquid

supplied to a space formed with the surface of the movable
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novabl e body that neasures positional information of
the novabl e body, based on an output of a
Woe@desssti ned number of encoder heads faci ng BCHIRNOIE9232
section placed parallel to the predeterm ned pl ane
external to the novable bodyz3out of the plurality of
encoder heads; and a detection device which is
connected to the measurenent system and for at | east .
boag,girraeiptasaamtqnaacfgxeh@é@e@nﬁé@j@?l@&tewé the optical
residual information of the |liquid on a photodetegtio
syetemopngnihsut pard Ay handet 8ERF of 9%%5??@ ©% fﬁﬁaéﬁjeé&; &
measur enent system _Accor.di Q. the SRRy ;
Hkg@tstélﬁ%?t?é}%%@nﬂé‘f llnﬁ:g%r%essl (?ul?lal st ateee!Lt (L)%y ﬁ%ﬁihdavmg
n e .phot odet ect | f torl 6aSd Sner t
apIpl}luéflallﬁ&yofodﬁheg’l(geanog%dzg%gsg?sl,%encg (% he detect i;’(;&Ene & the
dﬁ?ﬁﬂ#@563&§‘%ﬂé%“méé%dﬂé%'Eﬁ%ﬂﬁfﬂﬁﬁm syséemtion of the
erefore, 'of the plurality of encoder heads, the
MRAIHIE BRIy S5 &8 cam dreasitrmiipast td qredde e orheed opmber
of the novable body within the predeterm ned plane
<u5@@go@fﬁreéeﬁerﬁhnédgnmnbeﬁﬁoﬂl@ﬁ@ﬁdéﬁlﬁé&@@dvﬁ6§@llel to
residual state of liquid on the photodetection surface
-ﬂgzgﬁfmii?&nmwnﬁfuﬂ%?ni;ijfﬁéﬁﬁéstﬁo§g?b98vﬁbgﬁvgpgytﬂgt of
e encoder hea i ¢ch_does nat . functio ; :
ﬁ]@ﬁww 08 RIERSFFATEaT bl hitng Sof R Cevice which
phot odet ect | on rface, whj | o, a by C
%&%“ﬁ%tﬁée%%igﬁr @ﬁ%ﬁ?r%#'ggﬁgé%om t oér}lé r#d,nﬁ‘ %%ngtélagﬁ one

QF Lhe SPYablechody. chashdenhakby, herbbesCaseitinal

coveredwth a protective nmenber, such as, for
f‘zﬁf‘gﬂh&i@n cgyerngl asguandbheal pketoatteheisur saceéioh and

e cover glass, the term photodetection surface of
bhepheadtref eesetoian aesalvs hoptbdemersimenicningysten.
i ncludi ng an area where a neasurenent beam and a
r et ur Adeandfnoroatige appﬁgaagﬁi,\ﬁh@d]eitgﬁ;]ttiﬁ@ device detects
measur enent
the residual state of ligquid 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
systenlcanlneasurejpositional information of the movable body
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
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
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beam pass through. Further, besides a predetermn ned

area region, the detection area of the detection
waleovadv4pefers to an area where all of a pl ur abCT/yP2069/059232

detection points take up in the case when the

plurality of detection points are arranged at a

predeterm ned di stance. In the specification, the

ternms photodetection surface and detection area are

wised dike,s wfh theamunfe e st el abitiie. 9 leesor dig 9

second aspect of the present invention, there is

e Al cox Ui Tt h s PSAR IETEF Rne? P K557 &F @
irradiated on an object yia an optical sy
AHRRR 6 T o AP P TS RBSSF FH8 o BeR= ppgent bean
met hod conpri si ng: f N WRI ks Of r@nent
ad'}‘%?a]fﬁli/rn;g?) e@ﬁ‘c%ﬁ%@ aﬂggg\g lglg:@éeﬁpi%qg%?ﬁnpace of a o
dﬂl%{.e e PRI ClhdsS dmunt g ddwfermined area
su%€3%%?$gﬁ%§ vesEgﬁbng a predeterni%ga pléig?
ROpidd ondle bBterwALROAreh dhechmaltleethiody deyice refers to
measured, based on an output of a predeterm ned nunber
of ancoderreealld bach nplerajrity mf seseicsHign pedats take up
parallel to the predeterm ned plane external to the d
imvakl e douhendrte 2 lyceddtivort feseedd onnP b ER are arrange
residual information of the Iiqujd on the, .
phGt Eé@@@‘éﬁf@hn§€c‘ﬂ%1ha¢%edetlé’clgéa sf%%%fl‘fae Lo phdSFerms
the pluraljty of epcoder_ he rdi t hi : h
m%@h§@$t$ﬂt}%% ﬁ%{ﬁ%??oﬁn§r§%§§%€€§grQ£§9|éggtﬂgﬁg nosue
encoder _h e ality of encoder heads, the
TReFHUAT g%% gig%atﬁgbﬁéduid on the photodetection
surfacg.is-detgitsed skhenef spect ot harpasueerenhvention,

process, of theplurality of encoder heads, positiona
{pkoe B i widddanmexablse reodygtivbthin whvech an energy beam
predeterm ned plane can be neasured based on an outpuyt
0b Brpicdieted mmenh obibet uhaeatcrilerhdyskrigand liquid,
residual state of |liquid on the photodetection surface, .
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
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 ligquid on the photodetection
section is detected for at least one of the plurality of encoder
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 liquid on the photodetection surface

is detected. Therefore, in the measurement process, of the
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is good. Accordingly, the use of the encoder head
whi ch does not function properly due to nuch liquid
WO 2008/18840y on t he photodetection surface can bRCT/JP2009/059232
avoi ded, which allows a highly accurate and a stable
measur enent of the positionad information of the
nmovabl e body. According to a third aspect of the
present invention, there is provided a device |
piramafldcyupitngneetked heelds , mptvdd liomalludmiferme e &fs the
in which a pattern is fornmed on the object by the
mevpbder boawt HbEhaR Ehe m%%%*ﬁ%rmm%ﬂt%ﬁf}e AP ;be measured
process in which the object on whi t
oBeer PO IS oDl DRt ST R s QBB D A o Codes neads
aw ngs. El 1.1 i ; S ' Airface
I S e
i1d 8baerbRdl oRR ng Y Gl Aol srans eudisrtt heaexphain does
a onglguratlon 0 ¥he [1quid detecting device, and
G dBlor prvpdraw usesd to i d el ¢l eeeneningfon the
detection points. FIG 3 is aviewto explain a ,
Pl aeerenicmiorasuefactecahdad arldar i nhdichepdheiera highly
FIG 4 is an enlarged view where a part of the,maffr
stagetia FdGa Stiab ke aeanErEneic Olg the PpFpkona

di agram showing a partially omtted control system
pref utreRf- 10 sctfagfé‘%d?ﬂ‘f%?l%fb?‘ﬂ}]é' exposure apparatus in
FIG 1

, al i th l.i qui ' h L k€ion
5 o BB BpigfibdoRuRrby CRY SEc DAL Nenvikion,

. b YEV\B u_se_toe_x aln a

A R e A A
Vi eWeg 43§ at Or SXPL &iih RnIBHIS baltern 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

developed.

Brief Description of Drawings

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

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.

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



10

15

20

25

exanple of the liquid detecting device. FIG 8 is a
vi ew t hat shows an exposure apparatus of a second

wepivodsaent . Description of Enbodi nents - A FPCHIP2009/059232

Enbodi nent Hereinafter, a first enbodi nent of the
present invention will be described, with reference to
FIGS. 1 to 6(F). FIG 1 shows a schenmatic

configuration of an exposure apparatus 100 in the
thier dti kenbodi nent. Exposure apparatus 100 is a

roj ection exposure apparatus of the step--and-sc .
et hod TGRanely) (R0 66! G BHC AITaT COAPIT TWh T T 0SELe
descrjbed |l ater,, roj.ectd on opt | Syt erm Phod _
péqofcfr?{féﬁe i?ft%%sjeﬁb%d%?e%%aoa%d&%%% %%icrl pC%el%%Ctlng

cBel.ovg a direction parallel to an optical axis AX of
50j€ct i on optical systemPL wll be described as the

Z- axi sr1id eetingnpody Ay eell onewkt isdd & Plexpdain a modified
orthogonal to the Zvaxis direction in which a reticle
Ayl Med £rt1es el 1 @had | vt goistannéevieel be descri bed

as the Y-axis direction, a direction orthogonal to the

Z- axi ¥ & e ¥-nkéw Widl Howesey CFE@SAS S RRPRF LS OF @
direction, and rotational (inclination) directions

seound eeodimRNS; the Y-axis, and the Z-axis will be

described as gx , gy , and gz directions,
respectively. Exposure apparatus 100 is equi pped with

an illym nationgsy m icle stage RST hol di ng
DesEPRLOn, B%oj%fé@??éﬁ'“g‘?wlﬁtﬁ'gpu, a local liquid

I mver si L CerBrogfnd¥ef er stage device 50 including

waf er s?‘gggf%%% on v ich a wafer Wis nounted, a

cont r ofe syshem épy athiese: papbaiaedtidie thekeresent invention

[I'lumnation system 10 includes a |ight source, an
Wi1unbeaaeecunbid; mvi yhopefeaknsygstent I@ERi-ch itAcOUdes

o FIG. 1 shows a schematic configuration of an exposure
apparatuleO:hlthefirstembodiment. Exposure apparatus 100
jjsaprojectionexposureapparatuscﬁfthestep—and—scann@thod,
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
optical axis AX 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
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, Oy, and 0z directions,

respectively.

Exposure apparatus 100 is equipped with an illumination
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optical integrator and the like, and an illumnation
optical systemthat has a reticle blind and the |ike
W@ pwna3wdl whi ch are shown), as is disclosed i nPCT/@ir2009/059232

exanple, U S. Patent Application Publication No.
2003/ 0025890 and the like. I1lumnation system 10

illumnates a slit-shaped illumnation area | AR, which

is set onreticle Rwith areticle blind (a maskin .
sgpsee0, sbyehncielsiraIRRSEMNPIEHRI (EHCE T 8713 @?Pﬂ et Lon
with a substantially uniformillum nance. | th{': ;
upaseUag FTamilAariani et dey e aﬁﬁiaefnera% %he__dev1ce
exci ner | aser heam (wave th i : ;
5PefLP€I1€d§P§g¥a%§f S Egﬁcﬁg@gl?o%n"}}\?ﬁlcgﬂa ad’%ér(%ﬁlﬁlso?munted'
pattern.or_ the |i IS, f j ter f
& tcl‘?él%lr(?\;ve rsyssur%ref“lac%ﬁl n&ﬁlsg rﬁ%q‘)t%?sér%o}s xﬂgg% lfe'Lo}(fla 'Zif;ngf:,

by va I‘H%‘iﬁiﬁ@i‘o@lg-s RlchCl1® ShageddST d s ifghtelgpurce, an
drivable w thin an pl ane, for exanple, by a reticle
;9t3gA rdHoee wectden thi dptotcahaystien Fldiidh , ineleges @n
FIG 5 ) that includes a |inear motor or the |ike, and
Jieticnl1e istage sRST hsdatlse lirkabinsl RR &lLeanpshgon optical
direction (in this case, the Y-axis direction whic :
s)ﬁst:ehlre tll“@ttgﬁws @i FEELC3R bﬂlﬁﬁeaﬁégéh%mée“i’lﬂnﬁ‘“GP vpich
at a predeterm ned scanning spged. The iti
bl o 1 B o Bl O 11 bacens
ereinafter o referr atgn api i

AP o FOEL TR o ots o0 2 LT E e R P e
{iéﬁﬁ;éé@%ﬁ?W%Q%t%hﬁf@ﬁlﬁ%mﬁ%ﬁ%%%ﬂi%ﬁi@ﬁ%ﬁﬁﬁﬁ&ﬂiiIMmination

_ a“resolution of around 0.25 nmby a
1881 ol R | agefch nterdar ometericher @ wafthen reteciedolond (a

as a "reticle interferoneter”) 16, which irradi ates a
zﬁ@éﬁ%&??ﬁ@jﬂét&ﬁam on annbyfathrhbrlartionrligh’gt hexppprbBeslight)

ally arranged are a Y novable mirror (or a re%r,o
IEfWEEﬁOH)SuHEnaﬂnmakﬂygﬁﬂxﬁgnmnillumlnance. In this case,
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.
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, and reticle stage RST is also drivable in a scanning
direction (in this case, the Y-axis direction, which is the
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 fz rotation

guantity) in the 6z direction) of reticle stage RST in the
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surface which is orthogonal to the Y-axis direction
and an X novable mrror that has a refl ection surface

wWoeikosanal to the X-axis direction) shown in FTaP2009/059232

Incidentally, the encoder system which is disclosed

in, for exanple, U S. PatentgApplication Publication

No. 2007/0288121 and the li ke, can be used instead of,

or together with reticle interferoneter 16 to neasure .
Xhel posi tirovemeantt ptaae) dF ePnFeenElE JRtachshstOF Fxamp-Ley
directions of three degrees freedom_ Projectio

atiniat regolatgoacef KAV Oz %f 61S) %ryetal cﬁeet]s‘ﬁltjaegeii?gerr in
FIG 1, and is held by..a minfr (etrol ooy, L aame)
RS SEOHE T L SRS & erDgoe y %01{858%158“%’) r.&{

Proj ecti ity BY has  anb i a PhioERELE Ofeam on
16]51 r?fﬁrogly%st;éerym)ﬂ_l%do@lgﬁ %'rgrq:gfhlggglsuggrlm??y of opti cal
LLerephs hehddy 1bﬁr{1ﬁ{e 40. r S Projreedion optdogedd are a ¥
system PL, for exanple, a dioptric systemis used, .
fARH I g refr o ur akicky oéflenses) (tkat kéenentgflection
that has been disposed along optical axis AX, which is
pared deelwitict hiss Drkicgaialkctd drhe Pfojxks | GhrepEta and an
system PL is, for exanple, a both-side t%l ecent

Ximoprbile Bysrem that ks & 1efde&ateim g 15 ggehggonal to

i ficati ch - , -fifdt
ST 4143 Lo T EReTarbs Ghgh 11| ur PR T e
IL f 11 lum nati Il '

RO PG BECT AR STFEARE RGO PO TS il Sran™ o

%ﬁ? f%%%{g&uﬁﬁbifééﬁignFﬁM@i@@OV?O@é@?QQSQn&h@heilike, can

ern surface substantially coincides with a first
@éﬁ?ﬁxﬁ@%éﬂgﬁ$ﬂx@|Qﬁﬁko@%t@%@iQithOBeﬁmbﬂeaﬂnSgsfeaneter
PL forms a reduced image of the circuit pattern (a
1 educababareec o pasparionefl {hEoriatiiph Paresigledk at least

reticle Rformed within illum nation area | AR via
pnoflecetohonpt pEathsget dagPeesi ATaAT&FER™: exposur e
area) | A conjugate to illumnatio

Projection unit PU is placeg 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
by barrel 40. As projection optical system PL, for example,
a dioptric system is used, consisting of a;plurality'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
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
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area | AR on wafer Wwhose surface is coated with a
resist (a sensitive agent) and is placed on a second
w@k@naiyan i mage pl ane) side of projection optPCHEIP2009/059232
system PL. And by the synchronous drive of reticle
stage RST and wafer stage WBI, reticle Rrelatively
nmoves in the scanning direction (the Y-axis direction)
with respect to illumnation area | AR éi | lum natjon_ .
sbi ghtit! Ly swhbkeenaf snrfiace] subssptigdey CRlfwades with a

scanning direction (the _Y-axis direction) with.resp
filoséx pdsnee (aPe8PDACC Iplll%?iel’]aﬂfoﬁrﬂj&l‘ft%lloﬁl) O,pttlﬁlfé Ysten

SSRGS XS O A0 R IR A5A) O zeguces

reticle Ris

ranster Led. opt gr e, sl g1 e8padhatn] Sof I¥edfiele R Cormed

e pattern 1s generated on wafer W
mﬂ&?ﬁ&gﬁﬂguEthkHBﬁ?Q@Eb0@A§¥S§§£1ﬁébj%ﬁkiwmndpﬁicnﬂ system
optical systemPL, and then by the exposure of the ‘
HENsint bheakayelefpesist hayel)IBncowfegall ie hillumination
i'Mumnation light IL, the pattern is formed on wafer
MWea ITAG denvatfby, W thteosmi suffaoe icarobsegneish a Hatest (a

type frame which is conventionally used, and a hapgjlnﬁn o
sarppiorive yagerf)amndi st | RsEEd i fors |R-ang s ag

Pat ent Application Publication No. 2008/ 85 %] the
RIRNG) KeLaq P lexpEsiR e HpfparRt te® GBS he- ontigl nt,
ageal llaud ] $eQn devi kg7 B3haL8drt 8tage WST
%@F‘?}&‘?ﬂ%éﬁﬁ"e‘? gqot‘ll(f%ed_si% rsion” nethod as i g° ’
ke usl y,. dfé&fxb@fg-&rﬁ?&é‘é Lo g seuREshenddevteeod (the
%E:f es a?|qU| suppl'y device 5, a liquid recovery
fevl ce 8 fbatoof whtshratgepet tohoutunimEt Conlarea IAR
refer to FIG 5 , aliquid supply pipe 31A, a liquid
[ ECOMRI ¥aPide 13Hht ainoarl beunifeS¥ antat hwelykeoves in the
shown in FIG 1, nozzle unit 32 is supported in a
suspetdeddstateioy athei Hfpake (hsecshewh) WhshdrRgPeCt to
projection unit PU, so that ) .
exposure area IA (illumination light IL), thus scanning
exposure of a shot area (divided area) on wafer W is performed,
and the pattern of reticleR 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
system PL, and then by the exposure of the sensitive layer
(resist layer) on wafer W with illumination 1light 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
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

liguid immersion device 8 is installed to perform exposure

by a liquid immersion method as is previously described.
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the periphery of the | ower end portion of barrel 40

that holds an optical elenent closest to the inmage
w@k@nasgdde (the wafer Wside) constituting prP¢EIR200H059232

optical systemPL, in this case, a lens (hereinafter

also referred to as a tip leps) 191, is enclosed. In

the enbodi ment, nozzle unit 32 is set so that its

| ower end surface is on a substantially flysh surface .
Loickh 1ieuidieneeadosweeae 8finglpdema g idmphey device

nozzle unit 32 is equipped with a supply.opening _a d
5, eeovéapidpaRcAgesy deVigE & L§oth P§§&%1§5rF§€e“P§ shown
which wafer Wis placed, facing and i t L quid
ineEEvery SﬁéﬁFﬁﬁjFg%%rgéné%&}%gﬁg'%Sé%%%ﬁ§gﬁ g%ﬁ’Eillqul
channel and a.recoye w,changel atnareigonned emh
rF&OQEFWh&lgeséggvygpﬁéégg?Auggg ggl?ﬁﬁi%hreébvery pipeOwn
1B respech - uhigUks SHPRLYpEEBEd 3A £ onnamsidd state
ﬁa EE?S gdp%FgggévP%gg5 (refer ?% FIG 5) , and liquid
ES QVEI Vs irRe (36B Slnmer o Idind guibderedonenyl déWi,ceoghat
refer to FIG 5 ) , respectively. In this case, in
dHepkd 1 pHpplYo HehiecoBer end avktiornsofreaxsel 40ghhat hplds
conpression punp, a tenperature controller, a vaIvE £
frooptameiot]l ement el ddest &fothe TRa9neIafurdICahR e ter
i ke are equipped. In |iguid recover evi ce a . ;
R Ao ST N A S LT RS 1h TUERE oy p this

covered, a

Soang 1 oA A A P ra SRR L ELDA £ gl R ATRURY 101,

I'K€é "ar € equi ppe

contral |l er, 20 l4:0i-d sHRRLYedeVi€ 8251 §refteko that
1D SRS o%?%’,Igﬁgkégggﬂquﬁﬁﬁhnd be?meéh tipllens 191

And 19afer WM (- Ae YBREK sSytbaeantaaplatfl dh sarfece with
described later) of wafer table WIB on which wafer W

i15c ML e dnavsarkhael dfsuppl yems gd B1AFuatitiegonnpgrde unit
liquid recovery device 6 (refer to FIG 5 ) , and
32COy esuipmpd drifatom Isetpmden opieplinghgnd a recovery opening
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.

Liquid supply pipe 31A connects to liquid supply device
5 (refer to FIG. 5), and liquid recovery pipe 31B connects
to liquid recovery device 6 (refer to FIG. 5), respectively.
In this case, in ligquid supply device 5, a tank to store the
liquid, a compression pump, a temperature controller, a valve
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 valve

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

are equipped.
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191 and wafer Wvia liquid recovery pipe 31B. During

the operations, main controller 20 controls |iquid
waeplige4devi ce 5 and liquid recovery device 6 BCI/gIae9/059232

the quantity of liquid supplied constantly equals the

quantity of |iquid which hagibeen recovered.

Accordingly, in the space between tip lens 191 and

waf er W, a constant quantity of liquid Lq is held

const Mathy coaplraddér 2Adceptinls, ldauiguisyrRkvecsvdre o

area ALq (for exanp refer to and the

F
(Kieker ite 6|Gmsé r|ﬁn@h%u%%b%n]ehﬂulﬁsb%@gﬁ%% es 191
Gepr R Y e it L Be! B 1A é’c%w

g&ecn‘ Iﬁ%éfse%w?c;ﬁi)ﬁ. Mﬁqtot}fe‘tw TANSH £Se the Arfounted) via

aser t wth a wavel ength of 193

th%g %Ql; 3&!10' Qﬁat abhyrolef 1agtiderdémshesry ddvice
% respecf to the ArF exciner |aser beam

6 %@E@lﬁn@lo JFI@ 5andand rehewatsel 1thhe dweweh dredeesf tip lens
['lum nation light IL is 193 nmx 1/n, shortened to
1aglotmd:1 LBAE e W i d h]echerci phecgveny titpe 5B de dng the

barrel 40, for exa a scale plate 21 is place
quera i edns o meHe xvngraﬁéera@o §Q¥b"'rrgcl’1]ts MFPB?EV device
flush with a surface on the of barrel. ,
% Ree ADEHIReRECO¥REY Jaqee fo {)]ﬂg}[)di}ée gfaant%_ AQe ifquld
ectangul ar_pl at mhlch ha |, n
Q%}%#e (i qilals %f% %?a?ﬁgé?%ggeﬂh giHNwhich has

circul a ng 1the svZ terd Ec@nbétwgaﬁeﬁhp lens
k%?/es emalg%&?]ﬁés]%rtg for rre(}{i11 3}qalpart ofsgt he plate, and

i 1S ng%é@érbw SHSPSASt &Rt byuanbedy 6folighodn)q. ibnheld
odi nent, scal e board 21 is supported by

é@lﬁﬁ@@ﬁt@p fegimcedmiand banthinon $hawhl J(mlfféﬂ@g)area ALqg
frame) which supports projection unit PU On the
$66 f aneripl sunfeize on PRS- 2 Ghlde)3 andskhe eljﬂ?%}t észiormed

as a two-di nensi onal gratln%_ a two-di nmensi, I
ref | eciigphe embodiment, as liquid Lg descri e 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
water with respect to £he 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 plage 21 is placed parallel to the XY plane,
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
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grating RG (refer to FIG 4 ) is formed, which
consists of a grating of a predeterm ned pitch whose
Wperpeshel direction is in the Y-axis directi onPCHIRA09/059232
as, a grating of Imm, and a grating of a
predeterm ned pitch whose pariodic direction is in the
X-axis direction, such as, a grating of Imm. This
diffraction grating RGis forned in a cross-shaped
iar eapattaofr eHet pataedeRildth IERROBER@IRY tHE by @

range of wafer stage WST. In the area wh .
RO racts AR NdTRES! SEERFATERLy o S5E 1Fs DRgrd 21 IS
ormed, an opening section (or a i a 1ty
?@mr&fﬁ \Iir?é’l l(?r]rlséb%bsﬁe? t‘%eoréaat ﬁnao]fr{t eaﬁn%a%ér&enge%%%)
eam I qQuyi ect. 1.Ge: Wy BE
b R Rl Al A A L
1%%19%%‘1%%4‘ @ shagadase tResuppeidey akmpsile plate 21,
orizontally by a plurality of (for exanple, three or
oW Yot -Riaid o drsol aj i i heant veorsd {roen ¢ temh 1 nrefeection
drawi ngs) on the floor surface, a wafer stage WST
Placiedy RE Stagiehase FIZ. 4)wabefosnagde whigB §98éata7of 2
(onlly a part of the systemshown in FIG ,1 , refer %o .
FitG Ly )Ofi aame@eh@a@w@ﬁe@&t%@w@ﬁwefﬁoﬁé&sEFEEC ton 48
positional information of fer stage T, T
Froain Sl yShERrt SoRauF PR R R R GROBRESaSE 1P8eapd 2

er system

70, a wafer |aser. interfer r : : : -

Yl e S SR e e e
and,_.waf.er en.l ro r ste iyl beb i

+%r?ﬁeer>€daes€§i %g&g{:g%éﬁf nQ?%g %g)s/c%i %%Eﬁ%s?gggpgésghls
26k 52 B08n Ofrat PRDRE D3visgmedt shubacrbesaAphapddt heea of
egree of flatness of the upper surface is extrenely

high Rtk 15eimes vasith ghateswiachevhenenahsrratgget vater
T noves. |nside stage base 12, a coil unit is

boagediST ncllmdthg argh whena Pisfrestion gaaplagdRF iaf scale

the shape of a matrix with

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
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
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

laserinterferometersystan18vﬁjj_befurtherdescribedlater
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t he XY two-di mensional direction serving as a row
direction and a colum direction. A s shown in FIG 1
w0 20afie9st age WST has a stage nmin section 91PCHIMRR0GH/059232
waf er table WIB which is placed above stage nain
section 91 and is supportedidn a non-contact nmanner
Wth respect to stage main section 91 by a Z tilt
drive mechani sm (not shown) . In this case, wafer
inahhe WEBcirspsdpported in a non-contact nanner by Z
tilt drive mechani sm by adjusting the bal ance_ of
upwar 8tpeedease dpul-§irge Sifch I%\%rg?% edtY Sn%%%%%%g torm,
force and the d rd for rayifati j '
PR 58] FETHEr it T TR ot fibs ohRg §8E47E8 Y R bremely
driven.in directi o) r Leed@NNST moves.
DAY (ST RS %—Sa§ @Jloé F tg(l[:h tr?%r? %e‘tglggﬁ ?xégdel]{ ect i%%n, and
A (BdoRC L B, thedot hamofi Stragesem) nisebtdony a
, a slider section 91a is arranged. Slider section
pila-Nag A JrageellisC 1ual bleeee tp oheashipeabfty matrix with
magnet s "arranged two-di nensionally within the XY ,
wnlang, tachdisieng itmaiodseethidomgasyiaguabta BaY Girection

plurality of air bearings arranged in the periphery of
drite dbatdloms frRet B30t he housi ng. The nagnet unit

configures a planar_ notor 30 which us e driv .

Lor ent’® Eh&etY ditadiiti ck 1 d?ac%e%ssctoafgsecl%gss%egﬂli%éf%?gée Tmain

exanpl e, U S. Paten 5,1 745, Al i

%%?an%i%'pf‘ggi%d%ﬁ e%lgcsaéoﬁ“l @g? n%lcgel(r)létqgﬁ\gy%éaag%ve stage
| anay, Yot or 9?Oanéhies driobe RN eHI £ el- ddriid@d maankewith
théS usi ng the orenté3 force el ectromagnetic force,

A0d- & planat JY ok 1By sacvabnabl epy el uctancedddiveemechanism
system can al so be used- Wafer stage WST is supported

Yot eMidwat) On Tabats sstage basdel? thplae Predéseptbregted in
cl earance, such as around several mm, by the , .
al ot ddrytadt aianearbnds tdddc dirbae BBSven g bysadjusting
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 6y direction.
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
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,asplanarmotor30,thechivenethod



10

15

20

25

driven in the X-axis direction, the Y-axis direction,
and the qz direction by planar notor 30 . Accordingly,

woedensuabl e WIB (wafer W) is drivable wth rRPGp#ER00¥Y59232

stage base 12 in directions of six degrees of freedom
Incidentally, wafer stage WSE can be driven in
directions of six degrees of freedom by pl anar notor
30. In the enbodinment, a main controller 20 controls
itsheonagrintired 4od tdier asithas ofsing e LOxsH G % Fch

of the coils 14a configurjng the coil unit. Vafer .
edteagE cREione tdyrs FORCEr 180 Gh A R M B LLE%M 7y Fsiate
motor 30 and the Z tilt dri ve Jre aqlss%?opr evi ously
IEIIGTBEE AT EVEHTY SRt ghdr” not of 30 i s not

limt Q { WP piegeet  fet Badaneid stage
can bgqggteﬁosggg%giﬁsngsla&%o |ﬂr?é: col | garret hod. O, as

2l anan t%r Rt RO IO d\dricd,| enchype pravad several
fotor ‘cah be used. In this case, the air bearing

{BE evyouskyp Uessl i bedotlaesr metartiave tesbeibedanpeye, and is
Further, wafer table WIB can be finely novable in at
deasdn anethé M- D6 abirecdiioest tba, Ytawel srddyestion, and the
direction, and the Z-axis direction. Nbri e WTB
epddirbictabhyy RAPaeTsaer WEF cARCBEJLBALY g FRtE Dy 3R e
rough/ fine novenent_ st ag

.. (On f | :
(V3 S hlint 60 S AP VET el ChoF RS T hot® ST D8Rd For®

and 1s

fixed b K hani s
I e e

%a%e ?ﬂlérTf 868 1 Fhe Y Shieckthgns o edae &é‘@f@@@bfaﬂdéedom
Surt ace t

ce 0N e -X side (the -X edge surface) of
f?iaﬁ@?'rﬁoﬁ@ﬁﬁ@ espectively, mirror-polishing is

appl 1 ed, and reflection surfaces 17a and 17b which are
used iTh wei@reth@seimént eré enomet eonsyst bar 180t gopgrols the
descri bed later are fornmed as showmn in FIG 3 . On . the .
nutet tedderst dime oldfosr ofoterent supplied each of the coils
14a configuring the coil unit. Wafer stage drive system 27
is configured, including planar motor 30 and the Z 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
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 WTB can be finely
movable in at least one of the X-axis direction, the Y~axis
direction, and the Z-axis direction. More specifically,
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 mechanism (not shown),

such as, for example, vacuum suction (or electrostatic
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(mounting area of the wafer) , as shown in FIG 3, a
plate (a liquid repellent plate) 28 is arranged that

wha®oazwdr cul ar opening slightly | arger than tPET/nWRLEr059232
hol der formed in the center, and also has a

rectangul ar outer shape (contour) . Plate 28 is nmade
of a transparent material wth [ ow thermal expansion,
such as for exanple, glass. A liquid repellent
atiseatEmn)agabngt shr§ared anthe wpHided (e recdas sy ace)
of plate 28 (a liquid repellent surface is_fornmed)
andcd6HEARCE, Opl kR 28 $19¢ nCEBe |0 S0% R A ] (BTeT
surface or a part .of .its _surface becomnes fi ' d
tefd & W iBrc & SRS W H%‘Ffoodrerpéiés% em%&érjres% urieih' an

i tianal _i nf-ornmat] |PehydiAg9chd £ I PANORat e laser
r%‘%‘re&t olnoﬁu%tfggﬁtglgt %/?goéd&\/:gf7§rw§t gge WET in tﬁe E§1<Y

i coRfiegui gt o art ddie ddk e agkreaeadesrmed as
12{%{126%1[7}%%\/&% g’g gescri bed in detail. On wafer table

WRn as, shiaywn 3 0 anpkasabuticewsiinleFlo® the wafeendudger
head (hereinafter, shortly referred to as a head, as
neaded)nd @keH60E, tBOCyafad) F0Ds ko deed ith BheafBipte (2
corners, respectively. Heads 60A to 60D ar eet{i)l aced at 1
Ipiopitd orepel aHatpkae s effarst i D R ITAnTE bet et CHECULEE
heads adj acent. in the X-axi s direction. o e-Y-.aXLS;
QR ol & Shf Fiddigst @a@r Egteewatfﬁgnhf)%gte\%i 5?139%? in the
liquid i rsjon area A T e ‘ 6CD-AL8 )
FSRE R | m?d%i%%lké%s of %%?aeﬁgﬁg??n ﬁggeg(e)%tjﬁﬁ?n@ﬁﬁe ur)

%&%’% s, di J!‘ie Gld QN uh iacgﬁgﬁﬁﬁag}%%@. fharaedainnywahel ofrabhermal

,respectively, as shown"in FIG 4 with head 60C
%%%Qsi‘@n?ss@cﬁeﬁ’é essnt akbmele Thelapper Surfacss oépellent

eads 60A to 60D are covered by plate 28. Referring

baskthonFlGaihst aipaid Tof ilseads] 66A tmiheCoiriweelps plate
| ocat ed on one of the diagonal |ines on the upper :
28r {ackiqhivatepel abht WIBfagreiRef@5MEY) heatRidRoERLLY
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 6z rotation quantity) of wafer
stage WST in the XY plane. Now, a configuration and the like
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
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

v-axis direction which have been formed in wafer table WTB,
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measurenent direction is in the Y-axis direction.
Further, a pair of heads 60B and 60D, which is |ocated
WwW@roovhav4ot her di agonal |ine on the upper surf aR€r/aif2009/059232
wafer table WIB, are heads (X heads) whose neasurenent
direction is in the X-axis dierection. A s each of the
heads 60A to 60D, heads having a configuration simlar
to the head disclosed in, for exanple, U S. Patent No,
réspag;tase Ly, nteer macondn BIE-i datildh NGaLEPH (FPSg UP 23
and the |like are used. In heads wth § ch
acnﬁpigaﬁataﬁﬁyesin%%eﬂﬁﬁﬁﬁbﬁﬁeéﬁcﬁétﬂ | RSRATHS OBy EPREOD are
two beans are extrenely short, the influence of air
GPgEéﬁﬁbFﬁbﬁﬂéﬁﬁiﬁggtly be i gnored. However, in the
enbo t, .the Light s ce; a ; t t
arranggggé%Péﬁhgﬁc OE%ggﬁghgad%pg%lﬁgggoggggﬁf?g%?f§§ o0cs
vfhﬁ%hdelé Q.r?@algesd 48 ctads M deddrdl Ainenomllye upper
the optical systemis arranged inside of each head.
MG dde df g fsowasle WS photodetads ofY lerlls hewhose
optical systemare optically connected via an optica
ﬁdé#ﬂrdﬂgntsﬁmnmﬁtiod|isoiaethBoYrﬁﬁﬁév@iFﬁ@tion- Further,
posi tioning preci sion of wafer table WIB (fine
ampesTe . e 60 #nd GBS Th bF HOFHSET Beandher
he like can be performed between stage_ pni i
e InmenRs - A ST 21 0% ST BOUEE T g e @Y
novemnme St her ei naf r r:ed it.0 i
JINETR) pSLaRS)  ASCeLRaly £ ShOral yecel ok el ib0cRs % i
@Ug'&yf where a head g ePhaukdedonntst 809, MkAds having a
ect 1 (roug

tyon novenent stage) so as to measure a

POsELL0R, P o8t HOL: 1B RSeRki B2l ugedivenEnt: example,
stage) using the head and to neasure relative

oli spl agesrptnof The3gpagh/ f ineenmpetmenelsPagéiwpthon No.
anot her sensor. Y heads 60A and 60C configure Y linear

E@@@gee3755eaadnah9elihppa©prIlﬁﬁél-y Eporeefediibhysuch a
encoders" or
configuration, since the optical path lengths of the two beams

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
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
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/finenmvementstage),oreaconfigurationcankxaemployed

where a head is provided in stage main section 91 (rough
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"encoders") 70A and 70C (refer to FIG 5),
respectively, which neasure the position of wafer
WG L@gA3MBIT in the Y-axis direction by irradi atPeJP2009/059232
measur enent beans (nmeasurenent |ights) on scale plate
21 and receiving diffraction7beans fromthe grating
whose periodic direction is the Y-axis direction

formed on the surface (Il ower surface) of, scal late .
mdYenBott sergeX Iseads GOBIEEEUSED ac AIFfS igurdd >@ﬁe i%@:ﬂe main
encoders (hereinafter appropriatel hortened t

seeRA6Teys (TP BAESTEDS (el 1oiRe Ghgngad and to measure
respecti vel whi ch neasure i By ;
o8 a5 VAEH P IPRETRTIX e BT CEO T By Fr M Thg ca0e mich
nme ureneqk;q§ans on scale plate 21 and receiving

SO Ac 50N Beans from the grating whose periodic

directi g R Xrxicd dideatigeird or Mether tdresoders
surface of’scale plate 21. The neasurenent val ues of
@RGR 10fa Ather ensneessi AQAt sshitiR ared supp!Y eshcedems’h o
controller 20 (refer to FIG 5 ) . Main controller 20 |,
vehicridesr 90s TORcarad 706 bredet 6o FIBelVdi H§SPREGANEL Yo P Rich

on the gz rotation quantity) of wafer table WIB (yafer
ety A\BIE Bas oo fpfaiRE Shagedioh lﬁlei’g'%%&éﬁéﬁ.ts 2 & ion

I t put f at | t. th d
pedi At 116 HoT RISTHY RSt oHET S URT AR But paRts) o
ffecti t. wval ' t .
3Bk TR L ok L e pret s g

vgl'g)or SQ%H%J'Q derecting device B0-k1ef@iréotbbfs £6rped on

I'STTh around nozzle unit 32. Liquid detecting
tﬁ?é/i&?r@céswéﬁért@uﬂﬁa@@; bhestesedphhtst ale ofurther, X
[

quid Lg on the upper surface (the upper surface of

mate @83 efidwabercoableudBl bineartdecedpsdi feareinafter
whet her there is any residual liquid or not. Ljguid N
depeopihgtebyi geoBiened w Nepcgsedsi’s deBerpdq 0D (refer to
residual state of liquid Lg on the ghghodetec l.on £
Euefaﬁb,(gﬁsggggi@ply, which measur e 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.

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 gquantity) of wafer table WTB
(wafer stage WST) in the XY plane, based on measurement values
(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.

Liquiddetectingdevice80(refer1x>FIG.5)isinstalled
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a predeterm ned range on the upper surface of plate 28
i ncluding the area through which the neasurenent beans

w0 e@i1zEeh encoder head and diffracti on beans PCDIR2009/059232
diffraction grating RG deriving fromthe neasurenent
beam pass) of encoder heads 180A to 60D. Liquid
detecting device 80 includes four |iquid detecting
sensors 80a, 80b, 80c, and 8Cd (refer to FIG 3 ) dt
aroiucidl havela wobt i3y alileiisi AeFartiBI A A% f% 5ot t°
focal point position detection system of an obljgue
deteictehde KeEROYadi SERESAT] ;q%%ﬁ ﬁ%a%%|%,er&§¥§%y surface
(Japanese Patent Unexamni.ne [ ' [ I @) 1in th
(R R T g L o e S e
and the lJke,cqonsi.st, f3 anyidy radi ai 0N sy§hem @adnét .
eﬁﬂoo%%l&le rleedt %&neoé;r?/és eﬂrrla@ﬁér)] %%e rr%l tiple poi ntéf ocal

%Q:ttﬁtd ReskLL9RgUSL LEE WD S¥SELIM] A udepoBbidadedtsa residual
etected using a change in light quantity of a

defd eeired i bught LEr om e phiateetttient igoi murdiaaehd apapepa of
surface to a light receiving elenent via a slit_that
DSt de e e ositgeonf thécuppderseufaaeeCf nPLpee 28
Z-axis direction (a Z position) shifts fromthg gest from
inclsdpositheomreen e usiheh ikan§he RepRYEPEgEt 8EE M g
sensors 80a to 8Cd of the_enbodiment, th Sj Il[ :
R e L e T
uantity of a,refl ?? Q{L% 4 SACR AT SEEL P F encoder
‘%’6‘?%“%%%%?%1‘6%9%%? g{clé 0 a\/\ﬁ% tabl e VgB to a
| i (E §LeLyi ggpel enent viaa slit of the reflected
]illé% %’ %y t he m?[uence of liquid Lg remaining on the
upper s aseadfedei sy dablee WB. ikslsbiesntonrFLEyuid
2(A), liquid detecting sensor 80a has an irradiation
systepi 89asenndra phat odeébecBDon sydt 8Ar8dasiwmi ER BLE. O)
pl aced opposing each other at a position symetric 1
whibhriespea confdquefedrienc 6 imtilar(hotd dHbnP s Ropat foca
Y- axi s _ .
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 1ike consisting of an irradiation
system and a photodetection system. In the multiple point
focal point position detection system, a2 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
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
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direction which passes through optical axis AX of

projection optical systemPL, on the +Y side of |iquid
WO poven3d4on area ALQ. Liquid detecting sensor SPEI/RRE0%059232

plurality of detection points Ma arranged al ong the

X-axis direction at a predete nm ned di stance on the +Y

side of liquid imersion area ALq (refer to FIG 2 (B)

whi ch shows an enl arged_view of a cir [

| FLG . .
(YUt ofohdfereTilRotrd 12gRF, bhelp) M%SF?P%?ICng%Gllquld La
det ect | i.nt whi ch_gach of the d '
SRR 'S SRR | PR Tt a0 TREPY HAr Ty Tand | s

h t ect i -
-t ndoxeReh R B REe oh BLt aREid PRI SBREERTO08 e

1200 Ahy ' Y $heMa80R3 t odBklhelon @ystem 80as
%gglv\% In %lgﬁgse%%&?oﬁ%u%g%det %ti ng sensor 80%’ has
R K rad ﬁﬁia@@adsb?@b@@i&@béaanCbﬁw.énhczttoéepesﬁ.itdmnsymmric
80b2 which are symetrically placed to irradiation _
@y ere §Qectantb aa phof edebeet anhs sysoensBoER) in the Y-axis
respectively, with respect to a reference axis (not, ,
Shosw) L om WX p@sss sdithaetgbnonki 6l prske 4% REopgRIection
optical axis AX of proerction ogtic | . systemPL. .
PPELEAL oY Tt nBL sefRoF80BY has9E B u}%\%}lf' pfmersion area

det ect.i,on ,poi Vb d .al t L ovi ‘

b oo R IR B EaREeT o et Aot anca BT RLCY PR fggection
f.liquid i ' _ e |

Pl L et fhe o abommpL e (0,

g@gaeeégmﬁn@&%m?ér%é ban: 15y Stves 8032 Whijahdaimengt sicedarea
pposi ng each other at a position synmetric with

AB§PeErdrota IS epeBgartadis shoet shewhp rigedtthieXodd sircle
direction which passes through optical axis AX of

pr bheELEon2 0pd ) cal Heysvem PLn BRGt h2 (AKX, stde pluragify of

i mrersion area. ALQ. Liquid detecting sensor 8Qd has a
geteatioyp ppioéseen which each of the detection beams are
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 80a; and photodetection
system 80a;.

Further, as shown in FIG. 2(A), liquid detecting sensor
80b has an irradiation system 80b; and a ph'otodetection system
80b2 which are symmetrically placed to irradiation system 80a;
and a photodetection system 80a;, respectively, with respect
to a reference axis (not shown) in the X-axis direction which
passes through optical axis AX of projection optical system
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 ligquid immersion area

ALg.

As shown in FIG. 2(A), liquid detecting sensor 80d has
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poi nts Ml arranged along the Y-axis direction at a
predeterm ned di stance D on the -X side of liquid

WO paven3d4on area ALq (refer to FIG 2(B)). FurtPEr/Jr2ae/059232

shown in FIG 2 (A) , liquid detecting sensor 80c has

an irradiation system 80c ang a photodetection system
80c2 which are symmetrically placed to irradiation

system 80d and a phot odetecti on system 80d2,
ahespestiivelyn whthemespectand a prierdsiectien $yvEen 80dz

shown) in the Y-axis direction which passes through .
wopichc ake apl Sc@X afPqF B AT OFPeitcal 3 yRATh Fl Smmetric

Li qui d detecting sensor 80c hgs a plurality aof s
wdéthe CESPEHoitRt § W@férﬁeé\?ﬁe@%son@qth@%@-wééi gn the X-axis
di rection aft redet er.mi ned di st.ance t - ' :

défrqqt&lﬂndwpﬁﬁgrg?%ﬁear%}ér%ﬂ 19 scllc%ét 8¢ iso}r%ﬁp%l?(ﬁjt%s%c‘:lon
tqQ Ml .(collectiyvely r : ; | ok .
Al 7y UEeEre BOh T 800 Have Burrsing ITaora or Fee

' r $i 00 1 Al & Lk howng b @ HalsGe pAWality of detection
piLwdé%taghay(;f&t he ir#(?g)dei%ati on syst errspaénd they
giatadete i omfastLrengfthé g ak det@tte gl sersdra 80a

to 80d are supported by suspension froma mainfrane i
dr¥de tshovime dvalicit el D projtéet F8nsbdetoPUl i@ bRglRperSLon
nozzle unit 32. In this case, the irradiation system

anek thley phctolettex tTBR- s§68kin which make a pair with

o 1 AT ABTA PG G+ boBl I ik aE P o sensor
light f t he,, f f pl il VAl

108 Moot i "ok ot v oo g & e BrBEReltiRe isysten
??cg%%gglaﬁta% %Xlén}nrerlﬁq.ic%tlggzgpﬁéféég'Hcﬁ@@ka@@ﬁf:ﬂgwéi@tem 80d;

etec sensor a | _rradi ates neasurenent
%)ﬁ%rg MY R taR)H gyRlen Bobgdente sprqudiveilsy omiwafl eespect
a

| e "WIB which are positioned
to a reference axis (not shown) in the Y-axis direction which
passes through optical axis AX of projection optical system
PL. Liquid 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
Alg.

A1l detection points Ma to Md (collectively referred to
as M) that liquid detecting sensors 80a to 80d have surround
liguid immersion area ALg, as shown in FIG. 2(A).

Incidentally, the irradiation systems and the
photodetection systems of liquid detecting sensors 80a to 80d
are supported by suspension froma 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
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at each of the detection points Ma. Photodetection

system 80a2 receives the reflected |ights of these
worewsnsEaent beans fromwafer table WIB, and oR€puR2809/059232

the detection results (signals that show |ight

quantity of the reflected light fromeach detection

point) to main controller 20. The other liquid

detecting sensors 80b, 80c, and 8Cd also function in a

S fid Aedrangrt rdn qiiel det®ote nyf ey BDareirpsfible,

detecting sensors 80a to 8Qd irradiate neasurenent

shieansheforee reioms tsamtt iqrantant L idh e i zansTolt e  section) of

i ncident toward the upper surface of wafer table WB

sarlheokrirmetl descri bed above. In this case, if the

[ idd t [ f tabl e .\WIB.,. .ref.l :
|1 gt o oSt S SR Ty SRPE S ae It Syt ing
%?trg §e&a¥0[b(§jq;et'e0talﬁrét%%l B’Ltea £aehd bt s f6EEMI BFe obliquely

ot t1e ¥ Espective photodet ection syst ens.

| §: Ui e & £1Bd 9B ORTBRGIEL ch 2k e MFBitioned
??%ﬁ%sg%d%@ﬁggiéﬁéthe reflected ?ight detected by each

of obbe 44 ght dacainidigpel egens. deteasies cbedansey atem 8022
part of the neasurenent beans is interrupted, or is

refbeetedd FEddebyelyl 1diet ¢ icfuttesBynergwranent Heemsafrom
change in light quantity, liquid detecting sensors 80a
vaf 80t alet @ JITR hande Siudralt ss tthee dgtechéoni §6FHLGR (R&INals
upper surface of wafer tabl.e WIB carre ndi.ng,tQ_the
bh@toﬁh@@c%%@htsﬁPF%EéthO@nEBGeFeﬁiﬁﬁigéog}gth om-each
The usage of ,ljiquid detecting.s rs~80 ; :
GOHPF i dPRLTEAL FRg™abti B8 R0) hT| 2Be dnears gt piaute
g%%al l:i%lﬁtseénsoé‘ﬂfs bRLEXPOS U ABBAT AL 415 FLBR tAbnt € a similar
Garment. - water I ader interferoneter system

L.ngkt ek s eheneedctonas sewaber gioater f er onet er
égg?gﬁT?glgagPefer toCFIE? ge) can measure the

posi ti pngef dvaéescsinges¥hiorsndependefbtlyitremiate
encoder system

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
each light receiving element of the respective photodetection
systems. However, when the liguid 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
by 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 WTB

corresponding to the photodetection surface of encoder heads

60A to 60D. The usage of liquid detecting sensors‘80a to 80d
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70. A s shown in FIG 3, wafer interferoneter system
18 is equipped with a Y interferoneter 18Y which

WO peoadsedes a plurality of nmeasurenent beans iPCT/R2009/059232

Y-axis direction on reflection surface 17a of wafer
table WIB, and an X interfergneter which irradiates
one or nore than one neasurenent beans parallel to the
X-axis direction on reflection surface 17b, and this X
(1nlgrileaenetel npridwidessa) plit Abet gestribedtimedetall later
enbodi nent, two X interferoneters 18Xi and 18X2 . The
osubstantial measurenent axis in the Y-axis direction
of Yinterferoneter 18Y is a straight lipe (the laser
r ef er EmcexpaF8rpr@pagEdlug 48 bha)eRRPYHERERYpLeT 138
di rection which passes through_optical axi w
i@@@ﬁﬁ%%i%ﬁt%s%ﬁ%ﬂﬁ%‘b&f HeS et Bt i%gn(%éentvé?fer
of aljgnment system ALG.whi L.l L berdesgri-hednbakete the
e efgl?ﬂr%ﬁee? o?%ﬁec§f“%8%\éhnég§5§@és£?he p'o?ﬁti onal
| nf.armti wat e tipbh e s WEBpieR deh@ 1Y fXbid eflichelelrd oPstem
Bivd-the' agmﬁé%%?i onE:\Ie( and the (Iq)x direction) . Further,
—;dd1_e substantial nmeasurement axis in the X-axis
Irection of X interferometer 18Xi is a straight |ine ,
(the ref enenge axirFg@r ayi oasky deserifbednetprt REstem 18 1is
X-axis direction which passes through optical axis AX
efupsoeecyion apYitatesferenePer X8V nvBifBr ohERE;F2E8K| 2
measures the positionalinformation, of ggfer. t abl ec{\{\lgn on
pIurdbiXy akf snerFeEeRent SR8 Re1h2 CBFr écBFOR FAndthe
gy direction) . Further, .the_neasuyene axig 4ot X
¥%f%?$%¥%ﬁeFEFfF§9<2£?§ ﬁfs‘f’?gfeﬁh?aﬁﬁﬁew?%'the XS AT
direction which passe ught hedeteqbi-anceent eheof
%\W%ﬁi&%ﬁ@_né@gfeﬁﬁﬁﬁé if(_&?ﬁ?er &romster | 8XL measur es
the poshLhenglbahaf pEPBRILEM €6 the X-axis direction on
reflection surface 17b, and this X interferometer includes
a plurality of, in the embodiment, two X interferometers 18X
and 18X;.
Thesubstantialmeasurementaxisj11theY—axisdirection
of Y interferometer 18Y is a straight line (the reference axis
previously described) in the Y-axis direction which passes
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 direct%on).
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
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wafer table WIB in the X-axis direction (and the qy
direction) . Incidentally, instead of reflection

waeehasEsl 17a and 17b, for exanple, a novabl e PET/IR009/059232

consisting of a plane mrror can be attached to the

end of wafer table WIB. Further, a reflection surface
inclined at an angle of 45 degrees to the XY plane can

be arranged on wafer table WIB, and the position of
mwefcaimadtaldre M Bvd fet healZ-e TR din ettié oh-avais bdirection and
nmeasured via the reflection surface. The measurenent

ttad es difreszicionf (dhd the @Y atonetie:an bf

interferoneter system 18 are supplied tq

cont r Glumtmhezn, the mﬁéStéﬁS@anﬁe%,lsrfb’@véﬂxépr{aelﬁ%&rtof“@ﬁ‘rﬁr 18Xz

AR  BestE LB s DR 5P SR i} & Bt s Sroush
fer. tabl e WB), withj | j il

ety et el oyt Bhkees MBen K

epgRl MBS Pt HW RIS e i ersnidfaation of
#ﬂg%%ﬁgﬂgﬁ?gﬁé g§gl§%%%ndaﬁ?ﬁyﬁkgggﬁn cases such as
wen- kapa<twrmifl veé ehbixar {foscexanplaad byettonpbrastion) .
deformation or the like of the scales) of the
nmeasur\etEMeniad Ley, ahsereddet refdcenipd surtareediadgnd 17o,
(calibrated) , or as backup at the tinme of outpu

. put .
fbnoexahply, i & nhvakbhegdbrreysEeRfistinfePt RnPthBe mMirror
enbodi nent, main controller 20 c utes.th osi
¢aim opered FBACBEInEPeF S %@g %Twﬁﬁgge%-ag&ﬁl @T%m)gmo@ﬁér' .
within the XY pl ane, based on,neas nt -v
e i R

stem 18 t | i i erm (l"f’én £
BISIENI L o PLEIELETd samLing obpramd danoosscson
%%%ﬁ?egf rapeaniiral 16l eaK fo0Exegntk@kkitignt Banpbsi measured

er stage WST) when controlling the position of
yafetnst age1WET iowakerfhabl.e WIB) within the XY plane
by encoder system 70, and based on the conputation

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 6z rotation quantity) for
position control of wafer stage WST (wafer table WIB) within
the XY plane is mainly measured by encoder system 70 previously
described, and the measurement values of interferometers 18Y,
18X;, and 18X, are secondarily used in cases such as when
long-term fluctuation (for example, by temporal deformation
or the like of the scales) of the measurement values of encoder
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
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results, nonitors whether or not any one of the four
heads 60A to 60D is close to liquid imersion area AL(Q

W@ 2009/1394bpcated within [iquid i nmersion area ARCH/JR2009/059232
More specifically, in the enbodi nent, the neasurenent
val ues of each of the interfgrometers of wafer
interferoneter system 18 are used not only secondarily
for the purpose previously described, but also for
IR A f e Hd¥es Pl i vwd Daal 1nrted af ¢ ovmestes metys hem ds8 6TA 2
to 60D and liquid i mersion area ALgq. Alignnment system
MeEldtemnred granliny steenialn( &1 fLRk@EV abt Welch 1s much

pl aced on the -Y side of projection optical S P
Sveist By 3t et I DT HetPHi SRR, 0hs? gﬁmr?iy‘fzﬁ%ﬁ Jior

and 3 ._In the enbodinent, as alignne ;
erﬁg AR P?ﬁlgﬁf’@l%f Wﬁ%&é i??%%n%esn )y%% G p881ing
use i,.ch _is h g anithi

e e B ota Sy bEa T S5 BRI DR TR pamIeNibin the
£ JIHAAURS R e i N0, 2 BtosdBaadobatedeotipntation
wavel ength range) |ight such as a hal ogen |anp and

PELE OF & Norh REES PRIOEEBST NGr Ofiot henyraoke i oBgeh&héour heads
i magi ng signals fromalignment system ALG are supplied
60A i B0DONE tabkert@Q i(quefetmner FL G &)ea Ly 4pr is located

a[igpneqt signal processing system (not shown) . .

xtzﬂthgleinaqum lmm’egﬁﬁ@ﬁltaJSG;/%tAéﬁ)ALd\’IP§en%ﬁ’e‘F+ﬁ%?%JdlYo in the
e FIA system and an alignnment sensor i.ch

erpadiBees, atRehBrRALTaBER t?’GﬂUFFgH Fgcgjgﬁbjtggt

mark and detects t d. lLigh di

EPB?F%GEﬂ@?%?EE PRolieEhe SUbPECTtARrkRE: Sakas faoare used
I racte ' (fo [ i i ,

S AL o cenam] gl petod g Bt cunes

bﬂttiﬁfesc§§%?c Hbh eeL LAY WRNebated cheanréhet suhjlectwearat keads

Interfere and detects an interference |ight, can
gghuta|bMDbanusquaﬁdnemQErbmonomhbaaﬂﬂam as needed.

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
is a type of an alignment sensor by an image processing method
that measures a mark position by illuminéting a mark using
a broadband (a wide band wavelength range) light such as a
halogenlampandp@rformingimageprocessingofthenmrkimage;
The imaging signals from alignment system ALG are supplied
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
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al i gnnment system ALG an alignnent system having a
plurality of detection areas |ike the one disclosed

w0 poofisoexanpl e, U. S. Patent Application PublPCEII2000/059232
No. 2008/0088843 can be enpl oyed. Moreover, in

exposure apparatus 100 of thg enbodinent, a nultiple
poi nt focal point position detection system

(hereinafter shortly referred to as a nultipoint AF
Syaftee AR ightt cshawdifffded 1ighdf exenardtegl Srqmpyhe
the oblique incidence nmethod having a simlar

e gumattkom ks g diistl e d ntigirs ekEemp| example,

U.S. Patent No. 5,448, 332 and the like, i .
o e Mo e e and e L L B TIE t
S 15 50 0r A (R o) U B R Bl pe subject
‘gareﬁqéesr%erkgfe eStaq’a[E} Q{%eé@% 1 ntVd fle FONEE Of | R+ 20can

CUS position ormati on of the wafer surface

A—Jkd%ﬁ%; 3 SySld aftdd @ Bachomielestion pei ntebaded As
e e

on t tection signals of nultipoint AF system AF, _
ANy ReSH O tars 8163l hrda T Denseh e vt tragn bevting agplurality
wafer Wduring the scanni ng exposure based on the
set@ctéonorsatdas 1k deme adhg, dhetioped nin AFLSY seBaP e,
can be arranged in the vicinity of align t

WS Rk ﬁ“@@éiﬁ?@éiﬂtqrbr?qbd-ﬂ&aﬁd{qrbﬁlo('uﬁg\sgﬁﬂﬁégg%@ can be
information) of the wafer surface can be obtai ned

PP bP¥P@And at the time of wafer alignment, and at the

roasunGHERY S s S0P o Wier FEPERESeniay 1 o ewanmrer" ™"

Q%Sf%?gg%’ %?fﬁ 2}3%%@ pueLer p88d:tba bikertdeheslshegn

a posi er tabl e upper surface in the
%héfé§ngf£§£tél%1r@§jﬂ herasesd tioo pay ommltti@cdotcaF egstem)
ocus leveling control of wafer W. |In exposure

Appanat ushd@f, ifiurrber ipr eefabote FEGi.cb¢ by the oblique
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
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 W during the scanning exposure based
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
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R, a pair of reticle alignnment detection systens 13A
and 13B (not shown in FIG 1, refer to FIG 5 ) of a
waTRIesough The Reticle) nethod which uses |PgHIP2069/059232
t he exposure wavel ength is arranged. Detection signals
of reticle alignment detectign systens 13A and 13B are
supplied to main controller 20 via an alignnent signa
processi ng system (not shown) . FIG 5 is a block
1 HiFREHRMiThoNh Agnes Nardrett wadnietst ed «dntfferesyssensor (for
related to stage control in exposure apparatus 100, )
ealamipg. ep & emdodgui, das dpyley fesanat ethang qhegbile) detecting
recovery device. This control systemis_nain

scouisidurasd off thel Wadem el SRSV HE KRt Ot 1 TS A axds
i nclud -called m t ' i
S oo PR L e Ll ins
Read Only M , RAM (Rand Al Ve d
AFRDY LY iorat Eone Sves eer),

€, verall control over the entire

appar gL Ug ., ol -8XPESUEE £ ABPRDST UsutORec eRBEEQUAIBEVE Nreticle
t he manner é%scrlb d above, on manufacturing devices,

H etd phe rabEgraentl and hpsedinelamastireneystefos 13A and 138
al i ghment system ALG are perfornmed, in a procedure
GidH |Afowro ian Fgpi tal refanningF Bt egpercf( @ BrBcéBhreugh The
disclosed in, for exanple, U S. Patent No. 5,646,413
e ¢ he) Inekd)odisivighr eisiesl & ighitgpiehbede¥Resipy wavelength
systens 13A and 13B, a fiducial atq}(ng% hown on
mfarrangee. Wostasd iote 3% I5t &4 oty s%ﬁ% ~Mand
around, this tine, f er al.i.gnment a
S et DT BE R LB Ssa PP R o o Eedfipontrolier
S.. Paten 4, 780, :j ke mt Rgoki kBown) .
20 oo For HEAI R, el CBRT PO e U207 Ber Tor pe an
exposuffs operial i:0B1RK be a3trelr ahdwiegnanphbedalbgseditted

on the nmeasurenent results of the baseline and the

E688HLES Hfstidiereabeedat o grumyd coandol in exposure apparatus
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
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 systemALG are performed,
in a procedure similar to an typical scanning stepper (a
procedure disclosed in, forexample,U.S.PatentNo.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
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a pattern of reticle Ris transferred onto each of a
plurality of shot areas on wafer W. The exposure
wop@rasi4on by the step-and-scan nmethod i s perfPRPCTERROEN059232
alternately repeating a scanni ng exposure operati-on
where synchronous novenment of, reticle stage RST and
waf er stage WSBT previously described is perforned, and
a novenent (stepping) operation between shots where
aMaleesiagenMbices amred Adignmaate| BEAL whn.cht & dimglosed
posi tion for exposure of the shot area. Further, in
iexpasur exappaeat UisS 10 Ent Ao .e 4 IGOnédi7, 288 the 1ike) and
scanni ng exposure described above, illumnation |ight
thle dutkgoiang foenfiar@sdl e Ris projected on a sensitive

I i t | f ’ . li . '

Suppl (156 e N P BT Dr a BN an g 01 P P S Lom
f j ecti tical . .

3 GhecE TS Or R DEIVE T B p ey o g R L e b ropunes

cﬁ?%&%!%a%%?ﬁ%k%%%%mﬁhéorg§u§£§n§E?Eﬁ§dwéﬁe?&&ﬁi@ﬂmént, and
area on war er . en apattern is transferred on a

Shat rareac F nrdihie ReRi phems redue fd vateredduri agplleality
exposure operation by the step-and-scan nethod

steserdbedrehoven wafpi di i mTgresieoparez Alperadrian put tthe

of the area) forned on wafer Wby liquid Lg my nove ,
Strepn amd 63 ean aovizodel e rpay f orpaed ab%aah’%%%%aib?é( eregeating
of wafer table WIB by the novenent of vv%fer st a%%\ V\BTht of
arRk ATy T RS OREFe T W8S Fe 8 YBF HERAE S6TRY FEC

60D late28. In oth ds, b ,

T R ol e O
e AR . _ .

Pt SHORB 6 T Sate JRECRE I dr o7 et oon

e o0t e T e o R e scur oot beam
éf@ﬂtbﬁ@%&ﬂﬁi Fri 8kpssuptest the shot area. Further, in
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 Lg supplied in the space between wafer
W and tip lens 191 of projection optical system PL. More
specifically, liquid immersion exposure is performed. 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
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 W3T, and

may furthermore move to the area of heads 60A to 60D on plate
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scattered, or the wavel ength shortened by liquid Lq
formng liquid imersion area ALg and the |ike nmay

wo@ewaniv4sccor di ngly, head 60C will not functi oPCT/JP2009/059232

normally. In this case, if in the case head 60C was
included in one of the threggheads used for position
control of wafer stage WST in the XY plane, the

position of wafer stage WST in the XY plane cannot be
~eont gl bedepr peaky. htads heoRnbedédRNtay ientrderntte 1iquid
avoi d such a situation fromoccurring, as previously
Jgeeardiled amed Alopnt FAC.eR 2bowsmputsds tehahsas tlilewad

i nformati on of wafer stage WST (wafer table %ng
iwintehisi arh e nee filand am st GreheaRaenent 123 4e00f

each of the interferoneters, of, wafer, i nterfer t.e

syst el @ &tatpredcernited ST v 4 heags moved
controlling the positian f t T, h
S e 5 S04 e 00 pheREEon v
and, base Al 04 8560 ¢ She i Hggest vhetbesd,

or angfeaa%ip%ﬁéeﬁl%fg%% our heads 60A ?o %CD has ]'B

SPpr d 4 g iR esi@h aneatAhed Bydlngehdnagnforming
controller 20 judges that either one of the heads (for
XA emmdead B05) e has.cappd dachedkehmy pggid -i heesréinaly,
area, main controller 20 perforns position control, of

wed @16 0t age IVBFti Fundial oy neimmed iasednohhifecase, if in the

mea t I f the head f le, 6QA,

?@? Finas 605 veehinehEdEr S o Pgures B ThbaeRgsed for
or exa e, 7TOA, _70B d_70C i d f

eaarie: et a6y iRt s4eals T e Sha %oP RE 57

act ua t at

LM SRR AR el Spse Rl piseln oo

ég%séfg%on the -Y side of liquid inmersion area ALqg,

nd-al o

g with this novenent, head 60C is about to

exit aftefnendBiddtndrms) den |drld ] domersidosuathea situation
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
position of wafer stage WST (wafer table WTB) 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
controller20judgesthateitherone<ﬁftheheads(forexample,
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
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ALg, or in other words, a state just before liquid
i mrersion area ALg finishes passing through the area

woe@p/1brgad 60CC. In this case, when wafer stageP@BIP2009/059232

noves in the +Y direction fromthe position shown in

FIG 3, liquid inmersion a(rj@a ALq passes through the
area above head 60C and head 60C noves away from

liquid imersion area ALg, and in a normal situation,

(read S&apaehdl faowti on properly (restores its
function) and head 60C can be used in position control

of mt[a;thlagm%T.thldom/eaés,O%Eﬁﬁosﬁ@ctwlmv@oﬁeﬂate
of liquid Lq remains on (the_ upper surface, of wafer

wheehtee WATRR I tHee am ST seFd@ReODfip| e DB)direction from a

corres di t th h ' ' qui
B0 M e P RBFAT B S Cac 9 (b ade s TEng puptau e

epasse throu

Lg ALea, anove fiead DA% o ALpRSnAenol SUehyBflede, head 60C

berng 1 nterrupted,

scaptered, gfcilr:h§£’¥\@¥eér%@ffhgsrleéi%féEQi%YliUthmersion area
remaining 1rquid Lg nmay occur, which may keep head 60C
Aromdunet beRERYBEABRST & Vst aerefsyr Be fafrieel ibuddi inmersion
[ rsion area ALg has passed through the area above
anya afl.heads s60A passy therougioriheobiken Qreddiead $0C. In
the residual state of the liquid on the upper surface
ofi i ploatse , 28henrwatpordiags W@Ttlﬁfé"%é{%ﬁéﬁe‘[éf igrection from
surfa_ce of the head, using ljiquid detecting devi G&, 80
Eh‘lémsg-tg@tneéhpwg YaddGr-s3gdat %%éﬂiﬂeﬁﬁé@?‘oﬁﬁ?ﬁ g passes
escri bed. An exanple of th et ect.i O [
E?g@g%ftkt%éﬂ%i WS eﬁgwggg %%écr}el %%Odr eeoé;refslsr?g ?Jofrom

... 6 (A tQ 6 I ( h S re
Eé%ﬂl%d:‘”é%% &0 ﬁ%g)ﬂl f”dgr %Fﬁn@#s?oﬂ&g?g% E?E?agﬁgﬁé head

%{:Ec{nﬂgs nPgef‘EHEtQBnV‘@&@Fregﬁ | @ MEBowaf et sstraget\bh) and

nthis state, main con ITer 20 is to neasure
ResitsGnatarl Mormrid an pbsivafen tait 2o WIEE (weefear sstrarpeWST .

WST) using three heads (for exanple, heads 6QA,

However, supposing that when some of liquid Lg remains
on (the upper surface of wafer table WTB (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
beam 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 ALg has passed
through the area above any of heads 60A to 60C, main controller
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 detecting device 80 (liguid detecting
sensors 80a to 80d) previously described.

An example of the detection of the residual state of the
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60C, and 60D) including head 60C for position contro
of wafer table WIB (wafer stage WST) . In FIGS. 6(A

WO 20081891 t he sane head 60C is illustrated as BCT@IR00%$59232

circle (a double-lined circle) and a colorless circle

(an outlined circle) . The ored circle here

i ndicates a state where head 60C is used to neasure

the positional information of wafer table WIB, and the
0ehord @s31Gisw e dedteabed, arstatel vhéoer hedd GE0 ke 6 (F) .
not used to neasure the p03|t|onal i nformati on of

waf er Rtshl & (WIB.shawst e sirfodibadinse dxad %%\%%W into
descri bed, main controller 20 nonitors the posit

Fefwitd dmniearsiesn aﬁ-’@@d@matl@ngoﬁlﬁﬁdth?qﬁﬂ? e ?o‘ﬁafer

AL
e i 13RS RO GReL | LT 00,80 e Lab e
%@n{?oﬁl\éfagfraz%j{%{r; SLONEL 011 SYSES A1 ; §BEOr table WTB

war € en any one of the heads cones

g’épé’%m %%‘r%f{llsﬂﬁg Qh%ér&?@a&é 1 Slietk ainIRY, Sheads 60,

or exanple,” in the state shown in FIG

&6A) 'an@G@DrQLerlQidﬁ{g 2Q alosc e@aior pbat theadkGrdhst wafer
approached liquid i mersion area ALg, and before head

H5K) MY Jwiafee btggedismrer siro®I&Seat ARy, t@H%ﬁ@est@ﬁesame
head used to neasure the positional information
nader60@ble IR SruahdRas G0CHOTEhEATCHRI dR Hagbﬁsrllned

been used yet (for exanple, 60B) . g .ch
ﬁarﬂl@bnﬁﬁ@l@e@oégrégﬁgfﬁﬂ§c%ﬁe BBSPP%gﬁn8EI%éggigge’ The

bl
aRb s neRe e ik TR, KBLUES BL-DORUS AR 1o usea
fz Fosid ona Sghéibﬁgﬁbﬂf\@ﬁﬁa@f&@%ﬁ%fw 8501 a0, and

nirer'si OR"ar ea g is nonitored using the

g\g@r' éb?@@ieéé‘fﬁf@ﬁé o il £ tabke WIBrévieées Gi@gs not

neasured using wafer interferometer system 18, as
‘A@lel:l B mbBksretthee posiitiienall tefatrhahibetaieenfheddsole WIB.

60A to 60D and liquid i mrersion area

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.
And, main controller 20 is aware when any one of the heads
comeswithineapredetermineddistanceofliquidimmersionarea
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
immersion area ALg, changes the head used to measure the
positional information of wafer table WIB 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
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ALq can al so be nonitored using the positional

informati on of wafer table WIB (waf er stage W5T)
woreeasel usi ng encoder system 70, as | ong as BEI/JP2009/059232

unneasur abl e state of positional information (X, Y ,

qz ) of wafer table WIB (wafgr stage WST) within the

XY plane can be prevented, such as in a case when the

switching of the heads can be perfornmed within a short

ddoe. TWhereraken vt abhet MEBeibydsment | hehitYe dineqomiitional

froma state showmm in FIG 6(A), head 60C enters

Ad IH4 1bri Mrensien harels ADG doc 6APaaypinklawed ngyesepion area

FIG 6(B) shows a state immedi ately after the head

Meygi s nenigmead (URLNd diiel PoRr ool A e e vater

waf er table WIB noves further in the +Y,directign from

taele iR SFRYRT | TEFIS B B) e HRRAETE A MY e ott  of
pneetot et et SR L5 A8 PGBl vt [ i B A Rg@Bfionat
passes ! Y crect oi nt :
iRl L 08 HEARIdP R LTRD Sut! Tagut it fmersion area

ziaﬁg‘fééﬁt £l ¥o abd afoheas- 869G, 9ol nshé oppassisneh information
etection points Ma. In this case, main controller 20
begiaset heasted emts awadfet st ages WETal mebatieedi nsihgsencoder
case, residue presence) of liquid Lg on the L
phsteret ect asnlengfaseanf uhwadssoeblasFhgtei gi gositional

oL AT ST 208 WL L S S g 58,80 e

[ di at | t 80al of |iquid, detect]i ,

AT oLl LSS, £ LU 05, AR 20 A wnen
t he, f f t apl ;

Bt 154 UBRFhSbE 25 8Lgbe! ool o o WFB Lo, o ot

?ﬁ&gction points Ma are | ocated on head 60C, a part of
e nmeasurenent beans are irradi ated on the upper part

of heagn80GraABE, t & DHGITS tibdde Ivere Yy ofi neaftdron from a
;iZLZ shown in FIG. 6(A), head 60C enters ligquid immersion
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
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.

In 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
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WIB, head 60C finishes passing through detection
points Ma. FIG 6(D) shows a state just before head

weA0fisrpshes passi ng through. Wiile a state sPCIMP2009/059232

FIG 6 (C changes to a state shown in FIG 6 (D)

along with the novenent of fer stage WoT in the +Y

di rection and head 60C passes through detection points

Ma, nmain controller 20 nonitors the light quantity of
efdarised 1l baht sqaed erdstbthiha selnycad By atel ightdiated on
receiving el enments (each |light receiving el enent

a pdivdaduady Yo © atertesprondi mp it sléfaecan drhgoiprar Myrigce of
phot odet ecti on system80a2 . If the |light quanti t}/l,(jan
wWafieegt abéd W Usheruppey suripeeage Platgesdt - a 10 this case,
predetermned tinme including the head Ssing.throu
Ry 8 BT iRl SP6RCAT-8)POtNt R BF Fero Rt 1T Gt §e88 soc,
respectively detected a he_pl ural i b _Ligh

F &36itvidfg eefﬁ?ﬁtsélr&fneﬁlﬁ?o%Sagt%eéﬁgo%%?g?gmégogg tae upper
appr oxd I he ne (e | id4d REfer table
peaP ]gfrrg tg‘,gggh%oné 'nafq?ﬁlé o%?ér)% Iv;elr&gghg eltggg?lggflﬁ adtﬂ t ﬁer e

b 1 | fY eRinibag sanqt herphehodeteetion points Ma.
Y/!g'LisJBr’f g}:éeécg;g%e?&r%oc I? t hi sgf:ase, gs shown in FIG

BE) .6 (i Bhowat & ddLare FQscabesbacthéad S eadsbos passing
again 1 nstead of any one of the other heads, in order
floromgisur e the positional information of wafer table

W'B. Meanwhile, when liquid Lg remains in the area .on

the upperlear shake showar &p Flhl 8 (ECRAMRESR Sper state shown

surface of s)l at e28) correspondin

Prof et 866/ o Sup it of RV atenS ber vRsH Bbaos ST io
¢ 4 . . ints
225583 Lhroudh | 0y 1R sl 00 agey AR IR dipos ot

( € measur enen ans” of |1 qui

]}qgt GeL| n@oﬁ??é?%e?% ARS8 4 O &Pt £ghOhuseti ket rb¥lected
|QU|dqu, 0 e plurality of light receiving

f#&ﬂ?@t&e@EcEE@tBQGEeﬁthQl§¥§t©ﬁ1$€§ht kegbti vdugneilepents

of “the reflected

(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
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 liguid Lg remaining on the
photodetection surface of head 60C. In this case, as shown
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
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lights detected by sonme of the |ight receiving

el ements corresponding to a part of detection points
woroohaxel head 60C (an area on the upper surf aRET/fR209/059232

upper surface of plate 28) of wafer table WB

corresponding to the photod%kection surface) passes

t hrough, decreases nore thanthe |light quantity of the

reflected lights detected by other |ight receiving

28l eEBRL-8 s phRelielote, tABi pheostebbtetoROsdefacesof ead 60C
I'i'quid Lg remains on the photodetection surface of

dread 6RGd wodhe ases Wendghghti quiahtinyexgiqmerea AL as
reflected lights detected by sone of the |ight

steoel LngIcl.chdils BeserFbethaypeasaEereRsReaABF ©F nappuid

the light quantity of the reflected |ights detected by .
dgﬂg@tgn(q?;tenr’f&rei&ﬂaner@| éﬂEﬁFngRﬁgl S e s S
changes, int . state s in
‘g W TG TDSH, TR S fI RGN
i rection .an Ss [ |
HES S S hIR Rm eephTERLecy | on get L cotes
#ég}%éwééﬁgé%%wF%ygs£ﬁ@d§fe%@@piiéwf headi6{hgt @lements
sure the positional information of wafer table WB.
dHsrd dbeg t oacgatbetheadchad chepnidesdts ethane hgad 60C
liquid Lg remaining on its photodetection surface,
rei mreenbrotheru@fe does faste Ushet hpphtaslrfaRAfuPéate 28)

the positional information of wafer stage WST u ti%.
@ﬁam@ud@a@sﬁswfﬁr eoghe FPRFENY nher §PE npaﬁadﬁﬁac +on
again and it has det ect ed i ngl i qui hE
flesrees bR BhgBLERt | NGCEASOro 808 FaoHou] ot AaECT

i quj g no, ] onger.r LNS, j '
AT B Geo R 0B By TP RAoERBRaLhIr Curor B0 Sur e gat gy g ont
Instfligg gﬂe%@g%%.ta@ﬁékgg- ejrhéfﬁ ESSEr¥NEart 0 Qetects
horethela ete

_ s are cted to have liquid Lg renaining,
Phat r‘licﬂgi&%?cf Ahen dLeshdupt phsitdde bast beersuefant ef head

I'n one head, and then
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.
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 WTB.

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 ALqg again and it has been detected using
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residual liquid is detected in another head before the
one head is detected to confirmthat there is no

Wo ewpbdsmbl | i quid Lg, nmeasurement of positi onal PCT/AP2009/059232
information (including information on the gz rotation
quantity) of wafer stage WL, within the XY plane using
encoder system 70 is no |onger possible. Therefore,
five or nore heads can be installed on wafer table WB
J§9nﬁﬂﬁ6e%%%ﬁi®g§H%&@HeoeOi$1hqa$dldkeégtingoseusor$\&Oa to
In the case of head 60C descri bed above, when any of
g heads Middidt avg treo thenger siafea from Fapandingly, in
i mrersion area ALg, main controller 20 detects whet her
dtyarsaties appp regsisdlal of dhiedempodarent iRy ¢ ifqgheads are
getectkg% sensor 80a which has, a plurality .of
Jd;-aﬁfeﬁpltli s Poiwriey detett P rarhs FECHIC 1RSIV o more
0 iquid inmersiqn area ALg.. Fuyr ; apy s
ot S N BRESR rOnT R qut B her b EeRe A 2E oA Y (3] pheoace
»fY r?'rrge%’idtLE%_ 1>J§q§1g_‘ijiehagrbé@ﬁ J& S €& ofn e hie@Wl, dand then

i"on area, ‘main controller 20 detects whether

fgggﬁh%f.ﬁﬂfuf&siguﬁétééﬂéﬁdi@raﬁ6&hefeﬁ@&@tbaebye the one
using I'iquid detecting sensors 80b, 80c, and 8Cd
hayd NG deRledrald ty ebndékacthan yroird ssvino MesidnglMiiquid
on the -Y side, the -X side, and the +X side of |iquid
iaensi sureneat Abf, pssbtianal olnfersatéonhdangsrAgng

sensor 80a. A s described in detail abqve, ac ordigg

tof exposier appdratis OGN T b ,Wa%&rrns ge WST
controller 20 npnitorsth I ti I | atj,on_b

NeRas" oche 17 GOBFBR A R BARRIBF SP8R "ePodCALG, TRAgGA S
on e. neasyr enent val f i ;

e e R R
f1g8dzs tébiécﬁﬂﬁ' éSdtﬁéfsbﬁahF BroughatigHi dsi MeBESLORely to
area ALQ, one sensor of liquid detecting sensors 80a

£e-80d of liquid detecting device 80 is selected
according to the

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
+Y side of liquid 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,
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
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proceedi ng direction of wafer stage WST at the tine,

and by the liquid detecting sensor which has been
waedeasmdl the residual state of |iquid Lg on PE¢EIP2009/059232

phot odet ection surface is detected for one head (the

head whose upper surface |igyd imrersion area ALq

passes) of heads 60A to 60D and the detection results

output to main controller 20. Therefore, main

RN kebn2@ eanakkasubettbenphsatisofibh tof@dpeandniquid

of wafer stage WST within the XY plane, using three

herdss wWoseehi ALd basedual titeareagureRent values of wafer

phot odet ecti on surface is good (nore s ecL{ cal | g
ihritgp b i RYFEOM hBath BERCOGSECRY S AR oIt ngi! WERE anY
use of the encoder head i ch does _not fun ti o

% o ma@@elﬁorﬁaeanwa%a?aﬁaﬂnﬁ“—%% 1q0ta immersion

phot odet ecti on surfac

I
FFh 5 o TP ARG & TSt ABF o CnGaSEe SRRt ?902“5 968 £o 80d
PO “aa' A0S QLIS i 80 Dle We ©f s S E0EMET afubtheng to the

o exposure apparatus 100 of the enbodi nent,

éﬁﬁ@g@ﬁa I&hfggﬂfdﬂ|d¥ wir pereigss Weaskti ohe time, and by
asurenment and position control of wafer stage WST

whd h1 hirghd piecd st g sishagr t hiei threes ebeerdescheatisd, the
that do not have any liquid remaining on the

phot ddet exdtdon ofuil fgué dal.a ool tien§ detsedirm surface is
operation by the step- and scan nmethod, it becones 1iquid
potstbed for termsherda(paetReadorNPeei LPRER BHnEESE +4

hot f W h d . . .
FRREF o1 h S0 BB SR SERRRC G Tk S L ARt fy 8eeeton
Furt 0,gf t i
R e I P oS e

EhﬁtESﬁnga%o %‘éﬁtrﬁegéufgecﬂé gukdtfiehaal Intbemaeads of wafer

appropriate tinmes such as during an idle state
of shhey &P %pc@ltllﬁs thét Xt el driare vefi ngat Rreexodadgevierme 1iquid

the’li ke. Therefore, a sensor

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
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
precision, using the three encoder heads that do not have any
liquid remaining on the photodetection surface also during
theexposureoperationknrthestep—and—scannethod,ji:becomes

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

on wafer Wwith good precision by the liquid immersion exposure
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simlar to (the individual Iiquid detecting sensors
80a to 80d that configure) liquid detecting device 80

W@ 2009h394ar r anged at a suitabl e place ot her thaPCT/he2009/059232
vicinity of liquid inmersion area ALg, such as for
exanple, in the vicinity of @ position where all the
heads pass before the begi nning of exposure.
Incidentally, in the enbodi mrent above, detection

b§;0it'i‘1te5 Maefn iHohe xbeidiidd edthatit ecting sensors 80a to
Qd) of liquid detecting device 80 were placed so as
to sumetthert hénpexpphery apphigbild 10Persidie ampdiment,
ALg. However, as well as this, because |iquid

iitrmier silow AffRcAliqd $onRkOViNe e SEBRRCYi e d$igrct the

there al so may be a case where t d hardl

Heisd @R sRate oh theehiapddi ho r?eﬂ;%%?%e%?% eaé%lﬁlg%%gaﬁ%ely'

in such a case, the .detecti.o o] t '

o Hes %Uafetcglﬁjin@g ad]ev%cc{:heé)céa%%%(cgfa%g%lag%% y at

tgbge .iYeSE?%\?aP% | L gjengﬁﬁs’j:ﬁ’é‘ ed ArterMBt@e, a sensor
::Cl fY°car| Y, h

Se € sensors arranged may only be |liquid

et eChl NG, SENSOrsBGa AN 80hyu i @dtdeyingles@csdon 80a to
Sglgt?lﬁjicagf nI\/tgO and I\/bl. I nci dent al | ylf in the enbodi nent

SOV B a tt ben EBgErhas ibeen desectbrd deeraee BDqambe arranged
detecting sensors 80a to 8Qd that configure liquid ° i
getent 1 nap Hepilece8it hrte thhackhe icdrddly @ ligled SfmgesLon
WST and the residual state of the liquid i,s detected ...
d1ga el headhwaBcRoh X paRsRd thridtRyf 4G Gdiy PimBrkPantion

o I
of  hoaHS TR b et SeEREa T, ZR0rR Sk gt points
PR oA 4001 0, St 108 T (@Kphnamic
3b- XML R R 0 Guird gesestigigasenssurradndittieapeyiphery
arranged on heads 60A to 60D. Liquid detecting

of liquid 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
liqguid immersion area ALg in the X-axis direction, and in such
a case, the detection points (detection areas) of the liquid
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
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 liguid is

detected for the head which has passed through liquid immersion

area ALq. However, as well as this, a liquid detecting sensor
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sensor 82C includes an irradi ati on system 82Ca and a
phot odet ecti on system 82Cb which are pl aced proxi mte

wo 2009/1bosi ng of head 60C, inside wafer table RIBIP2009/059232
Irradi ati on system 82Ca and phot odet ecti on system 82Cb
are covered by plate 28, alopg with head 60C. In this
case, liquid detecting sensor 82C has a plurality of
detection points (or detection areas) in an area (nore
wHed fdaatigirdhe phatodet atid an gurd abetaft hreadiaoige can
above the upper surface of plate 28 where neasurenent

dee alrRd ilsBi duaidl yt B danromd attedtton mloatal bt wtef dieads mounted
(diffraction grating RG from head 6QC and diffgaction
dreansfenf stEgRIERNSUERmS LR A¥ATNEE  repads 004 Tto 60D.
diffraction _grating RG pass thrqugh., lrradiatiaon
systeﬁﬂéﬁba7ﬂﬁﬁa§P§tE§Bg‘ﬂ%ﬁ%&?gﬁgﬁF‘%gﬁ CERG NP RRSPE 82C
obl i quely inci on each of -th I [ i |
DRSSP S05n Tt G T B ar-peteoggra seneor
this case | tde .angh guoll ddeectin
SR E A e 6r PEe * D) 1 st panent ?

%@%é%é%ﬁ@i@&éy s6fl eci@davben theteni 820a hhquad

g remaining on plate 28. Phot odetection system 82Cb
presebasse tbeor efyeesrds 2Eighth béh neasupbaead beaxingoe to a
fromthe upper surface of plate 28. In this case, as .
Ishosing no £l Bead 6@), , imbede| vglied tgblentiTfBs ohrfRGtation
28, because a part of neasurenent beam LBo | eaks fﬁ?"]l :
sm*eemtsgmaeawh@rcadrevcaercaoeq?yﬁ%m%@%alfer gRyered by plate

tit f th f ted |jght f t he.pl (1
et G b RESTeb et ed b BRGT LeTib] R egneor
.. Ther.ef , ' t Hetiest ar
$R PR Ry pF i R ar P S LA, (T RRSETuE apeas)
ilr?.Garlliﬁ .ad.(%%étée?g phokodet 6t | O PHdBCR 1 ctiend skdEace of

using Tiqui ecting sensor 82C by detecting such a
£8389d NabRectiialipbk 8uady bFypldye asnangieigeasurement

' quid detecting sensor simlar to liquid
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
detection points on the upper surface of plate 28. In this
case, as shown in FIG. 7(A), the angle of the obligque light
incidence is set so that measurement beam LBy is totally
reflected when there is no liquid Lg remaining on plate 28.

Photodetection system 82Cb receives the reflected light of

measurement beam LBg from the upper surface of plate 28. 1In

~this case, as shown in FIG. 7(B), when liquid Lg remains on

plate 28, because a part of measurement beam LBo leaks from
wafer table WTB via liquid Lq, the total light quantity of

the reflected light from the plurality of detection points
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detecting sensor 82C on all of the heads individually,

mai n controller 20 can constantly detect whether there
WO 200ang94pesi dual |iquid or not on the phot odet BCT/JR09/059232

surface of the head, not to nmention during an idle

status of the apparatus, at fhe tinme of wafer exchange

and the like, without limting the detection to the

time right after the head has passed through liquid
dSFRAS OBy A Alete JIdrhey st ém stsdeaseasede |Thpuafore,

detecti ng sensor can be arranged on each head,
e8gaedhess 1ok rthe canndereof theadssifual mdrate hfphexample,

description so far, the exanple was described where £
e intwdnprebeace2 0 fshediiukb ohdrhe RBPEOPS LMy Lon surtace

& o U e T D% COEL 8 B S et
flected |ight i ch i i ) et d

S St B Ol LR heng L

 esi d;ggy'ea'rkgt‘lbggpr;ar S4B o dd\ES . 1R sB0.8:CanE; Wi o iquid

head S no y lose its function, and the

&@@é&%ﬁ@%eﬂé&@léﬁ@feﬁ he 1pegi thennkatlsf dhaBvidualdy, main
possi bl e” al t hough errors occur in the neasurenent

Vehtes11en 20i Gagasenstheteyrocteay whewhehi hhare is any
-perm ssible level. Therefore, for exanple, the anmount
ofsideal esiguid ¢i quitd con thiee PpRELEESESEL BN SYGERGEeCT the

of the head can also be neasured by the ch in &
heght mplaid Pengiophdurénpedt el ghtd W é%n ﬂ% pRBATA 1S,
det ect ed, [ | i qui d detecti [ 80, . -
R
to b bt ai ned, i dvar [ isk

b oaeERChEPT 581 BIE oadet aF e AL R acioonent Lrrops=oc

gﬁ%%ﬁsﬁg‘;l ui@qSth?sﬁgﬂ%e@ﬁLﬁhe rgstddal ir gHi g case, the

_ een _talned is to be set as a t hr eshol d.
Then; gi hetbethag ddakoanent bef akrirauigdd onl essht haad,

thée threshold, main controller 20 begins to use the
hegldrdless 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,
which is detected using liguid 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. 1In this case,
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,
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agai n, judging that although errors occur, the errors
are wthin a permssible level. Meanwhile, in the case
wo b@onggddual anmount of |iquid exceeds the anDRel/JR2009/059232
the threshold value, main controller 20 can judge that
the errors are not perm ssiblge, or nmore specifically,
that the head does not function properly, and can
decide not to use the head. Incidentally, in the first
@pdir-ERt iBescahdect alfoves rekikdesflhki gxadplsethds gebnined
descri bed where two-di nensional diffraction ‘grating, RG
was dveirved kon exdpediowert sodf sbe dfikseabaspPape parmhgsible
well as this, a scale plate which has two
xgqﬂeaw e $ilen dle a@iURTemestt 65 TEAL PRES TRAGEE pBRFoliPE amount
irection js in the Y-axi,s.direction a t.he X-axi
& et JEIE N6 BRI GBY eradd §p DS set
sca late. 21. 1.n thi S - ne- di ' [
3 b TORLE TR wsca T e sana T et o PLBid e Lo
%%%It%lc?dg@%%h%st,hﬂghg EWEFol Ner A EBYHBLELY tRRESe head
an may face each other by the novenent of
aﬁéfﬁ,Sﬁﬁ&&iﬂ@”fhaﬁdalhﬁoﬁgﬁ-ékﬁansieﬁahrditheaetkoms are
grating whose periodic direction is in the X-axis
Witechi anpshrikdibbeeletbk. andésamiie: ke X headse 6CBsanthe
60D nmay face each other. Incidentally, as a cause of
peis pata htarovumdt iofy Loflui deesrasils Fés aesuphe kit thagghold

liquid imersion ar AL dJliquid. L ini

gﬁbu@hgpga@t@@mﬁlié‘;fza@eca%? i et T SESudry mot
escri be h N [ [

BRSFLARGCLRe PFKEoBANGPERY TOR rAe nEAd oy ead Soes not
Lnterruptin me I [

el R T B

consl dfgggdehg%ﬂ_m§ CAS & HeO¥h rafearflb dBNGE RD e SRS BBBOVE,

provi ded on wafer fable WIB as in the enbodi nent
a#hove, twhi kgaiblies hagcessar Yekarpbrtiomimere two-dimensional
diffraction grating RG was 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
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
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 Lg remaining on the photodetection surface of the head
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nmeasur enent of the positional information of wafer
stage WST within the XY plane using three heads

wo owatiadIout si de the liquid i nrersion area, theCTH/@HIr2009059232
mat eri al adhesi on descri bed above may occur in one of
the three heads. In considergiion of such a situation,
five or nore one-di nensional heads nay be installed on
the wafer table, as in the second enbodi ment bel ow. -
A SecerdvEshediyeris cMeved, acaasendsenboss nEotebfn treterial
present invention will be described, referring to FIG |
fich Herdyst hedsane lidecadheeinamey bhe Wad ape infrrygpting
the same or simlar sections as in the firsg
b ontiamrtene ey i krrly Qedea} Gt R QCHeTEIPggin the head

gt it gty N
different f t 0..of [ :
ST T oy SRTS re P, s BabnebliTe as in
#ﬁﬁté%&>QEﬁﬁg§§ %%?58?1%ﬁifg ﬂ€a§§r§écé5§a993£biﬁg@form

ormation er stage WST, especially int

ﬁé%ﬁf@ﬁ@n@%ﬁ%@@@B sheadsa0ni Med ea 51iageo M6k fand sthege WST
contfiguration of scale plates, and as for other

SEehi®nshe the pbahbgusahyonhaad hbadki kechtetiheutaide the
Accordingly, in the description below, the second,

Ehdpoik nemtenk LbnberdescthbefprebelsPageHardl F966S4GEN
differences . Incidentally, in the eggos ke apgar%;us I
d¢sehileed oRECEALBAVNBAREUT] FuPBdefe an $EfisBrges- -°
simlar to, liquid de ectin? sgnsor §de(g%f%5r%o FI GS.
o daRyt FOPBPL) SPF8vFobsFYaESRY Y bed ar € provi ded in

the pluralit f_h S [ ' escri-hed.l r
Bhe~ ?§n§b8§ﬁ i 05 ﬁg,mﬁ?q%?d%%é%gggsﬂgége$?§ewggg% table,

ORI i

- A Second Embodiment

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.

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
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
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exposure apparatus of the second enbodi nent. A s shown
in FIG 8 , in the exposure apparatus of the second

weeodsyrent , four heads are placed al ong the fBRCF/JEI0AEI232

on the upper surface of wafer table WIB (wafer stage

WST) , respectively. More spgeifically, in the

vicinity of one side of the upper surface of wafer

table WIB on the -Y side, four heads 60AI to 60A4

£ g ehibba i acheadl i i d GloA carte g aepdoas similar to liquid
predeterm ned di stance along the-side. Heads 60AI to,
SSearimpbanedrad2@ (diesteante FliSger (Rhand Hd Bii) dprevpiously
liquid immersion area ALq in the X-axis %igection . .
St tHeeq ane nueyided dint her PLREadigys O5nERESUBpEFR will
surface of wafer table WIB on the

- X_side, Y .
S e Moee Resieriralife phafid detecting
fi ' head i d 1 64
SSPL a0 & 188G Ykt s B bl 0L ABRCPBREdEHD OFF
604 I qurdyng, a head upi11 $UAner el gredaal 9ngwt b€ an

respective sides at a predetermned distance. The

0£845, PEQRGINRG Lo E ieh S BEBoNGAShIbY imeaite. plraceHoah im FIG.
di'stance larger than the width of liquid inmersion

@J emn Alite igxddass ramgerents diff eébei ercoRdr ebpdimgnthefour
exposure apparatus of the second enbodi nent, instead
béadsabee phhteclapepyi bl fousserfipedOnf Bip YpRPE surface
pl ates 21A, 21B, 21C, and 21D which corresgond tg hqu

Y. ore

ofi vafeontaBbs, WEBC(Wah8r6BEAPESPEL! 1 vEPFPEFEL TS
LRIEEE, 5 5 LR A R RS DB B st
the + i n | e : . . £ |
LioydteBL 0500 1A, bAShernd, phap sl spaom konl <o con
éHEEg?ﬁrQH?thPégdshggk gbaseakeppbates a21A préddiGrmined

one-drrmensional diffraction grating whose periodic

di seghbenaisngnthbBesYdaxi Hatidedlmntbs60ns etk placed at a
Further, on the |l ower surface of scale plates 21B and
AlBtadce 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 60Bs4 configuring
a head unit 60B, four heads 60C; to 60Cs configuring a head
unit 60C, and four heads 60D; to 60Dy 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.

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 60A, 60B, 60C, and 60D respectively are arranged.

Scale plates 21A, 21B, 21C, and 21D are placed on the -Y side,
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one-di nensional diffraction grating whose periodic
directionis in the X-axis direction is forned. Each
whead/1bebongi ng to head units 60A to 60D irr adPGL/#R2069/059232
measur enent beam (neasurenent beans) on the
correspondi ng scal e pl ates to 21D, respectively,
and by receiving the diffraction Iight which occurs by
the irradiation, configures an encoder (70A to 70D)
| R NBARUN 6%, P0S tdingl drif arHEti0ms iafe waf ethstiagesr end
in each nmeasurenment direction. The width of scale
dH 23S s2tAchooptDchs syftémi BNt Inespengdvetlyan Ohethe lower
di stance between heads adj acent to each other
diel e g Heo sarEaceespoblie g Fedale umitt scang phates 212 and
nore heads belonging to a corresponding%hea uni t_can

XiGwla amvubinersicnal st Erafat e JFFCIHE €RaFR BRbIRILC

duRe et DORORGP i T6 MU LT 101608 FACH Eial L FFACEY ©
B U S S GOt ) heads Sathe Wh Chiare X

%f%?%é&%\%%l%ﬁ%l g%%ﬁf'ra@%qo@pggaéﬂﬂgaﬂ%é peeigedledirection

respectively. Meanwhi | e, none of

{hei f ok heads: beh orEEPYoh 01 Beadrmatt 60C face scal e
plate 21C. Further, at this point, head 60C3

appr oaches Neaqubdlonoknsi om hereshuAlilgs ¢OAthn $0Paseradiates
mai n controller 20 judges whet her any of the heads .
hawes sypperoaTh deb o (em=sTRaE)eT deisEs) e §PEnCaF 8§ARERAInY
or not, based on positional infqrgﬁéjon of .wafer sta

werasbeien i ig ddler e o) Boft s IR0 Che
L ystem ,as i i ous] v i .
FUBGESCLRAE Teatt BLS e Bt daENed 11 quId es o 5A0 %2
ALg. Then,. & 1ol el i
Bt 008 SR PR el s i e mac oo

B%a9§fg§%ﬁgﬁﬁaﬂ@ﬁdiﬁoggchTﬁ@agﬁﬂgﬁent direction. The width

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.

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
60B; and 60B,;, and 60D3 and 60D, face scale plates 21B and 21D,
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
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havi ng out put abnormality include heads having foreign

materi als such as dust adhering on the head, in
wW@eptizam t o heads which were detected to havePCT/gre0eb/059232

remaining (or liquid remaining that exceeds a

t hreshol d resi dual anount) q¥ the liquid detecting

sensors provided in each of %e heads. The adhesion of

such foreign materials can al so be detected using

a |C€L8Id et eqld g dnYiger 180 LV oUsd dhadeser | e dva e istage
obvious fromthe detéction principle. Then, main
ANt 418fe 2 Q1 Sl Gl drh el iteeeSsarye tembey s oém heddor the
such as, for exanple, three heads, fromthe remaining
plavdd 1 tay siferteads isFprevxanply, dpacrhbedasandflwges 7chat
, main controller 20 selects Y head 60A3 fr%F1Y 32%93
IBOAR 60603 aprl GOFET AéRHg dSHHEIRE DR 8T8 LK héagh matn
60B4 from X heads 60B3 and 60B facin caj I B;
canrt 5o bk SOCHIF TG e FEHSB0Tk° aka%a%o%sﬁg%%c?‘%ép&% S
cal e te 21D re Lve : | ol I8fe nead
Soigetl EremtiR GPERERE by drte SRS i ne ST OEL g e neas

gafg?%GgﬁépuénQbﬁgﬁﬁ i?ﬂfoﬁﬁéﬁu&gmhezggyhéﬂﬂn%of%réﬂgn

posi i1l ona ormati on of wafer table WB

r&é(\@éle{aﬁé AGEcVBRIY duds desafidiedn ahe heapl,udal atigivfion to

eads, main controller 20 selects three heads
Kengoderisih aetreofetbeteérnm hiavg hibgdidttenaiexaiaden heéquid
head in proximty to (or has entered) |iquidimrersion
peeaiMiog BhdtfexchedsoaethraghndaddraAteRal s2BEREEqCY the
Pbas i CHeRE SV GEER SHP B TS HeSRBRct] GRpeads, The
oo B B0 LA T By BES | ced ustng
:?c%gg_glcpegcethcfnhgedgéggg uéroepéggﬁ%ﬁ%*_’@ Msdhersecandi s obvious
from the detection principle.

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 60A;, 60As, and 60A,; facing
scale plate 21A, X head 60B; from X heads 60Bs and 60Bs facing
scale plate 21B, and X head 60D, from X heads 60Dz and 60D,
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
70D) to obtain the positional information of wafer table WIB
(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) liquid
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enbodi nent that is configured and functions in the
manner described above, besides being able to obtain a
warmplizroef f ect as exposure apparatus 100 of tPET/§r206%059232
enbodi ment previously described, the head which does
not function properly due tq,adhesion of foreign
materials other than the Iiaéid wi Il not be used for
position control of wafer stage WST. Incidentally, in
ihﬂgﬁfs'i;o%t %@@g AIRE 0884 ehadidven % denerided wvallohe s docated
each of the heads 60CA to 60D (encoders 70A to 70D) ,
oWisli@ed 1aRLrHd MRA®elan ereed@L.otinse aEasUrsem@normal
direction is only in one direction (in the X-axis
mdias@eten@m torvaihes sY- @ids by redmid Mhende ageRpsf, values of
besi des such an encoder, a two-di nensional encoder
t\éﬁ%i;brnfea]sa&dﬁer@b"'eﬁiffe%ttihﬁwpp§ifcliro hiEheTRAERPS Of wafer
irection and the Y-axis direction can also be
tepdicoE@® (i S'@8% "Sin controller 20 can obtain

positional j.nformation (J ' ' td
qz r ofEEC5 lﬁﬁ%ﬁ¥%fakf 5%&%éﬁéﬁ¥{%hﬁ%yé%ﬁgg(%gpgfg!§{§;§d

e%@diir& th Z%R%\Yt:epiér@onfi%u%%@, FuSE Do NEasHIr e nhanner

Uues o ast two encoders (nore specifically, at

d8ast; W 18RI Ss Wk € b auigpalh 1 effeebtutnreasnidmemifect
val ues) facing the | ower surface of scale plate 21

4 evigssine departhed DOV dhediffifisgicenbadghant igr RGously
is formed. Incidentally, the placenment of the encoders
ddmariyedn e heeemisichgdors nRé FPPSE1aRIPEBEBHAY due to
enbodi ment above isa nere exanple, and the present .
adiventonrd Foxelan Rrtegipdst AFEST FoPaRyHtpl é,qu&ﬁ will not
encoder and a backup encoder can I 0 ach of
@%éu$%@rf%6rﬂ%?§tb?gtﬁ%nﬁﬁ?grogtgggegl%ﬁggg @g i al

direCt'Qgﬂﬁéﬁgé fz S1 Q96  Lepl £ £ﬁ§t§§£®n&neﬁbﬁd§ﬁéﬁts

of pl n-encoder head on a surface of a novable

ggggrfﬂgg Qﬁo%@feéstégéﬁ MWB-huwaheprdst 80R to 60D (encoders

70A1x>7OD),whileacxm-dimensionalencoderwhoseneasurement
direction is only in one direction (in the X-axis direction
or the Y-axis direction) was employed, besides such an encoder,
a two-dimensional encoder whose measurement direction is in
both the X-axis direction and the Y-axis direction can also
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
output effective measurement values) facing the lower surface
of scale plate 21 previously described on which diffraction
grating RG 1s formed.

Incidentally, the placement of the encoders (heads) on

the wafer stage in the first and second embodiment above is
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WST) , a main section of the head can be placed inside

the novabl e body while only the light-receiving
waewplisndi s placed on the surface. Further, inPCH#P2009/059232

first and second enbodi nents, while the case has been

descri bed where a liquid detgction sensor was

arranged, the liquid detection sensor does not

necessarily have to be arranged. In this case, an

OHlput canfdptiBe bhketnak phesentotheventhoheisiseot limited to
I nstead, or the head which obviously cones into

tgart.ackow tRatpeel,i gui énicodetre aexpes es ks gaseslegasan be
VS|any be changed in advance to other heads, w thout
Hmmﬁﬂﬂﬂﬂm@aamyOdfthhebequﬁﬁrﬁéfécPfoﬁhel%afﬁ¥ss?%@ﬁaalong

i f abnormality does_not occur in the output of the
& gravkira Inakide ¢ HeOh PR D St getP BRI n to the

f or mer_ head . I nci [ ]2 i
par GG A i ATl ik So s T i ef e on
sg.ﬁ:r -ahcgexg ag%oxga%é)%ogg%?%%%E%Eaféﬂle REtB QRk¥er stage

e exposure op ut al so during other

Wr,até QSsn SUCH: BSn SOTrIeXaNPLE, caefBEeptacsarknside the
et'ection, or measurenment using a sensor on the wafer

P08 Seely RE1E8 dHTey ehel 11yt Aattehviregsirdtnipn is placed
sensor, an aerial image measuring sensor, an
o1t rigtek adwofaceasuri ng sensor, a polarization sensor, a

wavefront neasurenent sensor and the like), . However
the wewrtistmgdnihe fisest Pochaeecas TR g S, WHile the

measur ement menb h
PR A R GIF SIOHE WG v L0 e (PSP A OB EREO" VaS

%?%$$%$$39€%?§ £%ﬁ$§hggggcgfg? Séﬁggggaoggnneﬁ_ﬁ@@%%ggrily

ase of neasuring positiona

B o B 2rnRe T Ue U Pt e Eaas i ement e oF
st,a0e, Whish Wi b sdasenikbedd| abertion head which obviously
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).
Incidentally,j11theexposureapparatus(ﬂfthefirstand
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
(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 ligquid
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Incidentally, in the first and second enbodi nents, a
sensor (or a head) which can neasure positiona
WO pdoonsepi on in the Z-axis direction can be use@I/JrP2009/059232
together, or a sensor (or a head) which can neasure
positional information in thg X-axis direction and
Y-axis direction, or a sensor (an X sensor) whose
nmeasurenent direction is in the X-axis direction and a
SERSQ drf QYrReRs L IWhese Weaber egeneddoneché omafsristage.
the Y-axis direction can be used in conbination.
Besi dgsirichies,, amee heeae reswdiiartye aranmdss P pioxd t5ionklarly,
information in at |east one of the X-axis, direction
b tie theaxiasali v ot kg mw’@%@% Hiesrebhorant 2
al so be used. Further, for exanp I n_an_ex ¢
mrmwmmepwléa a@neaﬁpﬁéél lei%Pe?ﬁ‘%ﬂgure apparatus
allgnnent S m ar e spaced ap rt, r scal
R e SrOIAST 1 e Ve Ay e EFLpnGe fegpeiped
i $(ﬂ£ect|on opti cal systen1and in the vicinity
'p Yy) of the alignnment system In this case,
when expos PROSHIR DPEY, ationof Mefer Wd SsPesheramodiments, a
position o e wafer stage is measured by the encoder
S¥YSiem (disiantczhie sedlcd bear lepkacedpbnithenwilcinfoymation
of the projection optical system and on wafer
ah itglemertxasddl hectike, cehdoosied bagetheke wafepensor (or

stage is neasured by the encoder system uS%Qg%thﬁwax axis

3 twlael) bolai dh slaacBeapprreteo vl el apay 18 orHé t

system Further, in the enbodi nent above Qh g
da5echien paeh! qRELP PP e 8- iaPEPPht &'t &rdih

tem wa nged in addi t oR tqQ.th t
L, LA S AR
h%%gd%gnggs %ﬁgggd égﬁkgﬁ@hﬁlHXrebﬂl%ﬁcﬁsoﬁnIﬁ%e Y axis

en ove case has been descri bed where
LheREeSENLahNKENLEA he 2BRbiedtien.

) whose

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
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
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.
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a scanni ng stepper; however, the present invention is

not limted to this, and can also be applied to a
wa@e@pig4exposur e apparatus such as a stepper. EVEHP2069/059232

the present invention is applied to a stepper, by

measuring the position of thg stage on which the

obj ect subject to exposure i*Y nount ed usi ng an

encoder, position neasurenent error caused by air

fluct yati g Can, sHBd@bdahdye BRI, lvath 1evihehcdse has been

di fferent fromwhen nmeasuring the position of the

RIRG0 His] RtheaR iantweriear dnetearfe mktidr eodrees wos Abianged

to position the stage with high precision based on the

iTPasidienent tvathesentothe ensber , thivaEeh dnferipkIeter

It possible to transfer a reticle pattern on the

s(mq’ta:t: deietsh rmtglmqﬁt%saﬁridrw AjTe Het | L HRFIAREM
i nvention can a [ '
pr?LegﬁréﬁT%%ﬁﬁéégelgﬁggﬁhéggj%§egbésg%géﬁgﬁé??Y%htjﬁaCase
met ho at synthesi z , . \ ,

Nt ars Qe ret BRAEREER S e RS 12H0rR RROL RRBBA Led to

aglsgérjarﬁjgr;c_s gs?pee\,%#é@; ROOSHEL, apPar st dise £EUL RPEFL WohNid not

er stages, as is disclosed in, for

' &td PRiY, SnFatentaiNe be, 991684 wescsiptionexposure
the U S. Patent No. 5,969, 441 description, the U. S

%@é@fﬁtlﬁb-sﬁzh 2082 4¥Epdescr i pveanidnthehergsret invention
urther, the present invention can also be applied to

B apildedr 8o @appheRbes  dguineped Mo ke RESItioRent the stage
stage including a neasurenent nmenber (for exanpl a.
owfdrieit & rard] sd /P rEnder SERE ST Pisk@fuglfgfegé}léﬁ?g an
(Lo e el er, o agey 2, dhecl 880 Lok, ATl et don
e R A i
@??%gﬂ_ﬁg NGfe YYh & SEdHCthans ¥ eBityenal seer@prbaeter,
and it becomes possible to position the stage with high
precisionbasedcx1then@asurementvaluescﬁftheencoder,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
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
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
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an equal magni fying systemor a magnifying system and

projection optical systemPL is not only a dioptric
we®basa49but al so nay be either a catoptric syRCHHR2009/9232

catadioptric system and in addition, the projected

I mage may be either an inver%ed I mage or an upright

i mge. Further, illum nati orf light ILis not limted

to an ArF excinmer |aser beam (wavel ength 193nm) , and

A A S Peran 1uldehawid @l dittroichhasdfer Wifage, as

exCi rrer%l aser beam (wavel ength 248nm , or a

MacUWBLH tikavifdretedangite s Untt cam dthieorfall &axdrl esmon No.
wavel ength 157nn) . A s disclosed in, for exanple,
Ad.0S./ Patoant. No. 7,023,610, a harnmonic wave, which is

obt ai ned by anplifying a single-wavel ength |aser beang. 1
i n t h&uvnhear edher megsiifiicatamge dnitthee Ry sty optica
sem conductor | aser or fiber |aser as vac .
eI i 60 PERPSURPL APRSFRER RpPRFler: dopeEiaginents
for exanpl e, erbium (or both j r i bi Cth
R By 5o B ePE A PGB RT brGiTE St S0 £7 801 ARG Dt etehes
| i ght usi . nonl | t Rd yi5t B3 atsm, bend

b o T AT e AR % i g s

' jgg | i gt dhils Qi tHIe ieXpesubalgppadbbpisris spstem,
I%]ilé te{(;ﬁ%%cgtbhel [ ghtylsha\?[i1 ng al wavel ength equal to or _
BRF & tdmmd OBaneiahdr b catbeedliessysbemagrt hatatp@lioptric
l'i ght having a wavel ength | ess than | OOnm can be used,
Fpstexanph@, in edgiesent Fhe ePtebRCEeR HBAGPPRRRdIPEoSLther

an EUV exposure apparatus that uses an EUV
HEXLneeeUbd r B0R @t @Y #NgRPTigNE $BR¥SX-ray range (e.qg.

| th f, 5t . i T
o e, ad ednion ARt B s, pob ELfERe8 e an AxE
lied e
SRPinel o fadh BERAs iy BREALER IR oBHRY  UARS ERATASHo be an

heam  FuiLbef; jhp ga6R 9sf thBexerbadeamats1abevepeam

(wavelength 248nm), or a vacuum-ultraviolet light such as the
F, laser beam (wavelength 157nm). Asdisclosedin, 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
laser as vacuumultraviolet 1ight, with a 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
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

15

20

25

transm ssive type mask (reticle) is used, which is a
transm ssive substrate on which a predeterm ned |ight
wakioeldi4ng pattern (or a phase pattern or a | iPRgit/JP2009/059232
attenuation pattern) is forned. Instead o f this
reticle, however, a s is di% | osed in, for exanple,
U.S. Patent No. 6,778,257 , an electron mask (which is
al so called a variable shaped mask, an active mask or
U?Q_faqﬁgﬁeg;qnqri%qr inapdsbpel xdesy fangexeapde,a avdilength
Digital Mcromrror Device) that is a type o f a
LRI DRotMPam) magse si deb ey chesn cepHaspdtisl theghesent
nodul ator) or the like) on which a light-transmtting
ipatdrarimn aarefllect benapaliedntoorn #XRAFEEF PRRFA BH that
is formed according to electronic data o f the pattern
uded dBnded RGP AYT B WA T The LT 20
o f using such a variabl e shaped nmask, because the
itaRedfhere a wafer, a glass plate or the like is
nount i,§ scanne & e t ri aped
mask, eEdéJr{t "vaﬁne%ta ehf;be%?a% gémegac lng%%/%eé%&n%%d%nent S

1@% V%.f@é‘i@e_et ahNed by fEpsHriagusbe, PesEhons oaf
e s

age using an encoder. Further, as is disclosed

i 91 s SXREPE G s P 105 Na | oedh PubbredétermiNoed light
2001/ 035168, the present invention can also b e

appdiethd partenpdsur e pippee atalst¢1n thogr ApEPtsystenyation
that forns |ine-and-space patterns on a wafer Wb % .
garivery) i b efdmmashe dnistiasge Lok st EETAELRDr 86YVEV STas3S 1S
di scl osed in, for exanple, U S. Pagen% &b. g,gz%,%%g, an
dhechpes@ntni nbeht PHH AR’ a¥ s9- be2ppri 88t 87 an® <>
exposur e appar at.us .t hat synt hesi t &gkigl haped mask
%?a&’%?ﬂ’% ngk aaﬁijo?}éc]ﬁ &i‘soopﬁa?éze%zfspgr% Shd a?rmgt ’
simul tanegus| y, .PeL oL %8HQJ:§tS%P%%+& enefue8e, st example,
%?gatby ONné scanni ng €exposure.
a DMD (Digital Micromirror Device) that is a type of a
non-emission type image display device (spatial light
modulator) or the 1ike) 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
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.

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.
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Incidentally, an object on which a pattern is to be
formed (an object subject to exposure to which an

wep@pgy4beam i s irradiated) in each of the enbPCi/He2009%059232

and the nodified exanple above is not limted to a
waf er, but may be ot her obj QQt S such as a glass plate,
a ceramc substrate, a film™menber, or a mask bl ank
The use of the exposure apparatus is not limted only

to t heeXRQeY eaappAtdied ah, masufacingliagU.sS. Patent No.
sem conduct or devi ces, but the present invention can

6ale3a e gy dely mpEdred idventeanpia dlearrbeymusued to an
apparatus for transferring a liquid crystal _display ,
eterdster epappera tost bhat resordrgl 2es jiwes Sepial e PahEcERs viad
exposure apparatus for producing organic,

E
& line e dth e gl e hentht en ARf r?glracg% c%w@‘i&%e%%sly
CCDs)

, m cromachi nes, chi ps nd i K ;
KRATRIEIS AHE5  GSRTHE VAL G | A A bt S B T G
t o an exposure apparatus for produci ng m crodevices
sem conduct or devi ces, but can al so be applied

to an ;gxposyne ARparal Uh{dhat dd apsf & sa pLttetntis to be
pattern onto a glass plate or silicon wafer to produce

B BSK (@ bBhkekestspect A ekpglsiurexposuit Eclappacaeygy beam
an EUV exposure apparatus, an X-ray exposure o
appardddsatad) electadn-diarhexpused tneppar atdsthgrodified
the like. Incidentally, the disclosures of the va iou%
ety bat dloprge (i achewi hnPief i §ped wEfer, but may be other

I nternational Applications), and_ the U S Patept :
it ¢eat $eAh PaB| # cBth H%%E?i p?i onE24ng ?ﬁ%sgf%.te' a film
Pat ent descri tigné that are cited in the description
RYUPSF r 8F afeB2EH BXPOSure apparatuses and the Iike

are ¢ heitpgé)rcpfrﬁ"ﬁee% &L BYJ-818MANG& not limited only
ally,

I nci den sem conduct or devi ces are manuf act ured
#grQﬂghekBSSﬁkgpépﬁgia@u§tEBrmﬁahafEEQuring semiconductor

unct 1 on/ performnce

devices, but the present invention can also be widely applied,
forexample,toanexposureapparatusfortransferringaaliqumd
crystaldisplaydevicepatternontoearectangularglassplate,
anden1exposureapparatusforpmoducingorganicELs,thin—film
magnetic heads, imaging devices (such as CCDs), micromachines,
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
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
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design of the device is performed, a step where a

reticle based on the design step is manufactured, a
weer@p/isthere a wafer is manufactured from sili cRET/IP2009/059232

materials, a lithography step where the pattern forned

on a mask is transferred ontQ an object such as the

waf er by the exposure appardatus in the enbodi nent

above, a devel opnent step where the wafer that has

2SI ' Jsaflevelored . amwdmhi St Whrerraidini cat ion
ggboéggsﬁéﬁ%er of an area other théﬁg%he area where
de#8si Sdnd enRl BBei$. $ ermueshtbylestantiipig.ores tbsitsare cited
removing step where the resist that is no | onger

neeessasycwnhphieh i figrhaslbeed tomppeseds sppakatuges and

a devi ce assenbly step (including a dicin rocess,
o di Fe pro csach tHeS KR BravEss) bY i FEpereRoR: |

%nga&a{‘rgihcﬁqﬁ%kﬁ@%g?%ﬁd@%%%% FEFHHET € FEReRb fured
| t hogr te Vi ' hj ' '

EESom oy A8, S5 TR BRLED PO oo
ée%jo ot o(%e’éﬁ%'&égﬂé%b?%gvextf&n?éﬁppﬁ%@eﬁﬂﬁé&@t&&e&lﬂd:ltehlsased

X uré net ho present invention are suitable

SO BXNas Nigh it WiieChnariifiddifired,he devipc@here a wafer is
manut acturing nmethod of the present invention is

Hatht abbeuted frmnubatldohmptedetd Ton adelibegraphh sgep where
sem conductor devices or liquid crystal displa¥
tiewi pest&rni fisried #n axpeskr ésapparafasrefihgnto an object

apparatus conprising. a novabl e bod i ch holds t )
sbfbcas die Yabstapy i Wﬁﬁ@%‘faﬁaﬂérm%g é&é&éﬁ%ﬁ?ﬁggdlmwt

PLEDS, gL S e W e BUP ef L fones
ggugtexerglgggliydérqge@c}‘?ﬂé aéll_ee];s)fwljiéﬁ?e ohi %Qstp'osed member of an
area other than the area where the resist remains is removed
by etching, a resist removing step where the resist that is
nolongernecessarywhenetchinghasbeencompletajisremoved,
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

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
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.
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a pattern generation device including an optica

system which has |iquid supplied to a space forned
wowaok/1s43el surf ace of the novabl e body, irradi aPEBIR2009/059232

energy beam on the object via the optical system and

the liquid, and forns a patgirn on the object; a

nmeasur enent system whi ch i ncffudes an encoder system

having a plurality of encoder heads placed on the

surface of the novabl e bogy atihes nmeasures positiona

i nformati on of the novabl e body, based on an output of

a predeterm ned nunber of encoder heads facing a

grating section placed parallel to the predetermned
pl ane 1ext Rnnakpbsurheanpesabtesbodeogppatratyé comprising:

plurality of encoder heads;_ and a detection device . . 11
whi ch ai sovahhedeedy 1dichehabas (TnoRd eSS seRHh S Lﬁ‘%%taffbfrla Y

at |east one of the pluralijty of encoder heads,
RgSTaR (0L G | A R S AT RS P GT1E he liquid on a

Fesul Pol £an A BRI PERERE "Echer sl o Rt et a surace
2 ofdL09 ' kRt i LheoARasHr BRENiding

cgigﬁghﬁgﬁ?ﬁﬁérggﬁgl%%g§£%%{?%%éﬁggfbne%er gysten1mhich

%TEE%%&%%Fg@igﬁ@n@$jééﬁprnationof t he novabl e body at

wthin the predetermned plane. 3 . The exposure
appar & s taeesr géngra ol aneleoficd anmdudiagd opidrailnsysten
the encoder system neasures positional information of £
winechtheab 16 chady swophirdt he pravrtefammas plihethgstgriace
on an output of the predeterm ned nunber  of encoggr b ect
hedde aevales bodin eREpHer RN WA TH NaT e e 88 P8
have |iquid, remaini pg based_on a, predet ' attern
Yé@e?%%c%PE%C?ﬁesﬂﬁFg%t?%ﬁ E%%igﬁgulg’ Sh PBPns & p
on the object;

a measurement system which includes an encoder system
having a plurality of encoder heads placed on the surface of
the movable body that measures positional information of the
movable body, based 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 out of
the plurality of encoder heads; and

a detection device which is connected to the measurement
system, and for at least one of the plurality of encoder heads,
detectsresidualinformatrmlofthe1iquidcn1aphotodetection

section and outputs the detection results to the measurement

system.

2. The exposure apparatus according to Claim 1 wherein
the measurement system further includes an

interferometer system which measures positional information
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4. The exposure apparatus according to any one of
Clains 1 to 3 wherein the detection device detects

Wo e@pdsmbl i nformation of the liquid for an encRCBIPAeEEH9232
whi ch has passed through a liquid i mersion area

formed by the liquid, basedfﬁp positional informtion
of the novabl e body within the predeterm ned pl ane
neasured by the neasurenent system 5 . The exposure

%ﬁEﬁEQ£H§ BELOs Pt O R QReneh £haipbedetordined plane.
erein t e detection device detects the residua

information of the liquid by irradiating a neasurenent
beam on a surface of the novabl e body, receiving a

ref | est.edThegbkpbsomet Appanataseacanddipastpi et e Claims
light quantity of the reflected light. 6 . The
lexgrob W evhegypesrrat us according to Claimb5 wherein the

?glgg&hgﬂ§%;gd§; é&%%%%ﬁ%gaéuggFggggggiggge lg%g%Qégbon o
0
O Hoxnd & Ttk Nt ARR B e RerR dendph and¥as8l on an

cp Cuecd ef(ttel{é]%ré@eit_gﬁn{@é@%&n@é’f’%f8en3_<51@e§x]@@§&£ €except

ap AratUs according to G aim/ wherein the detection

f@y | &P é}?éo@eﬁeﬁégal PR1iak eRdas ndébecvéedi bot haok aiquid
Iquid imrersion area forned by the liquid. 9 . The

EXROBA Ry ARRAALYSa aredietierginedrafsr8nehdreitine detection
detection area surrounds the periphery of the |iquid
devtbrsi on area. 10. The exposure apparatus accordi ng

to any one of Clains 1 to 9 wherein

4. TheexposureapparatusaccordingtoanyoneofClaims
1 to 3 wherein

the detection device detects residual information of the
liquid 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

measured by the measurement system.

5. Theexposureapparatusaccordingtx>anyone<xEClaims
1 to 4 wherein |

the detection device detects the residual information
of the liquid by irradiating a measurement beam on a surface
of the movable body, receiving a reflected light from the
surface, and measuring the light quantity of the reflected

light.

6. The exposure apparatus according to Claim 5 wherein

the detection device irradiates the measurement beam
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the detection device is provided in each of the
plurality of encoder heads. 11. The exposure apparat us

waewonshi4ng to C aim 10 wherein the detecti on dRVI/ER200P59232

a detection area on the encoder head. 12. The exposure

apparatus according to any Qe of Clainms 1 to 11

wherein the plurality of encoder heads include a first

and a second head whose neasurenent directions are in
whildd 58 Ndaa6PRdcdHEREdPBheRERMId BEIBhe wbivablarzody .

orthogonal to each other in the predeterm ned pl ane,

wher eby the encoder system neasures positiona

i nformati on of the novabl e body within the

pr edetier nihedspcnee bppadabns Arcndiutd be agty praeif Claims
t hree encoder heads which include one each of the
¥ itrsto arfbrsicond heads. 13. The exposure appar at us

according to daim12 wherein the gratin egti

i ncl udds defprSd o éﬁ?’é&ei oh %]raa?e?fﬂg?%ﬁ% ¢ aﬁc%\?e}qgeamovable
rggge where the first head may face and whose periodic
RfF¥ction is in the first direction and a second
diffraction grating which covers a range where the

second head nmay face and whose periodic direction is

in the seeardeghb8Gte Uppaidat e cexpadmget apflorat (swherein
according to one of Cains 12 and 13 wherein the o
gr at i nghsaetenibnalantiose habwoddiaehipomategyiatigvicinity
whi ch covers a range where the first and second heads

ofiya f hitgu b dimheselper hodaciarredt PBnthe LAAWAE fir st

and second

9. The exposure apparatus according to Claim 8 wherein
the detection area surrounds the periphery of the liquid

immersion area.

10. The exposure apparatus according to any one of
Claims 1 to 9 wherein
the detection device is provided in each of the plurality

of encoder heads.

11. The exposure apparatus according to Claim 10
wherein
the detection device has a detection area on the encoder

head.

12. The exposure apparatus according to any one of
Claims 1 to 11 wherein
the pluralify of encoder heads include a first and a

second head whose measurement directions are in a first and
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directions . 15. The exposure apparatus according to

any one of Clains 1 to 14 wherein the plurality of
wepwodardheads i ncl ude a two-di mensi onal head RED$R2009/059232

measurenent directions are in both a first and a

second direction, which arezﬁ%thogonal to each ot her

in the predeterm ned pl ane, er ebyt he encoder system

nmeasures positional information of the novabl e body

M LALAq e Riradet, erakpedt plrang, haseth apearitidguia bto each
at least two of the two-di nensional heads. 16. The

SPHRAS Ut 1P draddes eanmcintetl noldroe Clvhamelsy wher ei n t he
grating section includes a two-dinmensional grating

whi ch ttev ensoderanyetaeneashecsvipo st kbpRa bnbpfpepgtion of
may face and whose periodic direction is iin the first

el movebie BPAECYBRAD alye Praqse PlgpsaPgsed on an
according to an ne of ainms 1 to 16 wherei R the
o6 Top LY o IS BOGYIEE Bevar b o idmpne each
t sm ssion ne ' ms a substantially flush
%"{J?ffqéeceéﬁ%] Efrhéemsg ?%@#ﬁ%%ﬁéa smal | gap in between,

and covers the plurality of encoder heads. 18. The
exposure apparatus according to any one of Clains 1 to

17, t hes appakatspofstiichefopeeniuss iavgo ralitdy we syistiem12

whi ch drives the novabl e body based on positiona
windesmt i on of the novable body within the

predeterm ned plane. 19. An exposure nethod in which

an enerlyygbebimussaatria Anedusasant bbpe& R gnon grating
ﬁﬁiégiinzigirkg%%g %%gkg’tggdfirst 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.

14. The exposure apparatus according to one of Claims
12 and 13 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.

15. The exposure apparatus according to any one of
Claims 1 to 14 wherein

theplurality«xﬁencoderheadsincludeaatwo—dimensional
head whose measurement directions are in both a first and a
second direction, which are orthogonal to each other in the

predetermined plane, whereby
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a pattern is fornmed on the object, the nethod
conprising: a neasurenent process in which of a

w@bkawabd4dy of encoder heads placed on a surf ackCDIP2009/059232

novabl e body where the objectis nounted that
substantially noves al ong afﬁ;edeternined pl ane,
positional information of the novable body is

neasur ed, based on an out put of a predeterm ned nunber

of engedeenheads fastafl Regsatésgpsert iomaplackormation of
paral l el to the predeterm ned plane external to the

oY allvediedypdgndiahdet ebti pnegebeensned phagh based on an
residual information of the liquid on the

qitgtudetectt dreasdcttiven 0% et derend Fepnytonahshedd: of

the plurality of encoder heads. 20. The exposure

nmet hod according to Caim19 wherein in the

nmeasur enent  process osi tional__i nfor mati f
wovamﬁﬁ-bOEPemFFHPﬁuFEeaBP8§8$ wﬁﬁggggﬁg eqasdﬂyim 13
ﬂgasured, based on an output of the predeterm ned

of encoder heads except for an encoder head

whi ch E*}?es_g‘}%g%gegeé@ibﬁ}/ﬁléi&d%éi o ewsl-giRgnbasedlograting
predetermned réference in the detection process . 21.

TRECIEXRARN L Mgl Wic6 e di iy tvw-ahieneofs iChed InhebQl ang face
20 wherein in the detection process, residua

amd owiesé opepfodhe digecdios iet éntebef irah apdogegond
head whi ch has passed through a liquid i nrersion area
doreedibyst he |iquid, based on positional information
of the novable body within the predeterm ned pl ane.

22. The exposure nethod according to any one of C ains

el S ﬁ%amﬁﬁﬂéie%ﬁ?%e egga:?%kag%tlpg a\?#oqf@"u?jfn e@(gsan one of

i ncl ud ead 0Sse nmeasur ement
irections_a IR fl,rst anda second direction,
e%gbggt?ngyigmﬁlgﬁeare ort hogonal to
the surface of the movable body is covered with a light
transmission member which forms a substantially flush surface

with the object with a small gap in between, and covers the

plurality of encoder heads.

18. The exposure apparatus according to any one of
Claims 1 to 17, the apparatus further comprising:

a drive system which drives the movable body based on
positional information of the movable body within the

predetermined plane.

19. An exposure method in which an energy beam is
irradiated on an object via an optical system and liquid, 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



10

15

20

25

each other in the predeterm ned plane, whereby in the
measur enent process, positional information of the
woreaahs®Ibody within the predeterm ned pl ane iBCT/JP2009/059232
measured, based on an output of at |east three encoder
heads whi ch incl ude one eacE7of the first and second
heads. 23. The exposure nethod according to any one of
Claims 19 to 22 wherein the plurality of encoder heads

'énﬁbﬁﬂ@ea tyatdisaBRshARak 1hgadowess @ lorgs ar redietermined
irections are in both a first and a second direction,
piaheh ;&5@1@1&{@9ﬁznabrmateammﬁtthermqmalvh@body is measured,
predetern1ned pl ane, whereby in the neasurenent

pRBedess, arpasitpusnal a mrededts i nFd PRELREY DI IRIRE heads
wi thin the predeterm ned plane IS

fam@@t@lﬂradflrm Sle@’éépntmoa%ﬁe B %dséﬁe ‘?%%%I%%ﬁg Jned

. A device nman acturl t e net hod
HM@%&%@HQ%E%é %&mﬁ%taﬁlsfowmdon

:)PECIO%JI qeé%ﬁgiy%%ﬁ §§;%éan§uﬂ? w'?iFiUPPPe 26694 fiinGF Jréh=ANPBE the

rocess 1 n which the object

l%'?;[u% gh e p@l%ttto%fe%e'&%.o@legﬁcft@bﬂeﬂs icetteidped. at least

one of the plurality of encoder heads.

20. The exposure method according to Claim 19 wherein
in the measurement process, positional information of
the movable body within the predetermined plane is measured,
based on an output of the predetermined number of encoder heads
except for an encoder head which was detected to have liquid
remaining based on a predetermined reference in the detection

process.

21. The exposure method according to one of Claims 19
and 20 wherein

in the detection process, residual information of the
1iquid 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.

22. The exposure method according to any one of Claims
19 to 21 wherein
the plurality of encoder heads include a first and a

second head whose measurement directions are in a first and
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a second direction, respectively, which are orthogonal to
each other in the predetermined plane, whereby

in the measurement process, positional information of
the movable body within the predetermined plane is measured,
basedcn1anoutputofeﬂ:leastthreeencoderheadswhichinclude

one each of the first and second heads.

23. The exposure method according to any one of Claims
19 to 22 wherein

the plurality of encoder heads include a two-dimensional
head whose measurement directions are in both a first and a
second direction, which are orthogonal to each other in the
predetermined plane, whereby

in the measurement process, positional information of
the movable body within the predetermined plane is measured,

based on an output of at least two of the two-dimensional heads.

24. A device manufacturing method, the method
including:

a process in which a pattern is formed on the object by
the exposure method according to any one of Claims 19 to 23;
and

a process in which the object on which the pattern has

been formed is developed.



