1 DESCRI PTI ON STACGE DEVI CE, PATTERN FORMATI ON APPARATUS, EXPOSURE
APPARATUS, STACE DRI VE METHOD, EXPOSURE METHOD, AND 5 DEVI CE
MANUFACTURI NG METHOD TECHNI CAL FI ELD The present invention relates to
stage devices, pattern formation apparatuses, exposure apparatuses,
stage drive 10 nethods, exposure nethods! and devi ce manufacturing
met hods, and nore particularly to a stage device equipped with a
coarse/ fine novenent stage that nov edeterm ned plane, a
pattern formati on appar at us equippegﬁﬁ?¢gggﬁﬁr age device, an
exposure apparatus equi pped with the stage device, 15 a stage drive
met hod of driving the coarse/fine novenent stage, an exposure nethod

that makes usgTAGE PEvTese, PAYPRIE! TORMATYOR APYATATERY! EUPOSURE
nmet hod that uses the exposure apparatus or the exposure met hod

descri bed aboxpPAXAPEESKCGRIACEADRIVE \WETHOR, | EXPOSUREI METH@DHY AND
process for manufacturing electron devices (m crodevices) such as

sem conduét orDBAICE SMANUERCIURLRE MBTIBODr the like) and liquid
crystal display devices, an exposure apparatus such 25 as a
proj ecti on exposure apparatus by a step-and-repeat nethod (a

:pecal | ed ste 'FEE % a{&i E%f’tﬁﬁ' on exposure apparatus by a
p- and- scan ed scanni ng stepper (which is also
IRt Ry s A LAREREN: % EE L
circuit formation apparatuses, exposure apparatuses, stage drive
10 methods, exposure methods, and device manufacturing methods,
and more particularly to a stage device equipped with a
coarse/fine movement stage that moves along a predetermined
plane, a pattern formation apparatus equipped with the stage
device, an exposure apparatus equipped with the stage device,
15 astage drivemethod of driving the coarse/fine movement stage,
an exposure method that makes use of the stage drive method,
and a device manufacturing method that uses the exposure

apparatus or the exposure method described above.

20 BACKGROUND ART

Conventionally, in a lithography process for
manufacturing electron devices (microdevices) such as
semiconductor devices {integrated circuits or the like) and
liquid crystal display devices, an exposure apparatus such

25 as aprojection 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, it is certain that the integration of the



patterns to be forned on a wafer becone finer according to the

hi gher integration, in the future, and therefore further inprovenent
of position detection accuracy of a wafer or the 5 like is required
for an exposure apparatus that is a mass-production apparatus of

sem conduct or devices. For exanple, Patenf Literature 1 discloses an
exposure apparatus in which an encoder-type sensor (an encoder head)

| s mount ed Onsémfi:'%&.ﬁ@{& tabl £.c ESPECLRALL Yoy i H%&ﬂsﬁum&&& the

encoder head disclosed in Patent Literature 1 1is unt e on a

coarse/fine npyerERts St@dse tigind@ o £0A S MMEIRNIE i rd ARG cdliihg to
fine novenent stage that noves on the coarse novenent stage, it is

usual to nounthé heigreodercheadion,t be tHd mfatmreenent shagefota further
case, however, wiring needs to 15 be installed between the coarse
nmovenent st agemanaverhent iafe posorewendeseagao(dependi ey an at Wefer or the
circunmstances, both the stages need to be connected by optical

fibers) i® orbEfetds Jé%ffﬂlye‘gl@@f 3 PERRTUED 3PRABHEOUT ' HeatS dut
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10 the encoder head disclosed in Patent Literature 1 is mounted
on a coarse/fine movement stage that has a coarse movement
stage and a fine movement stage that moves on the coarse
movement stage, it is usual to mount the encoder head on the
fine movement stage. In this case, however, wiring needs to

15 Dbe installed between the coarse movement stage and the fine
movement stage (depending on the circumstances, both the
stages need to be connected by optical fibers) in order to
supply electric power to the encoder head, but as the fine
movement stage moves on the coarse movement stage, there was

20 a possibility that a tensile force acting on the wiring or
the like prevented a smooth operation of the fine movement
stage. Inparticular, in the case where aplurality of encoder
heads were mounted on the fine movement stage, there was a
risk that the drag of the wiring or the like caused a big

25 problem.
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SUMVARY OF | NVENTI ON SOLUTI ON TO PROBLEM According to a first aspect
of the present invention, 5 there is provided a first stage device,
conprising: a coarse/fine novenent stage including a coarse novenent
stage that noves along a predeterm ned pl.ane and a fine novenent
stage that is finely novable on the coar sé novenment stage; and a
measur enent device that has an encoder head arranged 10 on the coarse
novenment stage, and neasures positional information of the fine
novenent stage in a predetermned direction, based on first

posi tional ingeMVBEIReNORIAYESiYoNi rradiating a first grating
section placed external to the coarse/fine novenent stage so as to

be substanti agbr.UBEreN a@o 1BROBIEM predeterm ned plane with a first
measur enent beam and receiving a diffracted light fromthe first

grating section arftarcdietoricd podiitrisénabrentopfmtherpidsent sinvention,
relative positional information between the coarse novenent stage
and the finethevendm sragédedo an €ATERi sSHRIF cEeWé&SCausEORRELISIng: a
encoder head is arr?P ed on the c arse,ngxegent stage, even if éhe
fine novenent“St&aye ¥ O ET e SEGEPsE OV e AtE §P§§é,e PRECRBVEMETRIC

e o IS RS SR AT (TS Tl

wring or the TTKe e firs i onal Tnformation

25 obtained by lsgadialing 0t () imlvaial 59 SEction o tihidifend [delge;

nmeasurenent beanfromthe encoder head and receiving a diffracted
light fromthendid shef@tdiehsegd+ e ah©OMA Hean SECONME PAsddd ohdtanged

information that is relative positional infornmation between the

coarse navenemt sihagecandsthembévearedt stage, and measures positional
information of the fine movement stage in a predetermined
direction, based on first positional information obtained by
irradiating a first grating section placed external to the
coarse/fine movement stage so as to be substantially parallel

15 to the predetermined plane with a first measurement beam and
receiving a diffracted light from the first grating section
and on second positional information that 1is relative
positional information between the ccarse movement stage and
the fine movement stage.

20 With this device, because the encoder head is arranged
on the coarse movement stage, even if the fine movement stage
moves on the coarse movement stage, the movement of the fine
movement stage is not blocked by a tensile force of the wiring
or the like. And, based on the first positional information

25 obtained by irradiating the first grating section with the
first measurement beam from the encoder head and receiving
a diffracted light from the first grating section and on the
second positional information that is relative positional

information between the coarse movement stage and the fine



novenent stage, the neasurenent device nmeasures positional
information of the fine novenent stage in the predeterm ned

direction with high precision. Accordingly, it beconmes possible to
drive the fine novenent stage and/or the éoarse 5 novenent stage with
hi gh precision. According to a second aspéct of the present

invention, there is provided a second stage device, conprising: a

coarse/ fine npyeERELt SR8 | NEh& GhdPs @ SHSE S CIIPVEIBML 4 SLAGE pddAlional
noves al ong a predeterm ned plane and a fine novenent 10 stage that

is finely novabiereatide eOatse AvvemRrEneh&geraganinatheastddanBiini ned
devi ce that has an encoder head arranged on the coarse novenent

stage, and nedsueesipostitbnatigh nboemasion.of Adeofdimehpyementbecomes
stage in a predetermned direction by irradiating a first grating
section pl aceBodSikke ernalrites tthe ddacsapvenenfoferent a8 4gE Ber azrawse

be substantiall ggrallel to, the predeterm ned plane and a second
grating sectiBav edS b0 NELF el ovRFRT S ¥ Age with a first

t b ; t b tively,. ,
ecei ving di T1ract P TTIHD RFoR CRETT AT S o Chad - 3550} aeTig e tons
sections. Wth,ihis dey f@vi@@&agses#ﬁ?c‘?”gggg% heat s, aEEﬁ%gggingrzl a
the coarse novenent stage, even if the flne novenent stage ves on

the coarse nMoyesest/siRdeoddiIO%eRBat 1 Qf1tAend i N cFRLERBRENSLBG R age
is not blocked by a tensile force of 'the wiring 25 or the |ike. And,

t he neasur enefttatlavdees EBSW €5 Posddtonalned b xam@tdod Off ire ddndnent
novenent stage in the predetermned direction with high precision,
by irradiidti ngtade thastiantinaskeonvagrbd oy Sextdomssavntdvanmni i gtstge;
and second neasurenent beans, respectively, fromthe encoder head,
and receivi nggnd a measurement device that has an encoder head arranged
on the coarse movement stage, and measures positional
information of the fine movement stage in a predetermined
direction by irradiating a first grating section placed
15 external to the coarse/fine movement stage so as to be
substantially parallel to the predetermined plane and a second
grating section placed on the fine movement stage with a first
measurement beam and a second measurement beam, respectively,
and receiving diffracted lights from the first and second
20 grating sections.

With this device, because the encoder head is arranged
on the coarse movement stage, even if the fine movement stage
moves on the coarse movement stage, the movement of the fine
movement stage is not blocked by a tensile force of the wiring

25 or the like. And, the measurement device measures positiocnal
information of the fine movement stage in the predetermined
direction with high precision, by irradiating the first and
second grating sections with the first and second measurement

beams, respectively, from the encoder head, and receiving



5 diffracted lights fromthe first and second grating sections.
Accordingly, it becones possible to drive the fine novenent stage
and/ or the coarse novenent stage with high precision. According to a
third aspect of the present invention, 5 _there is provided a third
stage device, conprising: a coarse/fine fovenent stage including a
coarse novenent stage that noves along a predeterm ned plane and a

fine movementq; stagectdati drx J rRghci®vablse gRatfedirRaLsat MMYesEM ions.
stage and has a light-transmtting section in at |east a part

thereof; 10 andcardeaguygnentbaeiticae ddwaiidias ton€reneotre hine msvédment
or nore encoder heads fixed to the coarse novenent stage, and
measur es posi ttagal andfor ndis arafse hevesarnsestrge whvknenth stegesion.
w thin the predeterm ned pl ane based on an output of at |east one of
the encoder heads tA@Eo¥dkaEitn & tAific sePEStgpat Fhg RELteRR PrarREon,

external to the coarse/fine novenent ,stage so as to be substantially

paral l el to thaeh?edst ePRPR&dedplain Fhditth 8t #PR st9SESSIr eRBRPTBHEARE ™ 2
via the Iight-trans?%ttin sec%!o% and.refeives a diffra%tgdmlkghéta o
fromthe first°3rating s SHEH P A 2R PP RE L EP dh SRttt gLl E P 5o T2
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heads is/are fixed to the coarse novenent stage, even

nmovement stageg M%%wi%hﬁiﬁéﬁ%%m%&ttﬁéaeg&xrsé hevameeneBt a8k and
the fine novenent stage is not blocked by a tensile force of the

Wi ring or thehiske.liAn-traseshian ithesabtavhpuh of aladteaspaobechereot;

encoder head that irradiates the first grating section with the

first nmeddur eaedta hemmuricmdrtie delviight theansas tenagrsesigwhegld phetwo or

fine nmovenment stage and receives diffracted lights fromthe first

grating sectiBprgjgncoder heads fixed to the coarse movement stage, and
measures positional information of the coarse/fine movement
stage within the predetermined plane based on an output of
at least one of the encoder heads that irradiates a first

15 grating section placed external to the coarse/fine movement
stage so as to be substantially parallel to the predetermined
plan, with a first measurement beam via the light-transmitting
section and receives a diffracted light from the first grating
section via the light-transmitting section.

20 With this device, since one encoder head or two or more
encoder heads is/are fixed to the coarse movement stage, even
if the fine movement stage moves on the coarse movement stage,
the movement of the fine movement stage is not blocked by a
tensile force of the wiring or the like. BAnd, based on the

25 output of at least one encoder head that irradiates the first
grating section with the first measurement beam via the
light-transmitting section of the fine movement stage and

receives diffracted lights from the first grating section via

the light-transmitting section, the measurement device



the light-transmtting section, the neasurenent device 6 neasures
posi tional information of the coarse/fine novenent stage within the
predeterm ned plane with high precision. Accordingly, it becones
possible to drive the coarse/fine nnvene%t stage with high
precision. 5 According to a fourth aspect "of the present invention,
there is provided a pattern formation apparatus that forns a pattern

on an obj ect,pthe, BPPHALUS GAUPHIFILa AR 8reLRE cdhesd) £ Ste W vement
third stage devices of the present invention, in which the object is

mount ed on t hetdgaewibNenedhe Shagdetibnanddappahkerivhg i qerddiadion.
generates a pattern on the object nounted on the fine novenent

stage. Wth thtsonpjayhyusitsbacemtheppattibiai ng devivee thgensratsss/ fine
pattern on the object nmounted on the fine novenent stage that can be
driven with hhgrepertsiage withdebescuscbos®ible to formthe

pattern on the object with high precision. According to a fifth |
aspect of %t he presdHiCIIRH iton2 LPhetl 3P4 0P dERS AT BRPBS Eyention,

Ghor oy beam THE: GpPAr M USL CCO Rl Ty ahy el O TRETIS WO
Tount e on' 1 131 18 OVeRan St agb: - and T Batter LG aSur ce fRu" Of

irradi ates thgeobj£et UKL ofride ddhedDveimaite SSag8M tihddiftion,

energy beam Wth this apparatus, the patterning device irradiates
25 the objectifowmied e tdig; ddthel MvaIRTEd Sdragehd hidn< amhenddrt age;

with high precision, with the energy beam and therefore it becones
possi bl e 100 famanat bet patheng davitdetbbieptnasatteshisghattern on the object
meounted on the fine movement stage.

With this apparatus, since the patterning device
generates a pattern on the object mounted on the fine movement
stage that can be driven with high precision, it becomes

15 possible to form the pattern on the object with high precision.

According to a fifth aspect of the present invention,
there is provided an exposure apparatus that forms a pattern
on an object with irradiation of an energy beam, the apparatus
comprising: any one of the first to third stage devices of

20 the present invention, in which the object is mounted on the
fine movement stage; and a patterning device that irradiates
the object mounted on the fine movement stage with the energy
beam.

With this apparatus, the patterning device irradiates

25 the object mounted on the fine movement stage that can be driven
with high precision, with the energy beam, and therefore it
becomes possible to form the pattern on the object with high
precision by exposing the object with the energy beam.

According to a sixth aspect of the present invention,



preci sion by exposing the object with the energy beam According to a
si xth aspect of the present invention, 7 there is provided a device
manuf acturing nmet hod, conprising: exposing an object using the
exposure apparatus of the present invention; and devel opi ng the

obj ect that has been exposed. According to a seventh aspect of the
present invention, 5 there is provided a first stage drive nethod of

driving a cogrsesfife Ruerent &age Whalrhd%udiaeansendBY eMirising:
stage that noves along a predeterm ned plane and a fi ne novenent
stage that isetpoelygrmyvablecondiheg tharsseomveeppashage,of the present
met hod conprising: measuring positional information of 10 the fine
novenent st agenvenialpnedat@drdavedcbrdime chiconpbjbasetihabnhé s risten exposed.
positional information obtained froman output of an encoder head .
arranged on the codreeCrdlagint 2 fespatthasrecireliticeBrasentsinvention,
grating section placed external tqg the coarsg{gf,i ne nmpvenent_ st age so

as to be SubstftealfyPparafrdl 215188t REAFFeELEPTIREEOS Sfe WHH W 2
first nmeasurenent bF m and _recei ves a %ihfftrgcteg Iighé fnrlc%%thr? stage
first grating S¥ciTon < Ay B Eeddr? HosiAt o7&l & ror Rt TORTHAT §49
relative OSiqt i L nf i ement, stage.

and the f?ne{%ggﬁ‘%%%gs%%% %?P\%%ﬁ tﬁl}'srl;@rr%t ocﬁ@béei:m%use tlhez ment

encoder head &gadd rangedi s opiAdBy GRAFSE JDVENEBE S XRMndiit tdheage,
fine novenent stage nobves on the coarse novenent stage, the novenent

of the fine twyeamertiostagroitsnns: baokerti by posenside fortemitide of
wiring or the like. And, when the coarse/fine novenent stage noves
25 al ong lChe pPredbirer maehgritaséageosint aopaéde néonimed obi ofcithen, fhawed
novenent stage in the predeterm ned direction is neasured
on first positional information obtained from an output of
an encoder head arranged on the coarse movement stage that
irradiates a first grating section placed external to the
coarse/fine movement stage so as to be substantially parallel

15 to the predetermined plane with a first measurement beam and
receives a diffracted light from the first grating section,
and on second positional information that is relative
positional information between the coarse movement stage and
the fine movement stage.

20 With this method, because the encoder head is arranged
on the coarse movement stage, even if the fine movement stage
moves on the coarse movement stage, the movement of the fine
movement stage is not blocked by a tensile force of the wiring
or the like. And, when the coarse/fine movement stage moves

25 along the predetermined plane, positicnal information of the
fine movement stage in the predetermined direction is measured
with high precision, based on the first positional information

obtained from the output cof the encoder head that irradiates

the first grating section with the first measurement beam and



wi th high precision, based on the first positional information
obtained fromthe output of the encoder head that irradiates the
first grating section wth the first measurenent beamand 8 receives
a diffracted light fromthe first gratingssection and on the second
positional. information that is relative “positional information

bet ween the coarse novenent stage and the fine novenent stage.

Accordingly, picbecores Posshddeed 0 Byrh | Mo hend | fier SOURMBINN Stage ion
and/or the coarse novenent stage w th high precision. According to

an eighth aspegd oh the peesadt pbBienbhan, intheratisnprontded aelative
second stage drive nethod of driving a coarse/fine novenent stage

t hat has a coaoset hovahdmt strege ct0behatenoiies cdagrae aoprwdotes higednd
plane and a fine novement stage that is finely novable on the coarse
novenent st agehe fine Revevant cidsi nfccriddngiliy bbdiaqosies possible to
information of the fine novenent stage in predet erm ned direction
based onan @&t BRthEr LU BRIGHE" theadd e ATEHGedt bR G FoFPLEREnt Stage
novenent 15 stage that irradiates a first grating section placed
external to Yhelcorfed7¥Fme"hivenent stage so as to be substantially

barallel to the progelerdifed plana and: 3:8econdk 45l hhgsoeChl fheion,

pl aced on the fine novenent” stage W nmeasur ement beam and

a second neastfeRBN s DEAN i dE&SPLCEd VY s Zdyanth TR ahasodlidf raeiethg a
lights fromthe first and second grating sections. Wth this nethod,

because the ensgges/hoed nsrafdrangatgeonhiEiie hagaasecapyenmentesdé@gestage
even if the fine novenent stage noves on the coarse novenent stage,
t he noveld®nt oihat heotenea Rongrow emesde st ayendd moind| arked byney movement
tensile force of the wiring
stage that is finely movable on the coarse movement stage,
the method comprising: measuring positional information of
the fine movement stage in a predetermined direction, based
on an output of an encoder head arranged on the coarse movement
15 stage that irradiates a first grating section placed external
to the coarse/fine movement stage so as to be substantially
parallel to the predetermined plane and a second grating
section placed on the fine movement stage with a first
measurement beam and a second measurement beam, respectively,
20 and receives diffracted lights from the first and second
grating sections.

With this method, because the encoder head is arranged
on the coarse movement stage, even if the fine movement stage
moves on the coarse movement stage, the movement of the fine

25 movement stage is not blocked by a tensile force of the wiring
or the like. And, when the coarse/fine movement stage moves
along the predetermined plane, positional information of the

fine movement stage in the predetermined direction is measured

with high precision, based on the output of the encoder head



or the like. And, when the coarse/fine novenent stage noves along
the predeterm ned plane, positional information of the fine novenent
stage in the predeterm ned direction is nmeasured wth high

preci sion, based on the output of the encoder head 9 that irradiates
the first and second grating sections witd the first and second
measur enent beans, respectively, and receives diffracted lights from

the first andcgecond, ghpaiing cRECH POS A COLANI frailndOEOTBE0ns with

possible to drive t I ne 5 novenent stage an e coarse

novement stagensd EhrBt 9BndPEEELSIHO he AACGRMHNY Heinds NI rddpasPeed 1 f and
the present invention, there is provided a third stage drive nethod

of driving a reoaiges fdinef mterte it gditagérbhathdall s tcaarsecnonangting
stage 10 that noves along a predeternm ned plane and a fine novenent
stage that isséthedysnovasiardmahs dcodreseomey posstibdeage drivethe fine
met hod conprising: measuring positional information of the ) ,
coarse/ fi e nBVERBRRL sBhgeewrifl ATt RBSprodetsr MoTeapItarfd 299 asEd: onigh

an output of at |east one encoder head, from anbng 15 one encoder
head or two oP*Tore*®hcoder heads fixed to the coarse nmovenent

stage, which irradigles, & 4 st OLALIRO.SRRELI 8B PLACEASXLET Ao 10t 0n,

the coarse/fine novenen ge so "as to be substan y par

the predeterniped, pié“?;:o%&@daaf khS b AMRASULERBAL PGRAPNER & driving a
light-transmitting section 20 of the fine novenent stage and receives

a diffracted ¢oghte/fiRMnbdeeddiststHA ithatseelki aNc¥haséhfovement stage
light-transmtting section; and driving the coarse/fine novenent

st age bas@éd othat heopesiilonalaipfedamtimined plencecatded filvee movement
novenent stage that has been neasured.
stage that is finely movable on the coarse movement stage,
fhe method comprising: measuring positional information of
the coarse/fine movement stage within the predetermined plane,
based on an output of at least cone encoder head, from among
15 one encoder head or two or more encecder heads fixed to the
coarse movement stage, which irradiates a first grating
section placed external to the coarse/fine movement stage so
as to be substantially parallel to the predetermined plane
with a first measurement beamvia a light-transmitting section
20 of the fine movement stage and receives a diffracted light
from the first grating section via the light-transmitting
section; and driving the coarse/fine movement stage based on
the positional information of the coarse/fine movement stage
that has been measured.
25 With this method, since one encoder head or two or more
encoder heads is/are fixed to the coarse movement stage, even
1f the fine movement stage moves on the ccocarse movement stage,

the movement of the fine movement stage is not blocked by a

tensile force of the wiring or the like. Further, in the case



25 Wth this nethod, since one encoder head or two or nore encoder
heads is/are fixed to the coarse novenent stage, even if the fine
novenent stage noves on the coarse novenent stage, the novenent of
the fine novenent stage is not blocked by a tensile force of the
wiring or the like. Further, in the case 19 where the coarse/fine
novenent stage noves along the predeterm ne plane, positional

information o S | ithin
predeternined&%%gﬁecggéngééﬁggﬁhﬁyﬁﬁnﬂﬁﬁb prec?g%gﬁ, Egggg oﬁl?ﬂ% the

output of at heagtterei £EGAELIe,S5pb8aibRAL inffatiaatienh bheHd Sdrse/fine
grating section with the first neasurenment beamvia the

| i ght-transm nbiragesecitage withbe tHd pecdovenehted pdgecahd meaceireeSyith
diffracted lights fromthe first grating section via the

| i ght-transm highgesecisorn, Keped dimdglihg outohdécofestpdssibl ene osncoder
drive the coarse/fine 10 novenent stage w th high precision. _
Accor di ng % o hed@rthptadpeediofeshbhpridseit oraténgi dactienetidh §he first

provi ded an exposure nethod of forming. a pattern on . an object wt
P Padi ati on ORCan ERBRGY B 7t heL RerhOU e CORPRTSE Hoth SefhGoh Of the

coarse/fine novenent stage i.n whigch, the 1 bj [ u g n
fine nnvenen?gé?%d%év?éﬁﬁéi%E?%%jﬁu%%g g%%F%ehﬁgggé%F%%tgﬁg tgtgégﬁ the
drive met h°d5f9£s£hSzQE%ﬁ?”Eec&E&%mﬁ%ﬂ-th\é"tﬂ%}?ﬂﬁtf%ﬁ. Rtk + SIPCE Lo,
fine movement stage~on C the object I's nounted is driven with
hi gh preci si oncyskagngny, 20 eeecgkbst Beskiibik tQ tduivk Stipgeceir e/ fine
nmet hods of the present invention, it becones possible to formthe
pattern am t heovehgett swbdd high piekistenibyoexposi ng the object
with the energy beam
According to a tenth aspect of the present invention,
there is provided an exposure method of forming a pattern on
an object with irradiation of an energy beam, the method
comprising: driving a coarse/fine movement stage in which the
15 object is mounted on the fine movement stage, by using any
one of the first to third stage drive methods of the present
invention.
With this method, since the fine movement stage on which
the object is mounted is driven with high precision using any
20 one of the first to third stage drive methods of the present
invention, it becomes possible to form the pattern on the
object with high precision by exposing the object with the
energy beam.
According to an eleventh aspect of the present invention,
25 there is provided a device manufacturing method, comprising:

exposing an object using the exposure method of the present

invention; and developing the object that has been exposed.

BRIEF DESCRIPTION OF DRAWINGS



According to an el eventh aspect of the present invention, 25 there
is provided a device manufacturing nethod, conprising: exposing an
obj ect using the exposure nethod of the present invention; and

devel opi ng the object that has been expOng. BRI EF DESCRI PTI ON OF
DRAWNGS 11 FIG 1 is a view schenati cal showi ng a configuration
of an exposure apparatus of an enbodinent. FIG 2 is a view used to

explain a placenmentrpf, engedgrvi headsAnd ierf %&?%_b%r§-céufi&rz§tion

is a view showing a partial cross section of a” wafer stage shown in
FIG 1. FIG 4fisnacypevuusedpparexptabn ancemnbbgunanton of an

optical systemin a nmain section of the encoder head. FIG 5 is a

bl ock di agram show NG a ardisnacaidw guseat tonexiDaph a pdemnemehtsyftemroder
related to stage control in the exposure apparatus shown in FIG 1.
DESCRI PTI ON Cre&EABCORYENTSe AR EpboEEARNt of the present invention is
described _ 15 below,_with reference to FIGS. 1 to 5. FIG 1 shows a
schemat i ¢ confi gur dt1on dfiarf edsds sheviagpar ReGE1280CEPSEhgection of a
enbodi nent . Exggsure aggargtus 100 ié proj ecti on exposure

appar atus by 2°5tEpShAESsEAR Fethobli®  that is, a so-called scanner.

As is described I at . rojegti i yste ' ] 1.d
inthis enbpdinent,ﬁﬁ%hg%%% Ehghggé%gg%ﬁﬁ%ﬁgﬁgf%&f%p%gﬁg§gﬁgﬁgg¥gn8?san
gi ven assum nQ}gtiE@i ay8iERCI 0 RATRI Lokt 16nafs 0Pkt CahcAXES HaQf
projection optical systemPL is a Z-axis direction, a direction in
which a reticle ammi@ v&fier aapeotelditdgredny syeanined awns bh nicéen Pl @neation
10 of a control system related to stage control in the exposure

apparatus shown in FIG. 1.

DESCRIPTION OF EMBODIMENTS

An embodiment of the present invention is described

15 below, with reference to FIGS. 1 to 5.
FIG. 1 shows a schematic configuration of an exposure
apparatus 100 of the embodiment. Exposure apparatus 100 is
& projection exposure apparatus by a step-and-scan method,
that is, a so-called scanner. As is described later, a
20 projection optical system PL is provided in this embodiment,
and in the description below, the explanation is given assuming
that a direction parallel to an optical axis AX of projection
optical system PL is a Z~axis direction, a direction in which
a reticle and a wafer are relatively scanned within a plane
25 orthogenal to the Z-axis directicon is a ¥Y-axis direction, and
a direction that is orthogonal to a Z-axis and a Y-axis is
an X-axis direction, and rotation (inclination) directions
about an X-axis, the Y-axis and the Z-axis are Ox, Oy and 0z

directions, respectively.



25 orthogonal to the Z-axis direction is a Y-axis direction, and a
direction that is orthogonal to a Z-axis and a Y-axis is an X-axis
direction, and rotation (inclination) directions about an X-axis,

the Y-axis and the Z-axis are Ox, By and di rections,

respectively. 12 Exposure apparatus 100 T's equi pped with an
illumnpation system 10, a reticle stage RST that holds a reticle R a
projection unit PU Egpyales apbagecdevite ix0einchpdiing th waferl urstageion
WST on which wafer Wis nmounted, their control system 5 and the

like. As is dsgsteasetl0j na fretiedenpltegd). KBT Pahent hAppsi eatriettricle R, a
Publ i cati on No. 2003/0025890 and the like, illum nation system 10

i ncludes: a |pyhiesoiereanidnd@Uanaivafigl saeoendepitedi0 iagpdudinghatwater
has an illum nance uniformty optical system 10 containing an opti cal

i ntegrator andta®e WE’,'.[[(@n yhdch vetfeEI® IproNatedd thelri ReMEFohe witem,
whi ch are55homn n&natlon system 10 illum nates a slit-shaped

i Il uni nati“on 3r@a %\ = %hlch is defined by the reticle innd

[ ght) 7, System oty ) s Iar ok Err R RALS PaoPhr SRR Gon

i |lum nation #ﬁ]@i‘icét‘.—loﬁ”Nér F %@3@625‘5@@@ ahbohtpd V‘@‘i‘?{laengltﬂumlnatlon
193nn) is used, as an exanple. On reticle stage RST, reticle R having

a pattern suré@@@em@bwﬁﬂméagqllghﬂ%&r&é QB 6N langheeibh optical
pattern and the 20 like are forned is fixed by, for exanple, vacuum
suction. RetigyatsmaghaESﬁaeannbeiIlmmiwamcéveniﬁbtmﬁnytb@tX%amEﬂystem
and al so can be driven at a predeterm ned scanni ng speed in

scanni ng1l8i r econ bRy an pptikelyiakpgrdtpecanditiseilidea aﬁd-a reticle

blind and the like {none of which are shown). Illumination
system 10 illuminates a slit-shaped illumination area IAR,
which is defined by the reticle blind (masking system), on
reticle R with an illumination light {(exposure light) IL with
15 subkstantially uniform illuminance. In this case, as
illumination light IL, an ArF excimer laser light (wavelength:
193nm) is used, as an example.
On reticle stage RST, reticle R having a pattern surface
(lower surface in FIG. 1} on which a circuit pattern and the
20 like are formed is fixed by, for example, vacuum suction.
Reticle stage RST can be finely driven within the XY plane
and also can be driven at a predetermined scanning speed in
a scanning direction (which is the Y-axis direction being a
lateral direction of the page surface of FIG. 1), witha reticle
25 stage drive system 11 (not shown in FIG. 1, refer to FIG. 5)
including, for example, a linear motor or the like.
Positional information (including the position in the
Bz direction, i.e. information of 6z rotation) of reticle stage

RST within the XY plane (movement plane) is constantly detected



| ateral direction of the page surface of FIG 1) , with a reticle 25
stage drive system 11l (not shown in FIG 1, refer to FIG 5)

i ncluding, for exanple, a linear notor or the |ike. Positional
information (including the position in the 6z direction, i.e.
information of 6z rotation) of reticle st%ﬁe RST within the XY plane
(movenent plane) is constantly detected 13 at a resolution of, for

exanpl e, aroupd -x%%'é_')?u\l@ito@u as! eféf!egﬁaﬂpﬁ%qr a!l:?ﬁﬁfif@.r &ith a reticle

(hereinafter, refer to as a "reticle” interferonmeter”™) 16, which

irradiates a mp¥abl gt FfOForddtdi NheaGlivalfitly,, 2eYcro¥abl® 48 ar ofef{Dile
a retroreflector) having 5 a reflection surface orthogonal to the

Y-axi s directinteafidropstXripVviad! @htichr br riodvahgs @ metrbbtéinninrser fldcein
orthogonal to the X-axis direction are arranged) shown in FIG 1

with a neasusetealibgana Propesblenmunier P(bt saptraceordel @er¢oh hdveing
-Z side of 10 reticle stage RST in FIG 1 and held by a part of a
body (not 9 shawh§flPrb}eetsoniaes oPhagenal bar tee 02XaAdpFBFELPT oFnd
optical system PL mhicg is held b% barrel 40_and s conppsed of a
plurality of BptKcEPVEPLReRt SFoRSIBF O Ecti BREDREFEaP SUpsrem Prehegpnal
example, a dipptrjc systemthag | onpos a aljt f :
optical elene $s£%?e%sg§f%néﬁfsf£g?§p%g§d§95%§%§&5p§$égﬁ %ﬁigng 1 with

parallel to thm%égékémghgegggﬁp is used. Projection optical system
PL is, for exanple, both-side telecentric and has a predeterm ned

proj ection magni fi catdPact{8n QinON@UIURr beEce@MBefdil t ton ane: eizgBtiBe of)
tinmes, or the like). 20 Therefore, when illumnation area AR IS

illum natied wrebiclél simaga@tRsan ik gic. | L dndmdld by agbaon «fy st odiyO(not
illumnation light IL having passed through reticle R whose

shown). Projection unit PU has a barrel 40, and projection

optical system PL which is held by barrel 40 and is composed

of a plurality of optical elements. As projection optical

system PL, for example, a dioptric system that is composed

15 of a plurality of optical elements (lens elements) disposed

along optical axis AX paraliel to the Z-axis direction is used.

Projection optical system PL 1is, for example, both-side

telecentric and has a predetermined projection magnification

(e.g. one—quarter, one-fifth, one-eighth times, or the like).

20 Therefore, when illumination area IAR is illuminated with

illumination 1light IL from illumination system 10,

illumination light IL having passed through reticle R whose

pattern surface is placed substantially coincident with a

first plane {object plane) of projection optical system PL

25 forms a reduced image of a circuit pattern (a reduced image

of apart of acircuit pattern) of reticle Rwithin illumination

area IAR, on an area (exposure area) IA that is conjugate to

illumination area IAR described previously on wafer W, which

is placed on a second plane (image plane) side of projectiocn



pattern surface is placed substantially coincident with a first
pl ane (object plane) of projection optical systemPL 25 fornms a
reduced inmage of a circuit pattern (a reduced image of a part of a
circuit pattern) of reticle Rwithin illumnation area |IAR on an
area (exposure area) IAthat is conjugatecto illumnation area |IAR
descri bed previously on wafer W which is placed on a second pl ane

(i mage plane) st deaof s PEOLRCHT Uhd 4ndd iseRlra3%st @M-Bk +@8RdyPASE resist
surface is coated with a resist (sensitive agent), via projection

optical systems&hsilhes, agdyt NPWiNgY gretjedte dr eltdldale sk@tem PL. Then,
illumnation area | AR (i?l umnation light IL) in the scanning
direction (Y-laxi sudridig eeckktdn)earkl aledatimel ngowaflerund/raediatri verka IAR
exposure area |A (illumnation light IL) in the scanning direction
(Y-axis diretiidbnpipytsgnchionbudldr itve thfe remarglinstdigee RSPt ~axis
waf er stage WST, scanni ng exposure of one shot area (divided area)

on waf er Wi sCpEPFbiARY, 2NthG 18 DACVEPA BRIPELY A RIS T6 FFBASHER 2L

h h . , ci ficall in. nbodi, . f.
(9, e ShOt apga, AL, SROELT LSl e SIBRALEEI 808 TP. 0L
ool ect] on OBk ok X1 S e, 20D B4 1, 4 L0 B0, AALEE Mo

i1lum nation H:QJ[% wdr, ka0 eﬂ@ﬁ%ﬁ?@%ﬁf%n@ s Siadeendi 9f abard £ a)

40, a scale plate 21 is placed parallel to the XY plane, for

exanple, at anheiaght sl wWoi glrifbsmedr,f agel i s pabsicant i@f | yethgsh R is
with the |ower end surface of barrel 40. In the enbodi nent, scale
plate 210 s toapsfedred aoraticagjuiarapéat e Vhae bascifidafldyparin the
20 a circular opening in which the -Z side end of barrel 40 is
inserted and amepdentat, opeprgein ohiehticly Bide epnenitem on wafer W

by illumination system 10 and projection optical system PL,
and the pattern is formed on wafer W by exposure of a sensitive
layer (resist layer) on wafer W with illumination light IL.
i5 On the periphery of a -7 side end of barrel 40, a scale
plate 21 is placed parallel to the XY plane, for example, at
a height at which its surface is substantially flush with the
lower end surface of barrel 40. In the embodiment, scale plate
21 is composed of a rectangular plate that has, in its part,
20 a circular opening in which the -Z side end of barrel 40 is
inserted and a circular opening in which a -Z side end of an
alignment system {to be described later) is inserted, and scale
plate 21 is supported in a suspended state by the body (not
shown). In the embodiment, scale plate 21 is supported in a
25 suspended state by amain frame (ametrology frame) (not shown)
that supports projection unit PU. On the lower surface {(-Z
side surface) of scale plate 21, as a two~-dimensional grating,
a reflective-type two~dimensional diffraction grating RG

(refer to FIGS. 3 and 4) is formed, which is composed of a



al i gnment system (to be described later) is inserted, and scale
plate 21 is supported in a suspended state by the body (not shown)
In the enbodi nent, scale plate 21 is supported in a 25 suspended
state by a main frane (a netrol ogy framne) énot shown) that supports
projection unit PU. On the | ower surface {-Z side surface) of scale
plate 21, as a two-dinensional grating, a reflective-type

t wo- di nensi ongd s Ad natdd O earidldiRg dRBectiRneh st onHES. y Jaahdl HrdStion
formed, which is conposed of a 15 grating whose periodic direction

is in the Y-axisehdipesddrmiddpdtPhedeler munest i Chnde g@atlfy whose
pitch, and a grating whose periodic directionis in the X-axis
direction w tpeniopiedatieravitned pischine.tthe 1-pixtich. dThestion with a
diffraction 5 grating RG covers the novenent range of wafer stage

WET. \Vafer speeieteunbedopischquipped ivth aisthge bikes1diffraction

supported _substantially horizontally by a pluralit e.g. 3 or 4) of
vi brat i on i so¥ER F1RP REIERTSIR t(lb%r{%%ﬂ%‘? %W%r%%éﬁgr ot ade ﬂ%y%f-
surface, wafer sta T that i,s._plac 10 above sta bas

waf er stage drive g’@as eermssi?g(epg?yi&)g[el 56] %%o%uliprpﬁf’} (‘ﬁ%{l gr gFéget%‘ase 12

FIG 5) that driyves ‘é@ ?{o%%?i?%uﬁ\ggaggggrlﬁ_ggggﬁzéﬁﬁéfgkgﬁ‘? & ﬁﬂ(%lity

| aser interferoneter e ater), he

St age base 12(d sqhefleup)obraviBRBEL cRavidlafifhightddianddndUl@hitted in
shape, and its upper surface is finished so as to have a very high

| evel of fl atitessraatédgserares fAscxr gurtecy| anderusesyaiien wied el sgtlaged

WST noves. |nside stage base 12, a coil unit is housed, which

i ncl udes 18 plabeité tsjragfe babkslAd4a phicadstape aluiata Bysshape’ windrtiwlly

XY two di mensional directions 20 serving as a row direction and a

col umm directstpwn in FIG. 1, refer to FIG. 5) that drives wafer stage WST,
an encoder system and a wafer laser interferometer system (to
be described later), and the like.

Stage base 12 is made up of a member having a tabular

15 outer shape, and its upper surface is finished so as to have
a very high level of flatness, and serves as a guide plane
used when wafer stage WST moves. Inside stage base 12, a coil
unit is housed, which includes a plurality of coils 14a placed
in a matrix shape with the XY two dimensional directions

20 serving as a row direction and a column direction.

As shown in FIG. 1, wafer stage WST has z wafer coarse
movement stage (hereinafter, shortly referred to as a coarse
movenent stage) 91 and a wafer table WTB that is supported
in a noncontact manner with respect to coarse movement stage

25 91 by a drive mechanism (not shown) that includes, for example,
a voice coil motor or the like. Wafer table WTB 1is also
referred to as a wafer fine movement stage. As shown in FIG.

2, wafer table WIB is composed of a plate-like member having

substantially a square shape in a planar view (when viewed



As shown in FIG 1, wafer stage WSBT has a wafer coarse novenent
stage (hereinafter, shortly referred to as a coarse novenent stage)
91 and a wafer table WIB that is supported in a noncontact manner

Wi th respect to coarse novenent stage 25 ?% by a drive mechani sm (not
shown) that includes, for exanple, a voi coil notor or the Ilike.
Wafer table WIB is also referred to as a wafer fine novenent stage.

As shown in FkGon dhowaf ebnbabl & WEB §r§‘9€£’cﬁ?gl§?gc@18h§t@f | '15{edegrees
nenber having substantially a square shape in a planar view (wh

viewed 16 frem ah@R)om, anHitE fdmel yhdr iveriisn direetions thheSIY—aXJ_s
degrees of freedom which are the X-axis direction, the Y-axis
direction, theiZeaxisndi eaetizerxitsheli@eatiirect ity d:hed{yectlidrecttion Oy
and the Oz direction, with a drive mechani sm (not 5 shown). Coarse
nmovenent stageif9éctsorgamppelee iz liimeatdiom, sechi endmavengeahanism (not
rect angul ar- paralleleplped shape (like a uare prism having | ow

hei ght), whi cARRYB) a éﬁﬂ%ﬁ%ﬁsﬂ%ﬂﬁﬂﬁn?l%ﬁﬁﬁﬁa%%kt}%ne%%l%P?%nﬁéﬁhonaa%aln

t i nf dt f
Cubst ant i al 1y ST GGRT PARRPL R BRAL 6 For 2 %%&oﬂ&fﬁ“éﬁef G -
vai n secti on. s PART M Gl 3 INRELONE, MHATHRY B gt gt aped

plurality of EEQH&ésséééioﬁr§8x§££$H Qansﬂsaﬁn@utar Qi§@@ﬁ§§r&hé@'8f an
the XY plane, a housing that houses ?he magnet 15 unit, and

plurality of appebeanndseddcamgatd onathegpeni pheser éligé h@uib@t&@tﬂ.ally

surface of the housing. The nmagnet unit constitutes, together with

the coil Litodestapbettkathaerof wapbéantabhet@rB30ahy &osknder section

el ectromagnetic force drive, which is disclosed in, for exanple,

U.S. Patent N8las5thas, Jza5llahggrally arranged on a bottom portion of the
main section. Slider section 91a has a magnet unit composed
of a plurality of magnets that are XY-two-dimensionally
disposed within the XY plane, a housing that houses the magnet

15 unit, and a plurality of air bearings arranged on the periphery
of the bottom surface of the housing. The magnet unit
constitutes, together with the coil unit described earlier,
a planar motor 30 by Lorentz electromagnetic force drive, which
is discleosed in, for example, U.S. Patent No. 5,196,745 and

20 the like. Incidentally, planar motor 30 is not limited to a
planar motor by a Lorentz electromagnetic force drive methoed,
but a planar motor by a variable magnetoresistance drive method
can also be used.

Wafer stage WST (coarse movement stage 21) is supported

25 by levitation via a predetermined clearance, e.g. a clearance
around several um, above stage base 12 with the plurality of
air bearings described above, and is driven in the X-axis
direction, the Y-axis direction and the 8z direction with

planar motor 30 described above. Incidentally, it is also



20 the like. Incidentally, planar notor 30 is not limted to a

pl anar notor by a Lorentz el ectromagnetic force drive nethod, but a
pl anar notor by a variabl e magnetoresi stance drive nmethod can al so
be used. Wafer stage WST (coarse novenent,;tage 91) is supported 25
by levitation via a predeterm ned clearaﬁ%e, e.g. a clearance around
several m above stage base 12 wth the plurality of air bearings

descri bed abgfy@ss?@pe | o A MRD ddedhes DaaxivsT did agfd o rddie ofrXd S six
direction and the Oz direction with planar notor 30 described above.

I ncidental | y,dédréss abB0f ddedqassitt e lanhr ivetomf®r. stage WST in the
directions of six degrees of freedomwth planar notor 30. In the
enbodi nent, a nagnitrudehandmbodiimectti ore ohageliéutei @ncura edti regppbhedt
to respective coils 14a that 5 constitute the coil unit are

control | ed byekeeiwd ¥ cohrreniterspE biefn tion FeepeStivaf éoidsageidr ithat

system 27 _shown in FIG 5 is configured including planar potor 30
and the dBi veOBCHa S hithe SOAIDRAL BT €M AR LR O3 RyRapp gfgcroller

nmotor 30 is t limte | anar tor .a_npvi t t

10 but “can b SOk totEr Sy GRRGH I SOt s, RYA SRt AP L e
planar motor 30, ja planak, /It o, by, 'ﬂ%g{}%hgr' e¥icbat Ign LRt hed canve
al so be used. In'this'case, the air bearings described earlier do

not have to R HLANAEHe LAy WALk atralles WIBLcaquatsl1pol desndPdhotor 30
shown) is 15 arranged within a circular recessed portion on its

upper surfaces ras MaiifedMics anplahaed aotbhRebwai efiohidhgaragiiif erethdd,
is fixed to the wafer hol der by, for exanple, vacuum suction (or
el ect r ost.at i dwsuctdrome wi phasachuckondghanmemifgotoshowaihod. Further,
as planar motor 30, a planar motor by a magnetic levitation
method can also be used. In this case, the air bearings
described earlier do not have to be arranged.
On wafer table WTB, a wafer holder (not shown) is

15 arranged within a circular recessed portion on its upper
surface, and wafer W is mounted on the wafer holder. Wafer
W is fixed to the wafer holder by, for example, vacuum suction
(or electrostatic suction) with a chuck mechanism (not shown).
In the embodiment, the surface of wafer W sucked on the wafer

20 holder and at least the surface of an area around a wafer
mounting area (substantially corresponding to the circular
recessed portion) of the surface of wafer table WTB are set
to have substantially the same height. However, such a
setting does not necessarily have to be made.

25 Further, a configuration is employed in which positional
information of wafer stage WST within the XY plane can be
measured with an encoder system 70 (not shown in FIG. 1, refer
to FIG. 5). A configuration and the like of encoder system

70 are described in detail below.



In the enbodi ment, the surface of wafer Wsucked on the wafer 20

hol der and at |east the surface of an area around a wafer nounting
area (substantially corresponding to the circular recessed portion)
of the surface of wafer table WIB are set. _to have substantially the
same hei ght. However, such a setting doet® not necessarily have to be
made. 25 Further, a configuration is enployed in which positional

information of wafefssdags, %TaV\%RBhnviQ@ & Pi@ane can ngeﬂ’eﬁﬁél @d,uST
wi th an encoder system 70 (not shown in FIG 1, refer to FIG

confi gurati oneadddéhenddde (blerericedeersyshentlyOraf€r tesad hedheads, as
detail below. 18 As shown in a plan view of FIG 2, on wafer stage
WET, encoder headsd{ h&tzi n&iR erg0Glrord 16Dy efrer redahgedsahebolsy @srners,
needed) 60A, 60B, 60C and 60D are arranged at four corners,
respectively. reppenbiEe ic o theagsenergry negtlsheads IGOAL dmeds 60& and

that are Iocated on one of diagonal |ines_of wafer sta
heads wit R t heOY-EB&% akhe é@F@c‘}ﬁds@Flv%% s Hrgqralmdd: rSeF'?én‘t’a%er stage

di t f h 0B and_60D _t hat t ed t.h
ot her  di agonaloFi AECoF “@aPer Sraga ey aF o ﬂé&%&tfé‘%ﬁ R R heie
direction SerM%QQu?&ﬁéH@'cﬁggé‘Eacﬁo n%m[?)”hndl l?‘c%f %\ﬂé}'@% 460D that

attachnent sta eads to ma st age

descri bed, fOQEé'I&%J‘%ﬁdtQQ%@%ﬁ dlra%ﬂfr%%e'l‘&ﬁfe' aﬁ,w@ﬂ“gi- rs%fae;(erwgg are
to FIG 3 which is a sectional view of wafer stage WST in

vicinity of hpedd60LthlEhAsxshaws dirdédt€ios,sdathdHBE hﬂéla ﬂi@amrement
section 22 having a rectangul ar parall el epi ped shape (or
cylindriddl sHapeftiohat houses an optical system (to be described
| ater) inside
Now, the attachment state of heads G60A to 60D to wafer
stage WST is described, focusing on head 60C as a
representative, and referring to FIG. 3 which is a secticnal
view of wafer stage WST in the vicinity of head 60C.
15 As shown in FIG. 3, head 60C has a main section 22 having
a rectangular parallelepiped shape (or a cylindrical shape)
that houses an optical system (to be described later) inside
therecf, and is fixed to a corner portion (an area near the
corner) between a +X end and a +Y¥ end on the upper surface
20 of flange section 28 of coarse movement stage 91. That is,
head 60C is fixed to a position facing the corner portion
between the +X end and the +Y¥ end of wafer table WIB. To be
more specific, main section 22 of head 60C is inserted from
above and fixed into a recessed section 28a with a rectangular
25 shape (or c¢ircular shape) in a planar view having a
predetermined depth, which is formed on the upper surface of
flange section 28. Further, an upper portion of head 60C is

inserted from below inte a recessed section 23 with a

rectangular shape (or circular shape) in a planar view that



thereof, and is fixed to a corner portion (an area near the corner)
between a +X end and a +Y end on the upper surface 20 of fl ange
section 28 of coarse novenent stage 91. That is, head 60Cis fixed
to a position facing the corner portion between the +X end and the
+Y end of wafer table WIB. To be nore sp%%ific, mai n section 22 of
head 60C is inserted from above and fixed into a recessed section

28a wth are 3 i bl a4 ¢ o Vi
havi ng a pregéﬁggﬁﬁﬁgézggppﬁge3ﬁ?%ﬁﬁ#gﬁﬁ%ﬁﬂégggﬁs%ﬁgﬂﬁb6§F§2§?F5%5Mﬁ8d

of flange seghiwafe a_%weEUétﬁf‘féceQi’f waper Pasié reaf headeb&ledsfically,
inserted frombelow into a recessed section 23 with a rectangul ar

shape (or circonltae Stape)suntazepdmalt et eab IMATBLI owns rekleglikdysections
| arger than recessed section 28a, which is fornmed on the |ower

surface of watératrabfernd®. n¢abrehgpionficathyrs Drcihe howks SURS aeB,
of wafer table WIB, four recessed sections 23 are forned near the

four corners F@Ei A Hds BOReBIF ey 66G0CaiafeoDtabéspBERi vl SUPRELed
wafer table WIB is sqgggrted in a noncontact nmanner ab%ve coargg}h .
movenent st agt™ gl R TFT VETEChANSH (6L SEhBRIF PR aS589Pe” Wkt @
heads 60A, 60B,._60C and 60D, 6 except for. rt_.of i1l r ds
are respecti(\g/;‘?éjr?gh%eucg}aa Jl‘snnéi(&lé) %gm?”el pé@t?\?setarteecggr%?& ?gg\fgi%o%gﬂ’ 1%03’

23.) In this gagse etagen 4 pes. surface and the; puyer, 3
circunferentia sﬁ??ace o’fr?xgpfee sect%on 2 of head 660, angr\ﬁﬁei' are

table WIB, a gagoisti{eempthdinads iinLnrrughet eckpeptitenresestb@nsdZions
fromcontacting wwth the inner wall surface of 15 recessed section 23

even if wa@fer2saple WIBis naximally driven in any direction of
directions of six degrees of freedom on
In this case, between the upper surface and the ocuter
circumferential surface of main section 22 of head 60C, and
wafer table WTB, a gap is formed that is enough to keep main
section 22 from contacting with the inner wall surface of
15 recessed section 23 even if wafer tablie WIB is maximally driven
in any direction of directions of six degrees of freedom on
coarse movement stage 91.
An opening 28b that vertically penetrates is formed in
a center portion of the bottom wall of recessed section 28a
20 of flange section 28, and four optical fibers 62a, 62b, 62c
and 62d whose one ends are put inside main section 22 are put
outside flange section 28 via cpening 28b. The other ends of
the four optical fibers 62a, 62b, 6Z2c and 62d are attached
near the lower end of coarse movement stage 91. Of these
25 optical fibers, optical fibers 62b and 62d are fibers for
receiving light and their other ends are optically connected,
respectively, to a first photodetection system and a second

photodetection system (not shown) respectively having a first

photodetector and a second photodetector. And, optical



coarse novenent stage 91. An opening 28b that vertically penetrates
is formed in a center portion of the bottomwall of recessed section
28a 20 of flange section 28, and four optical fibers 62a, 62b, 62c
and 62d whose one ends are put inside nain section 22 are put

outside flange section 28 via opening 28 ‘0 The other ends of the
four optical fibers 62a, 62b, 62c and 62d are attached near the

llower end of gogLse %Vgﬂgr@ZcsTa%gef%ergfotrh%?gngﬁl@@ih&a.L'lngtbgﬁg their
optical fibers 62b and 62d are fibers for receiving light "and their

other ends aretiepti&add Yareopaciedly cespeeteds! Yesbecailel§l to a same
phot odet ecti on system and a second photodetection system (not shown)
respectivel y haghngsaufce st{or ptvod otdeglect osuanss atlssicosmit lights with a
phot odet ector. And, optical 20 fibers 62a and 62c are fibers for
transmitting $arg¢nthavml¢m?ﬁ otlfexidemde ldve optiicalll fibenaee?adand 62c
respectively, to a sane ht source %%r two |ight sources that emt
li ghts with aca%é%‘?eavmé’ﬁ’% Wll htbaE raﬁn%he%ﬂ BEPSEY e a@?alan%ll‘:h

62c 5 can be a sane o t ber branch in mdstrea nd such

2 case. 8 It ohi i Tom h LRt 155 Loipite T beSRTT 1A o (ot Thto
lights and t h r ti.v

section 22. gﬁw%‘%‘l&}n&% éﬁd% P‘? l?ﬁ?ﬁ:% Jf':_lerg![é)ése Eggéiﬁ‘g%iggulgganjfmlde
10 table WWBqngpnoQ@@tggn2§2that penetrates in a vertical direction
and has a stepped section is fornmed. Inside opening 24, a grating

plate 26 conposed ain antEgpsSPa=ANt ppeaben, o r@cesded 866t D6n Dok werer
is fixed in a state of being supported by the stepped section. In a

center palti omaloie giWaBi, ncrpl abenibg2@4 nthhe Yemdtsadiasecinmon, wertical
reflective-type diffraction
direction and has a stepped section is formed. Inside opening
24, a grating plate 26 composed of a transparent member, e.qg.
a glass or the like is fixed in a state of being supported
by the stepped section. In a center portion of grating plate
15 26 in the Y-axis direction, a reflective-type diffraction
grating RG2y with the Y-axis direction serving as its pericdic
direction is formed. In this case, a predetermined clearance
is formed between the outer circumference of grating plate
26 and the inner wall surface of opening 24. This clearance
20 is formed to prevent an unnecessary heat stress from acting
on grating plate 26 in the case where grating plate 26 is
thermally expanded. Further, the upper surface of grating
plate 26 is set substantially flush with the upper surface
of wafer table WTB. Incidentally, the surface where grating
25 plate 26 is installed does not necessarily have to be coplanar
with the upper surface of wafer table WITB in the Z-axis
direction.

The remaining head 60A with the Y-axis direction serving

as lts measurement direction is configured similar to head



grating Ry with the Y-axis direction serving as its periodic
direction is fornmed. In this case, a predeterm ned clearance is

formed between the outer circunference of grating plate 26 and the

i nner wall surface of opening 24. This clgﬁrance 20 is forned to
prevent an unnecessary heat stress fromatting on grating plate 26

in the case where grating plate 26 is thermally expanded. Further,

the upper surtpeeq@kcgiBEiNGboPE At ndbriBegetostbeb ARl abbyt {blShetween
with the upper surface of wafer table WIB. Incidentally, the surface
wher e grati nga25xplkaie 226 ias msiral |efl foesgaosetieressasi | yrhawvieet 0 the
be coplanar wth the upper surface of wafer table WIB in the Z-axis
direction. Theespeuatnirag dveedt 604 mid hmehbe¥saxiesai heatli o0& emriengalso
as its nmeasurenent direction is configured simlar to head 21 60C
descri bed abovenfagurefixggmidayn tor hbpsporereribedwadavea - X end and

a -Y end of flange sectjon 28. Further, the respective con%titutin

menbers near head 6DALHRET al'dd Rédﬁfpéhpgﬁd§i§9$d?3 SUhELEPYERE F RG-S
above. 5 Further he_pair_of heads Q?P.and 60D w%th %he X—gé's s are
di rection serYih§CEE Phet F- Tedd urtshent di'r eEFPSHE SHFET cQhFFyhrad

simlar to heégggg%ggéf%rpf%%F}E&Vgﬁg@”@oﬁi St Poed HUNET RO 'f't&%gd to

bet ween the + a corner portion between

-X end and thg c+o\ér?é1§iF@Etﬁbﬁr}9@t§@@ﬂ itoR 1R & ahespestivehy.addibt 88fner
t he respective constituting nenbers near these heads are al so

configured sipbkatohobétwsen tescr hadi ahpyehdHowevad, ofhelprgeoskction
directions of diffraction gratings fornmed at grating plate 26 that
face head?® 608, ante(EREMEl t hEuXthers dilectikespective constituting
members near these heads are also configured similar to those
described above. However, the periodic directions of
diffraction gratings formed at gratingplate 26 that face heads
60B and 60D are in the X-axis direction.
15 Now, a schematic configuration and the like of the
optical system inside head 60C are described referring to FIG.
4. Insidemain section 22 of head 60C, for example, an optical
system 64 1is housed, which includes a polarization beam
splitter PBS whose separation plane is parallel to an XZ plane,
20 a pair of reflection mirrors Rla and Rlb, a pair of lenses
Lla and L1b and a pair of lenses L2a and L2b, a pair of quarter
wavelength plates (hereinafter, referred to as A/4 plates)
WPla and WPlb, and a pair of A/4 plates WPZ2a and WPZ2b, a pair
of reflection mirrors RZa and R2b and a pair of reflection
25 mirrors R3a and R3b, and the like.
One end surfaces of optical fibers 62a and 62c¢ are placed
facing the incident surface of polarization beam splitter PBS,

and one end surfaces of optical fibers 62b and 62d are placed

facing the emitting surface of pclarization beam splitter PBS.



15 Now, a schematic configuration and the |like of the optical system
i nsi de head 60C are described referring to FIG 4. Inside nmain
section 22 of head 60C, for exanple, an optical system 64 is housed,
whi ch includes a polarization beam split%fr PBS whose separation
plane is parallel to an XZ plane, 20 a pa reflection mrrors R a
and Rib, a pair of lenses Lla and Lib and a pair of |l enses L2a and

L2b, a pair of quarfgran Wavelenat Regla%g%tener@éﬁéﬂsa td &fLhr edetOoder
as 1/4 plates) Wl a and Wl b, and a pair N 4 pl ates WP2a and

WP2b, a pair 70& (eéfeeti®FIq f s dBZl%tc’ﬂ:ﬁhtl@be@fnﬁeadpaDC Ofaser beams
reflection 25 mrrors R3a and Rib, and the Iike. One end surfaces of
opti cal fi berBB62eeandr&2entarld giitagednitaednfrohe ilighderbusoefaceanfed
pol ari zati on beamsplitter PBS, and one end surfaces of optical

fibers 62b andt6gdasse zp@’a@fé@ntfa’@a@g Phe endtt@ngeBirpadecopr laser or

pol ari zati_on bean1sglltter PBS. 22 In an encoder_(hereinafter,
referred to asP& Yi&RcoRRFeyoROo}aEization FPeamsFylEbhet | it ol by ReherL

orranged at EORPEE AR ERe e TR St LRty d b Besh FheRR i Ens
5 the like, eﬂger ﬁglZg&ﬁpﬁ%@cggasﬂhlhﬁféhent ié%é%ﬁ'%gﬁltf'bers

62a and 62c res ec and ONE neas eans and LB2

and LB3 and LBa by b@@éﬁﬁf@rﬁéﬁ@%é&% iftp, Meaauheweny J@ﬁ@ﬁh%ﬁlpolarlzatlon
transmtted through polarization beamsplitter PBS reaches scal e

plate 21 via pehhegiliidtdf PESIreadhdy 8cadshimasarenentrelfeadtiBa mirror

reflected off polarization beamsplitter PBS reaches scale plate 21

via refl ééti oRlaj ramad mRhburemecitdeatmaliBs, répbeéared atibHpodplkitatinon beam

this case neans the splitting of an incident beaminto a

P- pol ari zati oﬁpb@hb@né}ﬁs reaches scale plate 21 via reflection mirror Rlb.
Incidentally, “polarization split” in this case means the
splitting of an incident beam into a P-polarization component
and an S-polarization component.

15 Predetermined-order diffracted Dbeams that are
generated from diffraction grating RG due to irradiation of
measurement beams LB; and LB;, for example, the first-order
diffracted beams are respectively converted into circular
polarized lights by A/4 plates WP1lb and WPla via lenses Llb

20 and Lla, and then reflected by reflection mirrors R2b and R2a
and pass through A/4 plates WP1lb and WPla again and reach
polarization beam splitter PBS by tracing the optical path,
which is the same as the outward optical path, in the reversed
direction.

25 Each of the polarization directions of the two beams that
have reached polarization beam splitter PBS is rotated at an
angle of 90 degrees with respect to the original direction.

Therefore, the first-order diffracted beam of measurement

beam LB; that was previously transmitted through polarization



and an S-pol arization conponent. 15 Predeterm ned-order diffracted
beans that are generated fromdiffraction grating RG due to
irradiation of neasurenent beans LBl and LB2, for exanple, the
first-order diffracted beans are respectg%;ly converted into
circular polarized lights by 1X/ 4 plates | b and WPl a via | enses
LIb 20 and Lla, and then reflected by reflection mrrors R2b and R2a

and pass throgghmXsh pladessWPl b ard MR 8gaigh B Z83Gdh beam splitter
pol ari zati on beam splitter PBS by tracing the optical path, which is

the sanme as thesodhWaedtopti €aé patbt pHot bt EYEISRUsyEtERCIASH. sSESn)
Each of the polarization directions of the two beans that have

reached pol arizat ophibeantspert 62p, PBSli slsot @hedf atsarordayl @i Hfr&hced
degrees with respect to the original direction. Therefore, the
first-order dbetmach agasegamehtnesauldneitat jeamiBlidialnastlected off
previously transm tted, through pol arjization 23 beamsplitter PBS is

refl ect ed “of fPPORELZ2ALPEN Pedn sRItEGT PBS ahd ehteRrsmihEed; (ghrough

hot odet ect i t t sh ' {] fiber .62k, and also .

Do iras or ol P47t FFRERRY TR rhEndBl erdh boshin Lag posvhidesze
e ) OF™T el .

Cranem b CHPEEEAC-BEl LBy POl “BoncBPOR SPLLRL IS boan ot

synthesi zed GORERALRLAR! baW tiih,t evd | £8tePE dehediffrACt S HS@M Ot ion
measur enent beam LB1 and enters the first photodetection systemyvia

optical fibersg2beml9idheptithe pobari gabion directions of the two
first-order diffracted beans descri bed above are uniformly arranged
by, for lé&xanpl e, anhamalkyezerolasi ket tdredfirestiphetaddebediwoohirst-order
diffracted beams described above are uniformly arranged by,
for example, an analyzer inside the first photodetection
system and the beams interfere with each other to be an
interference light, and the interference light is detected
15 Dby the first photodetector, e.g. a photomultiplier tube or
the 1like, and is converted into an electric signal in
accordance with the intensity of the interference light.
Similarly, measurement beam LB3 transmitted through
polarization beam splitter PBS reaches grating plate 26 via
20 reflection mirror Rla, and measurement beam LB, reflected off
polarization beam splitter PBS reaches grating plate 26 via
reflection mirror Rlb.
Predetermined-order diffracted beams that are
generated from diffraction grating RG2y due to irradiation of
25 measurement beams LB; and LBy, for example, the first-order
diffracted beams are respectively converted into circular
polarized lights by A/4 plates WP2b and WP2a via lenses L2b
and L2a, and then reflected by reflection mirrors R3b and R3a

and pass through A/4 plates WPZ2b and WP2a again and reach



system and the beans interfere with each other to be an interference
light, and the interference light is detected 15 by the first
phot odet ector, e.g. a photomultiplier tube or the like, and is
converted into an electric signal in accordance with the intensity
of the interference light. Simlarly, meastrement beam LB3
transmtted through polarization beamsplitter PBS reaches grating

plate 26 via pgﬁ?ffiél‘?ﬁ%ﬁé\%&ﬁ répPirj]ﬁé% pd JTERSULEABNELDEGM 1B path,

reflected of f" polarizatio eamsplitter PBS'reaches™grating plate 26
via reflectignishriroenB Sandredeherditied-oogen cdinf baagt ach bransedddded
are generated fromdiffraction grating R&y due to irradiation of

25 neasur enentii beansoh B3 and LB4, for exanple, the first-order
diffracted beans are respectively converted into circular polarized
lights by A/ 4 pl at &Pl HrlrwPaalgebibenbiesed2ipnsand theatwabeatisethat
reflected by reflection mrrors R3b and R3a and pass through A/ 4

pl ates WZb aPAVHPREWRA Podrid ireddiPmReaBof Rt R BET FIPDeanTSFPLefent an
opti cal pat h, SPHLE HE: 14 oSl PEQk FORPOEbCRoOr NEHG: BT 57 | 2801 BT L0
directions of . th be b ve J[. oharizati

splitter PBS ?&ef%%éf%ﬁ g a%l%%ﬁéggggf 5& eg&ggg.&%?ﬁ%ﬁg%§§%$§§%§ment

the original dirgelH ohat To%%rﬁi&rrfouéff i QAR HEELERG S PEAM § on

of neasurenent beam LB3 that” was previously transmtted”through
pol ari zati on phgampIAkitdrePREBS irs fretkeet 86f ¢fd1 430l Afdizat beAmbegM tter

splitter 10 PBS and enters the second photodetection system (not

shown) \ila opB$ cald farierr62the ardoaldsphbhedbtestiondsysdehf (act echown)
via optical fiber 62d, and also the first-order diffracted
beam of measurement beam LB, that was previocusly reflected off
polarization beam splitter PBS 1s transmitted through
polarization beam splitter PBS and is synthesized
15 concentrically with the first-order diffracted beam of
measurement beam LBy and enters the second photodetection

system via optical fiber 62d.
Then, the polarizationdirections of the two first-order
diffracted beams described above are uniformly arranged by,
20 for example, an analyzer inside the second photodetection
system and the beams interfere with each other to be an
interference light, and the interference light is detected
by the second photodetector and is converted into an electric
signal in accordance with the intensity of the interference

25 light.

As can be seen from the above description, in Y encoder
70C (encoder head 60C}, since the optical path lengths of
measurement beams LB; and LB;, and LBs; and LBs; in the air are

short compared with an interferometer or the like, the



beam of neasurenent beam LB4 that was previously reflected off

pol ari zation beamsplitter PBS is transmtted through polarization
beam splitter PBS and is synthesized 15 concentrically with the
first-order diffracted beam of nmeasurenment beam LB3 and enters the
second photodetection systemvia optical?¥iber 62d. Then, the

pol ari zation directions of the two first-order diffracted beans

descri bed ab?ﬁf%@n&@iﬂa};é%yff&éwﬁﬂo@é"canzﬂoéw?i%?ﬂataggjn%’erggig And, by

anal yzer i nsi e Sec phot odet ecti on system a

interfere w thseachy Otifertdh P ANednnhebhes 80 d Isthile aNdtkhe1l due to
interference light is detected by the second photodetector and is

converted i ntifioedmehecis wafedl ghabei MsRCeRl/daneel vt bet heveéméebdtyween
of the interference 25 light. As can be seen fromthe above

descri ption, wafer epaioberWTH G d ercades heeehnS0C)stajacel t he. @ptdoriing
path | engths of nmeasurenment beans LB1 and LB2, and LB3 and LB4 in
the air afe Bhote Zoapdredati @It )an inntles MaasiEtatensy dikectiks, (ipghis
25 influence by air fluctuations can nDStLé be ignored. And

) ., b
rel ative novef@ft: bttt Head166€Hng scalhe phas 5% Tpsyrgment beams
novement of er. s e WsT,and/or relati nove t _bet ween_, waf er
Tobl o e andkoareh e, ahal T pehelEaftony pERYE T, 200 LBE enAlfidd, and
head 60C) , i X i i i i - axi '
o racrron (RN, U S i Ckechhte 138 Hinyeer! s

measur enent b%?&gﬁfgé@% and 1B chenges and iddwistd endtanRgid ysﬁieﬁé@ced

interference changes. This 'change in the intensity of the
interferance by ahie fSreeteet edcdfdiphdimidigcti @andyseennyd respectively,

phot odet ecti on systens, respectively,

and first positional information and second positional
information in accordance with the intensity change are cutput
from Y encoder 70C to main controller 20 (refer to FIG. 5).

In this case, the first positional information is information

15 that shows a relative position {(a first positional relation)
between coarse movement stage 91 and scale plate 21 in the
Y-axis direction and the second positional information is
information that shows a relative position (a second
positional relation) between coarse movement stage 91 and

20 grating plate 26 (wafer table WIB) in the Y-axis direction.
As is obvious from FIG. 4, in the embediment, measurement

beams LBy and LB;, and measurement peams LB: and LB; are
irradiated to diffraction gratings RG and RG2y, respectively,
along the optical paths that are symmetric with respect to

25 a predetermined center axis AXy perpendicular to the lower
surface (grating formation surface) of scale plate 21, i.e.
parallel to the Z-axis. It is important for head 60C and the

like that the optical paths of measurement beams LB; and LBy

are bilateraliy symmetric and the optical paths of measurement



and first positional information and second positional information
in accordance with the intensity change are output fromY encoder
70C to main controller 20 (refer to FIG 5). 1In this case, the first
positional information is infornmation 15 that shows a relative
position (a first positional relation) b Pween coarse novement st age
91 and scale plate 21 in the Y-axis direction and the second

posi ti onal i nb@LARL BN b8 1h)1k0LTBY L 0BethRLy ShpiRe@r 1€l aline pAshiLose

(a second positional relation) between coal se novenent stage 91 and

20 grating pl aretBe EWabet rtiabledWERk v nd he ot axtsesli i€€éh SmenéSetfor
obvious fromFIG 4, in the enbodi nent, neasurenent beans LBl and

LB2, and neasuceueatd@eaﬁmm a:rfdth%meetﬂa:qd:’rm@d:yo dhfifsr potthbnis
grati ngs RG and R&y, respectively, along the optical paths that are
Ssymmetric wi tﬁlseépecd t 625 detpriedet ef At negxeawtier axi's AXEternaticnal

perpendi cular to_the |lower surface égrati ng formation surface% of
scal e pl at® qubﬂléatlﬁarﬁpke?w%/% Z2a%FRe FPrrespapgipdny- forFatent

'E1 and Lbp APBLAPFALRal TOLUSARBOR B0 k) AN I 20l 6 Recof 1he-  In
reasur enent 26y 05A05, LR, ANLBA. ALe D ALeL SV Y PREL D18 bAen

because if the symre ric pr heasuf

occurs due toble&%% 0f, Lhe ﬁ%%rhErQBQQ%BYfrJﬂ'}%&P'G‘UC 't% diffraction
disclosed in detail, for exanple, 1n International 5 Publication No.

2008/ 026732 (bb@tﬁﬁ@éefﬁ@nﬁhﬂg Rd2S, RaigidctiApply cakiengPubld caimestric

No. 2008/0106722) and the like. In the enbodi nent, neasurenent beans

LB, and LBPR, apdineaspatenenthatbehaselBSniaend d:84 aKe dagaditstcedbbrem and

head 60C to diffraction gratings RG and R&Qy, respectively, along

the symetri ctherefore measurement beams LB; and LB; and the diffracted
beams derived therefrom, and measurement beams 1LB; and LBs and
the diffracted beams derived therefrom can share some of
optical elements, e.g. reflection mirrors Ria and Rlb and the

15 1like shown in FIG. 4, while maintaining the symmetric

properties described above.

Head 60A has optical system 64 that is configured similar
£o that of head 60C, and irradiates scale plate 21 and grating
plate 26 with one each pair of measurement beams, respectively,

20 and based on the measurement principle similar to the one
described above, head 60A outputs first positional
information that shows a relative position between coarse
movement stage 91 and scale plate 21 in the Y-axis direction
and second positional information that shows a relative

25 position between coarse movement stage 91 and grating plate
26 (wafer table WTB) in the Y-axis direction, to main
controller 20. Hereinafter, an encoder that is configured by

head 60A is referred to as a Y encoder 70A (refer to FIG. 5).

Although the remaining heads 60B and 60D have the



10 optical paths that share center axis AXE described above, and

t heref ore neasurenent beans LBl and LB2 and the diffracted beans
derived therefrom and neasurenent beans LB3 and LB4 and the

di ffracted beans derived therefromcan share sone of optical

el enents, e.g. reflection mrrors Ria an b and the 15 |i ke shown
in FIG 4, while maintaining the symmetric properties described

above. Head ﬁf%a@@fezggﬁt RIr SR 64 1Rk -1a%1G0A] | UE 86n SiHEd R 6o§0and
that of head 60C, and irradiates scale plate 21 and grating plate 2

with one eachspai4r®&fcdrpmisHl e R rial¥s to espectDrel¥sc2lbaadabased and
on the measurenent principle simlar to the one described above,

head 60A out peashfefr sheposiutpohal £itsf gromtiiomdlhanfshows ianr ehat i steows
position between coarse novenent stage 91 and scale plate 21 in the
Y-axi s directdaeladridrespeshtlpodictiveasal coaroe mrvianetthataghohls aad scale
relative 25 position _between coarse novenent stage 91 and grating
plate 263 wabkiteaBile WIBfFDEn ¥ 1RXA6 agiigeditior idnf! FE°REPn positional

GOA [ 5 1ol ﬁrZ?Jela i Ef‘%ﬁe%aﬁoaﬁ%%%re%@@ "%o%%r%ﬁ%n d%b{%%hcmse
he X axis o SECRBRC TRt ‘BoB nd 260D e A een P Rgty SaCEi ripoe 1P 4

head 60C descgjbed. éQ@gedlﬁaetlsﬁchtef mtafi%mc%tt%tﬁefﬂ s, pRsidd %}althe
information that shows a relative position between coarse nmovenent

stage 91 and sfRlPab Réat@rdident phenXigxés didectiiOntand seeedslrs that
positional information that shows a relative position bet ween coarse

novenent 16t agerdlcantlignatdnhyphabels2& (Bredred 6@D| er®WBefemretiheeo as X
X-axis direction, to main controller 20, based on the
encoders 70B and 70D (refer to FIG. 5).
Based on the first positicnal information and the second
positional information from Y encoder 70C, main controller
20 computes the first positional relation between coarse
15 movement stage 91 and scale plate 21 {(diffraction grating RG)
in the Y-axis direction and the second positional relation
between coarse movement stage 91 and grating plate 26
(diffraction grating RG2y, i.e. wafer table WTB) in the Y-axis
direction, and can also compute a positional relation between
20 wafer table WTB (wafer W) and scale plate 21 (diffraction
grating RG) in the Y-axis direction, i.e. a position in the
Y-axis direction (Y=-position) Yc of wafer table WIB (wafer
W), based on the first and second positional relations.
In a similar manner to the manner described above, based
25 on the first positional information and the second positional
information from ¥ encoder 70A, main controller 20 computes
the first positional relation and the second positional

relation described above, and can also compute a pesitional

relation between wafer table WTB (wafer W) and scale plate



simlar nmeasurenment principle. Hereinafter, encoders that 10 are
configured by heads 60B and 60D are referred to as X encoders 70B
and 70D (refer to FIG 5). Based on the first positional information
and the second positional information fromyY encoder 70C, main
controller 20 conputes the first positi ofal relation between coarse
15 novenent stage 91 and scale plate 21 (diffraction grating RG in

the Y-axis digeciyppsand {he seeont ReSi tionak &%gaisoaireswsﬁn i.e. a

coarse noverment stage 91 and grating plate 26 (diffraction grafing

Ry, i.e. wapesitabhenWH vi-BxtBeliY-edion -6k 0Nonpth §8MaFesOtable
conpute a positional relation between 20 wafer table WIB (wafer W

and scal e pl aveB2iwbadietf MEGt i lmasedr ahi ngheRG 1t at t hadY-sasdipest t depal
i.e. a positionin the Y-axis direction (Y-position) Yc of wafer

tabl e WIB (wafetat¥gnsbased on the first and second positional
relations. In a simlar manner to the manner described above, based

25 on theXirst posi? Pohdl ¥ SarRErohe $i TABNSEHHF Hidd pbRYE, based

information from,Y encoder 70A, in controller 2 onputes , the, , .
ot most i ol AP bl 1 L AL RaTRedPn BraIThe BEoRgPositional
descri bed abo [ c t ositjo atj.o we .
waf er table V\%I/'%f?%ﬂa%%lr% %Iér%gf s%%?% %%tg fgldg_f%aé(sdi ?ﬁlraac.rllcgn?gpét ?ﬂ%m
RG) in the Y- %h@r&‘li@ftz'o‘)@an'ccﬁnﬁ_@te Q‘?&éi@i‘oh@i the i BedlbeRtl O r
(Y-position) Ya of wafer table B (wafer W, based on the first and
second positioagle WeEd atWa0ns: WD khdasehlel plafBnper (40f fRgcPBeNefrating

descri bed above, based on the first positional information and the

se_cond pasi ti @Rl ini hher kabkan Hieeceaoh,ofi.X.emeederionA)Branthe/0D;axis

i n direction (X-positions) Xb and Xd of wafer table WTB (wafer
W) .

Then, when exposure or the like is performed, main

controllier 20 performs position control of wafer table WTB
15 within the XY plane while computing the position (i.e. the

position in directions of three degrees of freedom, which are

the X-axis direction, the Y-axis direction and the 0z

direction) of wafer table WTB within the XY plane using at

least three of Y positions Yc¢ and Ya and X positions Xb and
20 Xd described above.

Further, in each encoder of encoder system 70 in the
embodiment, for example, when wafer table WIB is inclined with
respect to the XY plane, the symmetric property of the optical
paths of measurement beams LB; and LBs; described earlier is

25 lost, and measurement errcor occurs in the second positional
information described earlier. And, for example, when coarse
movement stage 91 is inclined with respect to the XY plane,

the symmetric property of the optical paths of measurement

beams LB; and LB; and the symmetric property of the optical



controller 20 can conpute a positional relation between wafer table
WB (wafer W and scale plate 21 (diffraction grating 10 RG in the
X-axis direction, i.e. positions in the X-axis direction
(X-positions) Xb and Xd of wafer table WIB (wafer W. Then, when
exposure or the like is performed, main €dntroller 20 perforns
position control of wafer table WIB 15 within the XY plane while

conput i ng thegggggﬁfafo odbufemlhE RABI O HA 18, a%%tw@ﬁ Uod L E€urement

degrees of fr Ich are axis di reétion

direction andet-hgr@ecudid £6tchenyi oft paket ibahh e B tiHMahB& EYsecond

pl ane using at |east three of Y positions Yc and Ya and X positions

Xb and 20 Xdpdeseibheld aheyemaftubhheescribeacbaengeder of encoder
system 70 in the enbodinent, for exanple, when wafer table WIB is
inclined with respegérédotdp aX¥epdahen bdtevesyimietlinapiopei@yrotathen,
optical paths of measurenent beans LB3 and LB4 described earlier is
25 | ost, dnd Peasuramerrt) erfr @naf@c:cuablEnWTheﬂﬁmmﬂﬁm thicogdle XY plane
i nf or mation described earlier. And, for _exanp %n coarse

novenent st ag@™91 MeE SHAMEREd %?‘P\rré§ﬁéb‘fjefjo Jtl'he piegmd E"'ﬂ%ﬁtlonal
symetric pro the optical, paths of neasurenent

LB4 and the s@ﬂ%@%ﬁn?lélﬁPopg tyeﬁ? %H(B%‘??Eal ‘igd pat hgeio) FE08n BB,
measur enent b

in the first %@sﬁ}fr%&aﬁg #orma |on anénéqﬂéej %%?%ﬁwg’ggﬂ ?%% petetdithe

information dgggihedsganld@urciiel pEEr idd1RIRId OR PRI PE88t and second
inclination (Ox rotation, 5 6y rotation) of wafer table WIB with

respect UQ)thpo%atpbﬁae1nmuimﬁﬁﬁmﬂ@ﬂ@n&ﬁEéﬁcbdeﬂchmﬂeﬂtannéhejsaﬁmmwce,
post t1 onal and the obtained relations are stored in an internal memory
of main controller 20 in, for example, a correction function

or correctionmap format. Incidentally, each of the relations

described above can be acquired by using a methoed similar to

15 the acquisition method of correction information used to

correct measurement error of each encoder caused by the

relative motion between a head and a scale in a non-measurement

direction, which 1is disclosed in, £for example, the
International Publication No. 2008/026732 (the corresponding

20 U.S. Patent Application Publication No. 2008/0106722)

described earlier and the like.

Further, in the embodiment, a configuration is employed

in which the position of wafer stage WST can be measured with

a wafer laser interferometer system (hereinafter, referred

25 to as a “wafer interferometer system”) 18 (refer toc FIG. 5),
independently from encoder system 70. Wafer stage WST has an

X reflection surface and a Y reflection surface that are formed

on end surfaces on one side (side surfaces) in the X-axis

direction and the Y-axis direction, respectively, and wafer



i nformati on of each encoder, and a relation between inclination of
coarse novenent stage 91 with respect to the XY plane and
measurenment error included in the first and second 10 positional

i nformati on of each encoder are obtained %@ advance, and the
obtained relations are stored in an internal nenory of main
controller 20 in, for exanple, a correction function or correction

mep format. 'ﬂﬁtgfﬁé%&lé’tef Qi tle; ek at koos t@@%@&é?@@c%@@ﬁesﬁf‘ace
be acquired by using a nethod simlar to 15 the acquisition nethod

correction i niggneid anrésedctQonColf BEte TBRHPLITEIN18F, @i tef 2 egalcﬁka;llty
encoder caused by the relative notion between a hea ‘and a scale in

a non- neasur exénlaselt rectnonmnasdsnerentdibeanasedand, therebyaogh ened here
I nternational Publication No. 2008/ 026732 (the corresponding 20 U S.
Pat ent Appl i chlr¢ arpFubildre afi vaf®o. s A8 NGT067 22) reqtesens lpddf éueldegrees
and the like. Further, in the enmbodi nent, a configuration is enployed
in which @he %Bsf¥$%ﬁp%ﬁ(ﬁﬁﬂ(ﬁ’@?ﬂé@@l%S?téﬁﬁ b&hFedsared MIpctyon, the
mafer | aser terferonpter stenu%herelnafter ref%gred 25 to as a

"vafer i nter fOF GHEETC KGR ¢ Iradiqy Gt tly
from encoder system./f0. my¥g§%rf$@gef 1s ags ﬁgﬁﬁ&l CE'O%h%PrH?C§ide

and a Y refl ection surface ar e on e sur aces on

side (side sugfaggsd | QYtgﬁdxé%@f%c i @%H'ﬂﬁbaﬂﬁ theeYe¥¥fSce (-X end
di rection, respectlvely, and wafer 3 Interferoneter system 18

irradiates theuXrsed) eat vafesudimicenTandréficedtieél ecticofosHrfa€Bction
respectively, with a plurality of |aser beans (neasurenent beans) |,

and t her éby canrfeassirle/a bhe posi tredrerwtowaier XtagandbTtha mirror-like

directions of five degrees 5 of freedom (the X-axis direction, the

Y-axis directfbomishhes is applied to the +Y end surface and the -X end
surface of flange section 28 of coarse movement stage 91,
respectively, to form refiection surfaces 17c and 17d (refer
to FIGS., 2 and 3).

15 Wafer interferometer system 18 is equipped with a Y
interferometer 18Y that irradiates each of reflection
surfaces 17a and 17c with a plurality of measurement beams
parallel to the Y-axis direction, and an X interferometer that
irradiates each of reflection surfaces 17b and 17d with a

20 plurality of measurement beams parallel to the X-axis
direction, and this X interferometer includes a plurality of,
in this embodiment, two X interferometers 18X; and 18X, {(refer
to FIGS. 2 and 5).

A substantial measurement axis of Y interferometer 18Y

25 in the Y-axis direction is a straight line in the Y-axis
direction that passes through optical axis AX of projection
optical system PL and the detection center of alignment system

ALG (to be described later). Y interferometer 18Y measures

positional information of wafer table WIB in the Y-axis



6x direction, the By direction and the 8z direction). The mrror-1|ike
finishing is applied to the +Y side surface (+Y end surface) and the
--X side surface (-X end surface) of wafer table WIB, respectively,
to formreflection 10 surfaces 17a and 17? (refer to FIG 2). And,
the mrror-like finishing is applied to he +Y end surface and the
-X end surface of flange section 28 of coarse novenent stage 91,

respectively, qf EQE AL T efdget ie?” SUEd ACESn 17a%cﬁ”@hé7cb>£raﬁ%8tt18n, and
FIGS. 2 and 3). 15 Wafer interferometer system 18 is equipped with a

Y interferonpbelit18Xal hahfofhaei &t et edchsef mbekheati #PagsWT aeeshe ox
17a and 17c wmth a plurality of measurement beans parallel to the
Y-axi s directdongchndnafaidi hher Yeapiet@ireébhtionjrradi ates each of
reflection surfaces 17b and 17d with a 20 plurality of measurenent
bearms parallel to thé&uespansiadi neasispreand ity & OHKimter@omatar 18X,
i ncl udes plural ity of, in this enbodinent, two X interferoneters

18X1 and Tx2ir &P Xrgie GErertHal 55 A shbsighti dtrReddurtdifent—axis

axis of Yinterferoneter, 18Y 25 in,the Y-axi.s di.rection.,is-a . .
oo oht 11 neSLREERTB nd€ bagfead Rriadfigk B3 Al Shls Ry Sp hradgotion

axi s AX of prQject.l &pgni I t [

al i gnnment sSstSE%EEiﬁ%%to gﬁde:%?’ﬁe@#ﬁg{%ﬁe&e%g?hﬁg%lfsg?g%gﬁagag@al
neasures posihEQR@hti8H 06 FBlL P8r Of aMes e abh et M Byl fik i heg &t Sodland
direction, the Oz direction and the Ox direction, and positional

informati on ofthgo@rsedBYEerEsh Sthade HHel Bzt @i £Xct fhieckhan deed: 1heal
Y-axis direction). A substantial neasurenent axis of X interferoneter
18X1 10 information of coarse movement stage 91 in the Oy direction
(and the X-axis direction).
Further, a measurement axis of X interferometer 18X; is
a straight line in the X-axis direction that passes through
the detection center of alignment system ALG. X
15 interferometer 18X, measures positional information of wafer
table WTB in the X-axis direction and the Oy direction and
positional information of coarse movement stage 91 in the Oy
direction (and the X-axis direction).
Incidentally, for example, instead of reflection
20 surfaces l7a and 17b described above, amovable mirror composed
of a planar mirror can be attached to the ends of wafer table
WTB. Further, a reflection surface inclined at an angle of
45 degrees with respect to the XY plane is arranged on wafer
table WTB and the positicn of wafer table WIB in the Z-axis
25 direction can be measured via the reflection surface.
The measurement values of the respective
interferometers of wafer interferometer system 18 are

supplied to main controller 20. In the embodiment, however,

when controlling the position (including the 0z rotation) of



5inthe X-axis direction is a straight line in the X-axis direction
t hat passes through optical axis AX of projection optical system PL.
X interferoneter 18X1 neasures positional information of wafer table
WIB in the X-axis direction and the By direction (and the Oz
direction) and positional 10 information 8f coarse novenent stage 91
inthe By direction (and the X-axis direction). Further, a

Teasur ement ahseo! Jddd epber QuRler 183014 Syrd) SyAIN Lhoe s bhgne,

X-axis direction that passes throug the detection center o

al i gnment sysbeBiAibnaX 15nERtRETEFANENEAsEBXE NBASUERSOROSI tEPHRém 70
information of wafer table WIB in the X-axis direction and the By

directi on anddeposibednaboiraf b nakinbyofisedar sed nove nesd s stagen ® lva hues
the By direction (and the X-axis direction). Incidentally, for

exanpl e, insteddinfergttentions 1BY,sdfKacey 1BX: ek FRscdekeriillyedsed in
above, a novable mrror conposed of a planar mrror can be attached
to the ends ofhGefate 4% LANB tRuURt ieFlahirefdedticoneadgurgeent values

inclined at I f_ 4 S Wt t tot XY_pl '

T anged on wAPeR TaBI 6o\ S o 10 A (OR 6 CAUPBI PAbF LRaER P )

the Z-axis 28:diLecilon can beomeasuted yig (hey (et ech] O SULLaCE: oy
e nmeasurenent values of the respective Tinterferoneter or war er

i nterferomet ep Sysd @PrL8oar &t SRR 0 118} BCOM rld e 2@y sk Bl Norne
enbodi nent, however, when controlling the position (including the Oz

rotation) of gdsivabas strager¥BTtewakemirable ARRctWiddY iher Xhan the

pl ane, positional information neasured by encoder system 70

descri bed taboxeak$smai rdyt Used tang-thke sneaseceiBntan@ltiRs 6z direction,
i.e. in the Ox direction and the By direction are measured with
each interferometer of wafer interferometer system 18.
Further, the 8x rotation and the 8y rotation of coarse movement
stage 91 are measured with each interferometer of wafer

15 interferometer system 18.

Alignment system ALG is placed a predetermined distance
apart on the -Y side of projection optical system PL, as shown
in FIGS. 1 and 2. 1In the embodiment, as alignment system ALG,
an FIA (Field Image Alignment) system, which is a type of an

20 alignment senscr by an image processing method that
iliuminates a mark with a broadband (wideband) light such as
a halogen lamp and measures the mark position by performing
image processing of an image of themark, is used, as an example.
Imaging signals from alignment system ALG are supplied to main

25 controller 20 via an alignment signal processing system (not
shown) (refer to FIG. 5H).

Incidentally, alignment system ALG is not limited to the
PIA system, and for example, an alignment sensor, which

irradiates a subject mark with a coherent detection light and



of interferoneters 18Y, 18Xl and 18X2 are secondarily used in 5 the
case where long-termvariation of the neasurenent values (e.g. due
to deformation of a scale caused by tine passage) of encoder system
70 is corrected (calibrated) , or for backup at the tine of output
abnormality of the encoder system The positions of wafer table WB
in directions other than the 10 X-axis direction, the Y-axis

direction andgthect® dsrgetkoad liigh@orid“dﬁﬁ@r@ét@ﬂr%ﬂ@@e@@@at@@ Byom
direction are neasured with each interferoneter of wafer

i nterferonetethsyshigmek metwkt her , natkesOxtwot atifffirasted he@iByits (e.q.
rotation of coarse novenent stage 91 are neasured with each

i nterferonet edidfraated lightimeérthe sapeardyspemiBiradiemieghts being
system ALG i s placed a predeterm ned distance apart on the -Y side

of projectiondepfraaredyist etn FRME ;&1 53R ) roFrEtad gherD . the $peiect

ST r ook ook RS, L el 6 AT R 2O
processi ng ne}l%?lgrgf.gitf bél lhg%hngigﬁe aOEra{l}l( r%gigapiggdggngee%ed.
(wi deband) Iig Such’ as~ a hal ogéen”| anp~ and neasures the nmar

posi tion by perfor ”ir?giddii‘&‘i%%,pir?%%?%isﬂgeoipﬁ&éﬁ?g‘io@fof BE " Bikoad Bent,

used, as an exanple. magi ng signals fromalignment system ALG are

supplied to nmahntRe e@aiﬁgtyebfZgzbE@c@ao@! W@ ey ,Signakl PIRsass| fgcal
system (not shown) (refer to FI ). Incidentally, alignnment system
ALG i s not |ipbsedicon déeecHidy isiten (dedefion fexanpkepranyatkefoneat to
sensor, which irradiates a subject mark with a coherent detection

li ght and B3 adet ewtlst ipsivut tAR e dtieght Adr ba dnf ppatged fnghdent method

generated from the subject mark or nmakes two diffracted |ights (e.gr.1
{not shown in FIG. 1, refer to FIG. 5) is arranged, which has

a configuration similar to the one disclosed in, for example,
U.S. Patent No. 5,448,332 and the 1like. The detection signals
of multipoint AF system AF are supplied tc main controller
15 20 (refer to FIG. 5) via an AF signal processing system (not
shown). Based on the detection signals of multipoint AF
system AF, main controller 20 detects positional information
of the surface of wafer W in the Z-axis direction at each
detection point, and based on the detection results, executes
20 so-called focus-leveling control of wafer W during scanning
exposure, Incidentally, it 1s also possible that the
multipoint AF system is arranged in the vicinity of alignment
detection system ALG, and surface position information
(unevenness information}) of the wafer surface is acquired
25 beforehand when performing wafer alignment, and then, when
performing exposure, the so-called focus-leveling control of
wafer W is executed using the surface position information
and the measurement values of another sensor that detects the

position of the upper surface of the wafer table in the Z-axis



diffracted lights of the sane order or diffracted lights being
diffracted in a sanme direction) generated fromthe subject 5 mark
interfere and detects an interference light, can naturally be used
al one or in conbination as needed. In addition, in exposure apparatus
100 of the enbodinment, in the vicinity o?4projection unit PU, a
mul ti point focal position detecting system (hereinafter, shortly
referred to 1Qiagceiul tipoint AF system) AF by an oblique incident
nmet hod (not sﬁomm in FIG 1, refer to FIG 5) is arranged, which has

a configuration siniubaeoter] hen aedlisd ased raftusl 000ex@M & ofUrSticle
Patent No. 5,448,332 and the |ike. The detection signals of

mul ti poi nt AFadyshernAFdatecstippl sgdtemsmaBA andt 188l ¢not5sBROwhHr eheFIG.
to FIG 5) via an AF signal processing system (not shown). Based on
the detectionlsigméts tof Fh@l t5)pbyret TAR (Bystegh ARe Ret hctohtmeditas ugdng
detects positional information of the surface of wafer Win the .
Z-axi s di rect RPohl it #déh 2RSHPOESH PoY it SRAHY B EseAr BRILAS RIS EEF bR e

results, executes_20 so-call.ed focui-levelin control of wa
I

f
dulri ng scanni hg BXpRStIe? SEAeh Pl FHELFEe] Jaﬁrg‘berbfo@itﬁlcéel[oﬁl\é\%yﬁﬁms
X ; AF ; ¥ R L .
mul t1 pol nt %%XSﬁcgl'I%gsn%Fésﬁlﬂgg(illeﬁ Eg?\la\ilncég%l{yof{reg Z'Og?ﬂg%% allggment

det ection system ce posi on tntornmatl on unevenne

i nformation) gf hhe mg%sg%gaggs&émawekr gflogn) bef orehand when
perform ng wafer alignment, and then, when perform ng exposure, the

so-cal | ed focus-Ievel&ngs GHwolh ebntwalesyin xeotded disiaget Bentrol
surface position information and the neasurenent val ues of another

sensor tHat defeetsoshee gpysidatars @b 0t he aupperksdi fgcaempfaltteowst er part
table in the Z-axis 34 direction.
of the control systemis ocmitted. The control systemismainly
configured of main controller 20. Main controller 20 includes
a so-called microcomputer {or workstation), which is composed
of a CPU (Central Processing Unit), an ROM (Read Only Memory),
15 an RAM (Random Access Memory), and the like, and performs
overall control of the entire apparatus.

In exposure apparatus 100 having the configuration as
described above, when manufacturing devices, reticle
alignment and baseline measurement of alignment system ALG

20 are performed in a procedure similar to the procedure of a
conventional scanning stepper (e.g. the procedure disclosed
in U.S. Patent No. 5,646,413, and the like), by using reticle
alignment detection systems 13A and 13B described above, the
fiducial plate {(not shown) on wafer table WTB, and the like,

25 and before and after these operations, wafer alignment (such
as the Enhanced Global Alignment (EGA), which is disclosed
in U.S. Patent No. 4,780, 617, and the like), and the like

are performed.

Then, main controller 20 performs an exposure operation



Mor eover, in exposure apparatus 100, a pair of reticle alignnment
detection systens 13A and 13B (not shown in FIG 1, refer to FIG 5)
by a TTR (Through The Reticle) nethod using 5 a light with an
exposure wavel ength are arranged above reticle R Detection signals
of reticle alignnent detection systens 1 and 13B are supplied to
main controller 20 via an alignnent signal processing system (not

shown). FIG éysﬁo%e%—ﬁﬁatéehnsﬁ{éﬁﬁwrBé@é&doﬁotﬁé%§a§@£‘éﬂh@ht 20s@fts
exposure apparatus 100 in a block diagram although a part of the

control systeBrfish®malsteddnelThfdCthY Walfesysl eghhén tatdB Wl t £,0ahidgpsetderns
of main controller 20. Main controller 20 includes a so-called

m cr oconput er oforetmbckstRtan )t ragd fdriesl cempesed vedfy aoCRUplCeaflialy of
Processing Unit) , an ROM (Read Only Menory) , 15 an RAM (Random
Access Menorypholingred® a1 ke ieanl - pefi by mpiialopegaitios 16f peréormed

entire apparatus. _In exgosure apparatus 100 having the confisgur atjon
as describedP¥b8vECTRAERL HakGPEELGIEING RAATTELY PRI E S MPYFmeht? ©f
and basel i ne mea?uremant of alignnent s%stemA G.20 are ferftormagsirn d
a procedure sPRfFEFPEE9tHE psry&cgicfﬁrné’uosf 8V EEGhvent i onat S scanmiag an
stepper (e.g. wgggrprsocca rﬁs‘iﬁ Sc‘l:éé) e&n 'J'_J v§bug§§(en£ncli\b'an5’%ggeél'ghot
and the like), by using reticle a |gnmen%D getectl n systens and

13B descri bedpgbementt R8tebpdHE) abpBlat echNOt 8BOYVRY PArdRf 8Eababher to
WIB, and the like, 25 and before and after these operations, wafer

al i gnment (sugh a@seldathuaseeadtGhabeds At 1 gnmit ekEGAhrewi gholtSareas.
disclosed in US. Patent No. 4,780, 617, and the like), and the |like
are perfdrired. Thenbunmia tbet raaldrerirk) pepdours drsexpbsdr ebove, main
operation 35
controller 20 measures positional information (including
rotational information in the 6z direction) of wafer table
WIB (wafer stage WST) within the XY plane using encoder system
70, and also measures the O0x rotation and the 8y rotation of
15 wafer table WTB and the 8x rotation and the 8y rotation of coarse
movement stage 91 using X interferometer 18X; and Y
interferometer 18Y, and correcis the respective measurement
values of at least three encoders of encoder system 70 based

on the 6x rotation and the Oy rotation of wafer table WIB and

20 the 0x rotation and the By rotation of coarse movement stage

91 and on the correction function or the correction map
described earlier, and then, controls the position of wafer
table WTB within the XY plane based on the respective
measurement values of at least three encoders that have been
25 corrected. Further, during the scanning exposure described
above, main controller 20 executes the so-called
focus-leveling control of wafer W, which adjusts a part of
a shot area subject to exposure of wafer W (an area

corresponding to exposure area IA) into the depth of focus



by a step-and-scan nethod based on the neasurenment results of the
basel i ne and the wafer alignnment results, and patterns of reticle R
are transferred respectively to a plurality of shot areas on wafer
W This exposure operation is performed 5 gy alternately repeating a
scanni ng exposure operation of perforninﬁ t he synchronous novenent
of reticle stage RST and wafer stage WST described previously and an

inter-shot npyesenyc el SPRIAG - LPEN AN PRl b MW NG W fLhr3ha0Re M0dn i sm
to an acceleration starting position for exposure of shot areas. 10

During the scanptnghe¥PPLHL=dlesCEhbede 8HO¥Eme MBI e 1 eI Ohlet i38int AF
measures positional information (including rotational information in
the Oz directEsgnyenfAiaf dhdaradficere WhBfewateblst@le MWEDriwdrhiin thelédst
pl ane -usi ng encoder system 70, and al so neasures the Ox rotation and
the Oy rotationeobflFhmferatiabl @ivd8taow, t hbe9Rxr ctiatdainicanchrtchetl@y 6z
rotation of coarse ,novenment stage 91 using X interferonmeter 18X1 and
Y interfetonBtERCEBYN, afHTEBEr BEESTPRBST L8PRELIGeCRBASALeneNt

TR At f M i e
rotation and E]@?OEXmQREat lw?ﬂl%f & @é&@iﬁ%vﬁggmsos-t ec?lfgglgsgf%\trgfing

correction functron or fhe correction na scribed earlier, an

then, control ohheopost thofe Ofy Wali! pdabklie WIBaWiLR: Rt RetX¥iBhalg the
based on the respective neasurenent values of at |east” three

encoder s t hatghayerbeelonp SONFLEd bt gt el widWinNgnehgySeaBAEN8an be
exposure descri bed above, main controller 20 executes the so-called

f ocus- | evid i ngononbidedof wvaher hMghwhipodecadjivst s legedt of messotement
area subject to exposure of wafer W(an area corresponding to
exposur e ar ealnfypripatdon el déyst Weebektdys encoders of encoder system 70.

Meanwhile, if the processing accuracy of the upper
surface of stage base 12 and the performance of a plurality
of air bearings of slider section 9la are increased to some

15 extent, then movement of coarse movement stage 91 in the Z-axis
direction, the Ox direction and the Oy direction is considered
to become so small. In this case, measurement error included
in the first and second positional information of the
respective encoders, due to inclination of coarse movement

20 stage 91 with respect to the XY plane, can be mostly ignored.
In such a case, the inclination of coarse movement stage 91
does not have to be measured with wafer interferometer system
18. Further, in this case, even if wafer table WIB is inclined
with respect to the XY plane, the symmetric property of the

25 optical paths of measurement beams LB; and LB, of each encoder
is not lost, and only the symmetric property of the optical
paths of measurement beams LB; and LBs of each encoder is lost,
but the optical path lengths of measurement beams LB; and LBs

are shorter than those of measurement beams LB; and LB, and



36 of projection optical system PL by driving a drive nmechani sm

(not shown) based on the neasurenent values of nultipoint AF system
AF. Therefore, wafer table WIBis driven in at |east one of the
Z-axis direction, the 6x direction and the,Oz 5 direction, during the
focus-leveling control. Consequently, acCording to exposure
apparatus 100 of the enbodinment, while executing the so-called

focus-level i nghegembi-el tok affehieWeet RE PO it (dMad tiding 60t atdePion
inthe Oz direction) of wafer stage WST within the XY plane can be

10 control | edgwethnhi ghtpresssson thaskd loaadebs Ureermant Acobedimtyign the
of the respective encoders of encoder system 70. Meanwhile, if the
processi ng actgrasyenentheruppe?t sipdhaceaident agaiseasbylhandnehenation

performance of a plurality of air bearings of slider section 9l1la are
i ncreased to SéMELems teldentTB piéh FevrpehCLFhecEr Beapsveirehe Sedgesd-

91 in the Z-axis difection, the 6x direction and the 6y direction.is,
consi dered to becohs Kb HRATLENPRTS: cASBo L EAE e R e FBRS device
included in the,{j 1slqang (Hecansopasihi onal,intaret Lonofid han £o op
respective encoders, ue to I nclination of oar se venen stage

91 with respegh 10 Lhe XY Rleang et dosh | yoi grer eGuranl R SUGD @carse

case, the inclination of coarse novenent stage 91 does not have to

be neasured wihbhetaherstager ey aml emaysten thd Wiwithebr thet Dike for
case, even if wafer table WIBis inclined wth respect to the XY

pl ane, the syanppiyinpridpeeigcotithewdy toptheads pathse 60 Dnbess hetreatist
beans LB1 and LB2 of each encoder 1is not lost, and only the

symet ri dGr opervgenf adrropt Mexknepat hstage nédsupademainsant abB8 aREB .
LB4 of each encoder is_lost, but the optical path |engths of

measur enent bReRRTEBRJAKd BB 1f wafer table WTB is driven on coarse

movement stage 91 by the drive mechanism in any direction of

directions of six degrees of freedom, which are the X-axis

direction, the Y-axis direction, the Z-axis direction, the

15 6Ox direction, the Oy direction and the 6z direction, the

movement of wafer table WIB is not blocked by a tensile force

of the wiring or the like described above. Further, in the

case where wafer table WIB moves on coarse movement stage 91

in a direction parallel to the XY plane, encoder system 70

20 measures positional information of wafer table WTB within the

XY plane with high precision based con the outputs of cone, or

two or more head(s), of the plurality of heads 60A to 60D,

which face(s) scale plate 21 (diffraction grating RG) and

grating plate 26 (such as diffraction grating RG2y).

25 Accordingly, the positional information of wafer table WTB

within the XY plane can be measured with high precision without
being affected by fine movement of wafer table WTB.

Further, in wafer stage device 50, even if wafer table

WTB moves relative to coarse movement stage 91 in a range where



are shorter than those of nmeasurenment beans LBl and LB2 and 37
therefore the influence of inclination of the diffraction grating
wWth respect to the head is |lower. Accordingly, the neasurenent
error of each encoder caused by the inclipation of wafer table WIB
with respect to the XY plane can be reducdd. 5 As is described above,
according to wafer stage device 50 related to the enbodi nent, a

plurality of hgads @QélEOW@QEEaEhﬁBv89n§B§t?E@b?@ﬁQdéb BYELEAY DcRlBrly
arranged on coarse novenent stage 91, and therefore the wirting or

the like for osuppl yhngddier@lact HCcpenehet 8. heatds 40Ahd10; 6@RedRess no
not exist 10 between coarse novenent stage 91 and wafer table WB.
Accordi ngly, eveik thawafter stialbbéi\WhBar$sdsiwenr®posdarise mepserentnt of
stage 91 by the drive mechanismin any direction of directions of

si x degrees ofafesetapde Wk hratke tlhiekexbaxpscodekety$iornm tthasvyadressely
direction, the Z-axis direction, the 15 Ox direction, the

di recti on and2fRECERddi recd i oM aSHE SMPNFenBREOB! URFENS t BI eNEFBIFEMent

ot O ooked, By gL L, LS O W BB A e B cer
movenent stage 91| ﬂo@eﬁé{fc&{f’ e R al | el 1t e XY Eblr%”eana%ﬁgeiike,

system 70 20 neasSures positrona ormation of wafer table

within the XY pkapepy tRi1ghPread Sdaik Rasad Gy ddie DU S, 0ff ORgfer
or two or nore head(S), of thé plurality of heads 60A to 60D, which

face(s) scal etpbatew?s.(diffraction grating RG and grating plate 26
(such as diffraction grating R&7). 25 Accordingly, the positional
i nformatildn of waf eFutahée, VlEordidmy ntd eheX¥énploanieendan be hpadesedibed
wi th high precision without being affected by fine novenent of wafer
t abl e WIB. previously, because the movement of wafer table WIB is not
prevented by the tensile force of the wiring or the like, any
problems do not particularly occur even if a plurality of
encoder heads are attached to wafer stage WST. Accerdingly,
15 the positional information of wafer table WTB (wafer stage
WST) within the XY plane can be measured with high precision
without being affected by fine movement of wafer table WTB,
and hence, 1t becomes possible to perform high-precision
exposure to wafer W held on wafer table WTB by contrelling
20 the position of wafer table WIB {(wafer stage WST) within the
XY plane with high precision during the exposure. Further,
since the 1ight source and the photodetector which become heat
source do not exist within the head, the influence of heat
on wafer table WTB can be reduced.
25 Incidentally, 1in the embodiment above, a pair of
measurement beams LB; and LB, and a pair of measurement beams
LBz and LBy are separately irradiated from each head to scale

plate 21 (diffraction grating RG) and grating plate 26 {e.qg.

diffraction grating RG2y). And, main controller 20 obtains



Further, in wafer stage device 50, even if wafer table WDB noves
relative to coarse novenent stage 91 in a range where 38 wafer table
WIB can nove, any problens do not particularly occur in neasurenent
by each head. Accordingly, there is no risk that the situation

ari ses where position neasurement of wafé? table WIB or the |ike by
encoder system 70 is adversely 5 affected, e.g. neasurenent error

occurs or nea Héeﬁ?ﬁét(éég§%¥%ﬂéitﬁéf%%%ﬁﬁsbeQ%%eEQCBQ?sEe&gﬁ%%S%&Eftage

di spl acenent between oarse novenent stage 91 and wafer t

and the like, g1cangeskdye levpld o and raecpbakatepBhdeaelerat bANb8ked on
wafer table WIB. 10 Further, according to the enbodinent, as is

descri bed preneéqisitselkeaatisecbhecrpyenanigrofl wafitie tabke FAFBnice hdght
prevented by the tensile force of the wiring or the |like, any

probl ens do nof gaffrauied Iyighdesur revenni ¥ighpd dialn tly féfacencnderating
heads are attached to wafer stage WST. Accordingly, 15 the positional

i nformati oh oRGhaferlvem| oy BearafranesitapeamasTs: \inchild: t FeSHEChi anky
can be measured with high _precision wthout heing affected by fine
movenment of m%?@rOPBBFBgm# ° S&ﬁ&nﬁe@&ilﬁHQW%;xﬁéiéﬁﬁﬁﬁﬂ9ﬁ¥ﬁ¥ coarse
perform high-preci sipn_, exposure to f.er W.hel d.,on waf.er .
by controllinﬁoﬁﬁm?%g %%%9 i%#:%ﬂé\ﬁﬁgiiqgaﬁ%g é%(dgﬁggrs%§§%SVég$) in
within the Lol ane W {gh4PLECESHAN | g e pas d th
Further, si ﬁegt he S;Mg]%]elt?négiotgtjrge g%jcci !tjﬁe p odto e<_i:tCie1ct':_i§§S \%h%’:% ecgrl}e ©

heat source gRoPOL18XESLcdDid-dth headalt be trd liverceoferieatl 1988 of
waf er table B can be reduced. 25 Incidentally, in the enbodi nent

above, a lgai rdoffraeasdr eneyithedns ol B, retdrh B2 iaytsa gabm ofiffraction
measur enent beans
grating RGZ2y) derived from measurement beams LB; and LB,
respectively, and further, computes a positional relation
between wafer table WIB and scale plate 21 in the measurement
direction described above based on the first and second
15 positional relations. However, the present invention is not
limited thereto.

More specifically, for example, a light-transmitting
section through which a measurement beam from each encoder
head can be transmitted, e.g. an opening section, a transparent

20 section (e.g. grating plate 26 corresponds thereto), or the
like only has to be arranged on at least a part of wafer table
WIB (fine movement stage) so as to face one, or two or more
encoder head(s) (an encoder system (measurement device) is
configured including the encoder head(s)) fixed to ccarse
25 movement stage 91, and therefore, a grating (diffraction
grating) does not necessarily have to be arranged. Also in
such a case, positional information of wafer stage WST within

the XY plane can be measured with high precision {(e.g. hardly

affected by air fluctuations), based on the cutput of at least



LB3 and LB4 are separately irradiated fromeach head to scale plate
21 (diffraction grating RG and grating plate 26 (e.g. diffraction
grating R&y) . And, main controller 20 obtains 39 the first
positional relation between coarse novenent stage 91 and scale plate
21 in the neasurement direction based on 4% he phot oel ectric
conversion signal of the interference light of diffracted lights

(return |ighténéQQEE%ka%@%E;Qﬂagrf{%éﬁh%&é@ﬁg;%@k% §d:Lr 9 (qiffraction

measur enent beans an respectively tains the secon

posi ti onal r%ﬁéé;mi_;Q@ﬁw@\f&arﬁeﬂm&e%%a%@ggta e ST (A4 MKk /fine
plate 26 (wafer table ) in the neasurenent direction described

above based ofiotv&fenphaiapleslo e comyersint Hitgndll phatra@ lel to the XY
interference light of 10 diffracted lights (e.g. return lights from
diffracti on mtramengrRERY)tlder imesbdreammeasaaanent (Ikans LBEE anih LBahe
respectively, and further, conputes a positional relation between

waf er tablPe WrBikindt seasrel b te Paciionhanasereremt dofferetierh lights
descri bed above based on the first and second 15 positi onal

rel ations. HoWeYBr SIHE pP&éft fhvelfiordctin JI55RiEd Bféretdd the
Mo i ficall f | li,ght -t 1 tti ti th h
whi ch & measur BHEHTCBURITT OG5 aRCoder s REddCean’ 5341 Ao 1 Podore
€. g.an openi n@n?ﬁ&éf aca(spr?E§Q?F. x&d t%eﬁéhﬁ?ge( oPen i Alit1g PH Rl & hg
26 corresponds thereto), O e Tike only has to be arranged on af

least a part ofe¥ef&fe] et 1WIBnET F Iige MKAIRINL $HR0R) (Raras t&piaaers)
one, or two or nore encoder head(s) (an encoder system (neasurenent

device) 9 coafdguread innghydingetbeognmodere headse) hoexedtt ot £§ay Sche
25 nmovenent stage 91, and therefore, a grating (diffraction
movement of the fine movement stage is not blocked by the
tensile force of the wiring or the like.
Further, in the above-described case, a sensor that
measures a positional relation between coarse movement stage
15 91 and the fine movement stage (wafer table WTB) within the
XY plane can be provided further. In this case, as the sensor,
an encoder that includes an encoder head that irradiates a
diffraction grating placed on the fine movement stage with
a measurement beam can be used, as an example. In such a case,
20 based on positional information of wafer stage WST, i.e.
information on the positional relation between scale plate
21 and wafer stage WST within the XY plane, and on measurement
information of the sensor described above, positional
information of the fine movement stage within the XY plane
25 can be obtained with high precision without being affected
by fine movement of the fine movement stage (wafer table WIB),
which is similar to the embodiment above, and hence, it becomes

possible to control the position of the fine movement stage

(coarse/fine movement stage) within the XY plane with high



grating) does not necessarily have to be arranged. Also in such a
case, positional information of wafer stage WST within the XY pl ane
can be neasured with high precision (e.g. hardly affected by air
fluctuations) , based on the output of at %east 40 one encoder head
that irradiates scale plate 21 (diffracti% grating RG placed
external to wafer stage WST (coarse/fine novenent stage) so as to be

substanti al | Yp}?éﬁf‘éis Jtoddgttaplane Wi hb fdies SRRRNENBRYG BBBNE, the

(LB1, LB2) via the 5 light-transmtting section, and receives
diffracted |ightsdefrosms e Rl atearddelidbhftaetiion goatnegtRELayed but
the light-transmtting section. In this case, one, or two or nore
encoder head(sheid8lafeattxed fpatbaysesnprefientbsy agerfigedndn the fine
therefore, even if the fine novenent stage (wafer table WIB) 10 is
driven in anymdiementorstomua.he doarselsovEmamt Shageposiel omowagget the
of the fine novenent stage is not blocked by the tensile force of |
the wiring or d4RELFkEON EIFATHEY 1 PRI b VE- RS diBEGIcER hegposition
sensor that peasures a positio rel ati on _bet ween .coarse_noyv

| .
stage 15 91 WRGHTETPLRITRRTCRBHY® & g8 “CuRRor CIbYd AFS) PRRL AR Y hand
XY pl ane can Qﬁepégxéggddég£££§%dhéﬁo%%hg%ﬁaﬁg’%ﬁg?%€8%5§%§$%ate from

encoder that rrnél udes an énco ead i Tradi ractt on

grating placedyon theddae 1DVeRBN e RGN hapdvaEasr ereph -beam the
can be used, as an exanple. In such a case, 20 based on positional

informati on ofnvefier (st age Wod, etb&diméRt OEPBLIEO0B28NbE hesPOSAE i ghaleast
rel ati on between scale plate 21 and wafer stage WST within the XY
pl ane, and onazEasuvénent sensbar mFiobhef, ttie sensor desorildmsd aklogwecan
positional information of the fine novenment stage within the XY
pl ane be a device other than the encoder, e.g. an interferometer
or the like, and in such a case, the diffraction grating does
not needed to be arranged on the fine movement stage.
Further, also in the case of arranging the
15 light-transmitting section (grating plate 26) and the
diffraction grating (RG2y) on wafer table WIB, which is similar
£to the embodiment above, by, for example, devising a
configuration of the optical system inside main section 22,
a configuration can be employed in which a pair of first
20 measurement beams are irradiated to scale plate 21 and a pair
of diffracted beams from diffraction grating RG that are
derived from each of the first measurement beams, or a pair
of diffracted beams derived fromeach of the pair of diffracted
beams referred to earlier are irradiated, as a pair of second
25 measurement beams, to grating plate 26 {e.g. diffraction
grating RG2y}, and a pair of diffracted beams from diffraction
grating RG2y derived from each of the second measurement beams

are received by a photodetection system, and information

equivalent to the difference between the first positional



25 can be obtained with high precision w thout being affected by
fine novenent of the fine novenent stage (wafer table WIB) , which
is simlar to the enbodi nent above, and hence, it becones possible
to control the position of the fine anenﬁ t stage (coarse/fine
novenent stage) within the XY plane with gh 41 precision.
Incidentally, in the sensor described above, the encoder head can be

arranged on thg fi 0en MDYVETRIY SR08 p@%&tlbﬁ%ldkéiég§5h0@e9£§ibéﬁ dsove
preferably arranged on the fine novenent stage. his case,

posi tion wherestdecputlials taet b@Bp Gt adidigal S)falthanlgledtbaeﬂ@btﬁ.bm éﬁtem.
to the position in the enbodi nent above but can be an arbitrary

posi tion, andorihe serSgumescon bed bboseptapeteiramidndged peparafefiyrst
from the encoders in the enbodi nent above, or a part of the

encoder (s) i nehzurahet negrnabdve taredateddtassrmtieaspelape aZ@afee g.
of the sensor. Further, the sensor described above can be a device

other thar t h&iEhEaaeion grating RALel f ércned@ir of 4 13%Eed Eﬁamﬁrﬁrom
h di ffract t . d d b

on the i ne. MvEhhttLe8Ga T ednEh L ol Cor 1 FS o ERle AP a7 F afGing L Est

the 15 |ight t

di ?fractl Iog gré gﬁ]ﬁ%%%%ﬂﬁcvﬁfqer %be%%ﬁvﬁl%{a |]:%r‘]jgr|lstmB rlved from

the enbodi nenéa@ili’Q%‘?’th@’pafz.Qroﬁ@f@fﬁacg@é{'bﬂd&% a;ef%%féog%aéaenl@f are

the optical systeminside main section 22, a configuration can
enpl oyed in whighidapad) 08 4 igastr 2F @%@@naemeatsubemaﬁtabeams;adm aécea:ile

to scale plate 21 and a pair of diffracted beans fromdiffraction
grating RG thata'teeZldeanded bram edc il idiE talve efd restame afsupre b fraction
beans, or a pair of diffracted beans derived fromeach of the pair
of d|ffractedgratlng RG derived from each of the second measurement beams
are received by a photodeteciion system, and information
equivalent to the difference between the first positional
relation and the second positional relation described above
15 1is output as the output signal of the photodetection system.
The point is that the stage device and the exposure apparatus
should be equipped with a measurement device which has one,
or two or more encoder head(s) that irradiate(s) a first
grating section placed substantially parallel to a
20 predetermined plane (XY plane) and a second grating section
arranged on a fine movement stage with first and second
measurement beams respectively and receive(s) diffracted
lights from each of the first and second grating sections
is/are fixed to a coarse movement stage, and which measures
25 positional information of the fine movement stage within the
predetermined plane based on the output of at least one encoder
head that faces the first and second grating sections,

regardless of the configuration of the optical system inside

the head.



beans referred to earlier are irradiated, as a pair of second 25
measur enent beans, to grating plate 26 (e.g. diffraction grating
R&Y) , and a pair of diffracted beans fromdiffraction grating RQy
derived fromeach of the second neasurenent beans are received by a
phot odet ecti on system and information eﬁﬁivalent to the difference
between the first positional 42 relation and the second positional

rel ation described aﬂpgﬁjﬁﬁﬁaﬂﬂyptgh@sig%ﬂg% ﬁgg-lnﬁailﬁlrgj ddehe

phot odet ecti on system , configuration can be enp In I ch

a pair of firgbasiPasdheNBAEmBCaNBLRE Enbisademéet 0rgeatoNIIP| Bbe Hhve
(e.g. S5 diffraction grating R&Y) , and a pair of diffracted beans

from diffractoobegtlas i segmdRGRCviedri \seth ffer @hagacl2 lokntherétisy plate 26.
measur enent beans, or a pair of diffracted beans derived from each

of the pair offlodefépact&dcdbehys thef epkédatoaras|derther meapnragentdogans
as a pair of second neasurenent beanms, to scale 10 plate 21, and a
pair of di¥fraeteelt Bedifs tor B Hi fHeaserenaxyFf e R G Iflisv @d aftfoil and
each of the secopd neaEU£en§Ht beans are received by a

phot odet ect i oA &SP 8h8 FAformation equival ent to the difference

between the first po%dé%ﬁel”@' inrt—?‘r'lcaf‘%%ng%gg?ng Iéh%ocf%o'%‘itﬂgﬁbhgﬂﬁ‘?%gse has

rel ati on descri bed above i's outpu ut put “signa

phot odet ect i Oﬂeéwe%sehroil%fwﬂ@&eteﬂéocﬁé@_fsyﬁ%m@gfs gaﬁigsﬁa%ér@% pair

exposur e appar at us be equi pped w a measurernen evi ce

whi ch has onegf RIrhéd@sO0EndADAECRENEOELIY heasdds) thatprésadt al®tSitfon is
first grating section placed substantially parallel to a 20

pr edet er rMinednpt abem{ ¥¥dpthaetand Mo se oyt gf iatd gy Sedte arumbsryr anfedhe
on a fine novenent stage with first and second neasurenent beans
respectivel y andodet dicas(ssdoes hbtautetkr in particular, but encoder system

70 should have three encoder heads in total, which include
at least one each of X head and Y head, in order to measure
positional information (including the 6z rotation) of wafer

15 stage WST within the XY plane. Further, instead of the pair
of X heads and the pair of Y heads described zbove, a
two-dimensional head with directions of orthogonal two axes
serving as i1ts measurement directions can be used. In this
case, if at least two two-dimensional heads are provided, then

20 the positional information (including the 0z rotation) of
wafer stage WST within the XY plane can be measured.
Alternatively, a sensor (or a head) that can measure the
positional information in the Z-axis direction can be used
together, or a sensor {(or a head} that can measure the

25 positional information in the X-axis direction and the Y-axis
direction or a senscor (X sensor) with the X-axis direction
serving as its measurement direction, and a sensor (Y sensor)
with the Y-axis direction serving as its measurement direction

can be used in combination. Further, in addition to a main



lights fromeach of the first and second grating sections is/are
fixed to a coarse novenent stage, and which neasures 25 positiona
information of the fine novenent stage within the predeterm ned

pl ane based on the output of at |east one,gncoder head that faces

the first and second grating sections, regardless of the

configuration of the optical systeminside the head. 43

I nci dental |y, skheoir radkakupns0sdt caRooh rirhe geeashy € BNt s H& s backup
t he measurement direction do not have to be the same between scal e
plate 21 and grathegagiraten26r wiMm ewped fboalkhy litheobptlicalkiaxesnsor
of the measurenment beans 5 do not have to be in the sanme axis between
scal e pl ate 2¢raphe lghkst pAgupkater 26. tFaradre whieget A lanpoditeat groups
above, although the case has been descrjibed where encoder system_ 70

i s equi pped wPiEhtBGpQPFn éfﬂn%’ﬁeéﬂ@ BhE Baphrp %?mroﬁe%%i% P%‘Pn‘élded the

present i vent|0£ is 10 not limted theretc%:r More s |cahlé & of
nunber of &BHePnh s Jd?)eeén% SRR %5295 B c& aF S by £88h o
encoder system, .7 Id have three encoder heads in total, which

i nclude at Ieast one eéch of X head and Y head, in order to nmeasur e

posi tional informatigos{hde] udi QECBB@rcszPEHIééHUnéﬁédﬁ%f%he1§o§i@98nal
WET within the XY plane. Further, instéad of the pair of X heads and

the pair of Yiheadmadesarirbad BhOVE on@ of WrelkreRS kafate dieash Wndhy-ax1is
directions of orthogonal two axes serving as its neasurenent
directions cadibectised. ad irhithe Caselisi fliabcteasf taw be used. In this
t wo- di nensi onal heads are provided, then 20 the positional

i nformat iléh (FAgkRudFhgiine @ tb@apmmowlw\é@@@rsbg@ecm W st hional

t he XY plane can be neasured,
information of the fine movement stage in the Z-axis direction

can be obtained, based on first positional information of
coarse movement stage 91 and scale plate 21 and second
positional information of coarse movement stage 91 and the

15 fine movement stage (wafer table WIB) obtained by another
sensor, in the Z-axis direction.

Furthermore, in the embodiment above, the encoder 1is
capable of measuring the positional information in at least
one of the X-axis direction and the Y-axis direction, but this

20 1is not intended to be limiting, and it is also possiblie that
the enceder is capable of measuring the positional information
only in the Z-axis direction.

Further, in the embodiment above, the two-dimensional
diffraction grating is formed on the lower surface of scale

25 plate 21, but this is not intended to be limiting, and an X
grating whose periodic direction is in the X-axis direction
and a Y grating whose periodic direction is in the Y-axis
direction can be formed in combination on the lower surface

of scale plate 21 as far as their arrangement is in accordance



Alternatively, a sensor (or a head) that can neasure the positional
information in the Z-axis direction can be used together, or a
sensor (or a head) that can neasure the 25 positional information in
the X-axis direction and the Y-axis direg%eon or a sensor (X sensor)
with the X-axis direction serving as its asurenent direction, and
a sensor (Y sensor) wth the Y-axis direction serving as its

measur ement dw&%ﬁtﬁk%‘mo%&et%% H5€e Id¥ £RARIMA QRagBUl Tk hovkRent route
addition to a nain sensor, a backup sensor can be arranged t hat

is used for baﬁkuachoﬁehhﬁ.mlﬁrﬁ%@prsm mwtzﬁmwldmﬁgﬁf@d
mai n sensor or the like occurs, or in the case where a plurality of
groups of theomhinisgrspiuaatlithefoacklp pdenssr. ade, priovs dddo phesdble
grating on the fine novenent stage can be shared by each of the
groups. Besi débsatan seadedes onihy phacad sead@tenehsupeseni dialthe encoder
information in at |east _one of the X-axis direction and Y-axis

di recti on 2andPh Pﬁep?r%%%e%%feaﬁ dieastaithse cHPRFUTPNOPRFE 18N c3RE, the

simlar to the EreV|o sl¥ ﬁcrlbed case, positional information of
the fine moveRErE"LER RT#hé%°2:axi s direction can be obtai ned,

based on first posit nf t. st
and scal e pl at ep21 aﬂ;] econdlg(5 pom%m%)nal ﬁﬁ%}?eﬁa%? rga)? %Iiaé"}%?os%re
nmovement staggp éréﬂgs e Pch 'art?réﬂ)é/@lf% optaes1(MWafedm LABIS W B nment

obt ai ned by ano sensor, in the Z-axis direction. Furthernore; in
t he enbodi rrentsyabemearé ftﬂa&l’&ﬂd@brﬂﬁ ceapdle af, rBETErcng Eheie plates

positional information in at |least one of the X-axis direction and
t he Y-axil® di ceotbensepatratailyg 2Dacsdnoéarkntiendedet pebephenytofip, thad
it is also possible that
projection optical system and near (on the periphery of} the
alignment system. In this case, when performing an exposure
operation of wafer W, the position of a wafer stage is measured
with an encoder system by using the scale plate placed near
15 the projection optical system, and when performing wafer
alignment and the like, the position of the wafer stage is
measured with the encoder system by using the scale plate
placed near the alignment system.
Furthermore, in the embodiment above, although the case
20 hasbeenexplained as an example where the wafer interferometer
system is arranged in addition to the encoder system, the wafer
interferometer system does not necessarily have to be
arranged.
Further, in the embodiment above, the case has been
25 described where the light source and the photodetection system
(including the phcotodetector) are placed (at coarse movement
stage 91) external to heads 60A to 60D, and between the light

source and the photodetection system and each of heads 60A

to 60D, lights {measurement lights) from the light source



t he encoder is capable of neasuring the positional information only
in the Z-axis direction. Further, in the enbodi nrent above, the

two-di nensional diffraction grating is formed on the |ower surface
of scale 25 plate 21, but this is not intended to be limting, and
an X grating whose periodic direction is fh the X-axis direction and
a Y grating whose periodic direction is in the Y-axis direction can

be forned in Lnat.i o] o] u ce. S . at e a
far as their %ggg%ggﬁeﬁgeignFﬁsg%cﬁgég%céRQS§laﬁ%ﬁ gﬁgsﬁgégheﬁgagoEPg

of the wafer shaggett H8aBBVERERhe! PHLEOOEc8B8EANNEAEY emFEENBELhSEAL e
pl ate 21 can be configured conbining a plurality of scale plates.

O, it is alsaspagsbptecathaibarscabe ts pady phacedesprébaht invention
measur enent by the encoder 5 can be perforned in at |east the

exposur e oper asi ont aliduiteld tdlsmpiment Fopeeadmphbe, Fur tthher cafser where each
exanple, in the case of an exposure apparatus in which a projection
optical systepngAdeanmedd gatentlighsisomrnce sprhced apanicopducher laser
i ke, different scaIEBFIat s 10 can be separately placed near

I on the
periphery of ) 1PRe9€pFBEEEPF onSBpE E%Fog%tEﬁ?%naxﬂe’%e(%o?ﬁ@e ection
eri phery of) _th al.ignnent syste In, this case,,when rform a
xposure’ opePdrLoR Gr B it RESa T 6 Sr bk LFa % Patfedly
measured wi tBoaﬂeeegadspﬁgsggmxlu%grghe al e, ol e phac et 8 aay
15 the projection optical system and en perform ng wafer

al i gnment  andphbe 4H&@hdthbaeReshliodns 9§t the  Wad BidSIP@8el ShoPBasHEEE )
with the encoder system by using the scale plate placed near the

al i gnmentl®ystasi dEWHdsrar e Ini thiseeodf i labavesowtddaughr theged

case external to the heads, light transmission of measurement
lights from the light source via optical fibers is performed
between the light source and the heads in a similar manner
to the embodiment above.

15 Purther, in the embodiment above, instead of the
respective optical fibers described above, a relay optical
system or another light-transmitting optical system can also
be used. Furthermore, in the embodiment above, although the
case has been explained as an example where the light source

20 and the photodetection system (including the photodetector)
that are optically connected to each of heads 60A to 60D via
optical fibers 26a to 26d are placed at coarse movement stage
91, all of the light source and the photodetection system
(including the photodetector) do not necessarily have to be

25 placed at coarse movement stage 91.

Incidentally, in the embodiment above, the case has
been described where the present invention is applied to the

scanning stepper, but this is not intended to be limiting,

and the present invention can also be applied to a static



20 has been expl ained as an exanple where the wafer interferoneter
systemis arranged in addition to the encoder system the wafer
interferoneter system does not necessarily have to be arranged.
Further, in the enbodi ment above, the case has been 25 described
where the |ight source and the photodetection system (including the
phot odetector) are placed (at coarse novenent stage 91) external to

heads 60A (9 8005800 DLieen,d skl hta (FAUEES. AN LA 4en the stepper,

phot odet ecti on System eads to 60D,

(measurement bi;ghdS3uf1onde dolsaht oh0oHECE é@ag@rarﬁwri&ht Bel 8P§8EEIthat
heads and lights returning fromthe encoder heads to the

phot odet ect i ops Sysii@Btate haidsgtd dednowrsiduephicat ehichelkes , 26@chorence
26d, but the present invention is not limted thereto. For exanple,

in the case whérgosiacien) rercodemaneadrnas aahiseghtbysadrcélsathabsons can
sem conductor |aser inside thereof, each encoder head and the

phot odet ect i e ByEtesal (ﬁ%é‘llw@isﬁgzﬁﬁ@ phidt eldet 2étrdrdkepihg Rave voehethe
optically connected using optical fibers each encoder head may
have the photBﬁ%%Ei:?Po‘ﬁf ?@%em%cmdn%&m% p%%%%%le%%c%%?‘?r ‘?)rome eLy

d h f f th
external fo tHRHEAEC LIRS PRTMLSE: O DR HEsedt Gahee Fegnl'st
the 1ight Soﬁ%fﬁcﬂfoﬁ%ta's%@ o LRET . S, AGKLAY TRduc b pED dheddig hJcth.ch

source and t eads in a simlar nanner e enbodi nent above.

Further, in tBeneaheehiEPtnaR0Y e peggﬁgge%otﬂ%nsr@ﬂogc:kewc@etp&@em
fibers descrlbed above, a relay optical system or another

| i ght -tramgsm ¢htogtept bepbctysiem Bagh ap 8ecibonsedrufulidhering eyrdgent
t he enbodi nent above, although the
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.
Further, the magnification of the projection optical
15 system in the exposure apparatus of the embodiment above 1is
not only a reduction system, but also can be either an equal
magnifying system or a magnifying system, and projection
optical system PL is not only a dioptric system, but also can
be either a catoptric system or a catadioptric system, and
20 in addition, the projected image can be either an inverted
image or an upright image.
Further, illumination light IL is not limited to the
ArF excimer laser light (wavelength: 193nm), but can be an
ultraviolet light such as a KrF excimer laser light
25 (wavelength: 248nm}, or a vacuum ultraviolet light such as
an F; laser light (wavelength: 157nm). As is disclosed in,
for example, U.S. Patent No. 7,023,610, a harmonic wave, which

is obtained by amplifying a single-wavelength laser beam in

the infrared or visible range emitted by a DFB semiconductor



case has been explained as an exanple where the |ight source 20 and
t he photodetecti on system (i ncluding the photodetector) that are
optically connected to each of heads 60A to 60D via optical fibers
26a to 26d are placed at coarse novenent stage 91, all of the |ight
source and the photodetection system (iné?uding t he phot odet ect or)
do not necessarily have to be 25 placed at coarse novenent stage 91

Incidentally, jLa the, efanodi nent, aboyey Lhe;Gase nas; s heen Jescihbad ror
g e S ut

where the preSent invention’is applied to 1 anni ng st épper,

this is not igkended,tarBeuhi Mbti Bech arditReapreseRtriBYEBAL |, 0OBnBaRy
al so be applied to a static 47 exposure apparatuS such as a stepper.
Even with thecsheppeting Bjemrasuliengthhénposulteaveblatstagatonswhych
an object that 1is subject to exposure is nounted using an encoder,
occurrence ofiopbsneeonoptasalenenttely oravaased by asedf| ast vatiions
can 5 be reduced to alnost zero, which is unlike the case when the
position of thétspHgelps Akedbtired using an interferonmeter, and

therefore the position of the stage can he set with hi reci sion,

based on the neasure%%%?h%%1d@%t3%5Fﬁgogﬁ56@§r?gbﬁﬁchlggﬁﬁgﬁaEéHPlglght

nmakes it possibl e transfer a reticle pattern, 10, ont.o the .abjec .

Wt hi gh' pr olPeT bR HATTREe ARESSPELEEE Vo BRCdant Af g A having

applied 10 a LoglipliOngPr RACL 110, S1PAHEE ARPAIGIHS e 3¢ is needless
od” t hat sho

step-and-stitch net synt hesi zes a t area and a shot area.

Further, the pBO®:{itGaid @Re0f : fhHe WP REE QBvERENGRh 148s VUHEMOOAM can
t he exposure apparatus of the enbodi nent above is not only a

reducti ornsysbemisbdt afso eaambee eitierpsesetal nvamghod ytag syss eve
or a magni fying system and projection
applied to an EUV (Extreme Ultraviolet) exposure apparatus
that uses an EUV light in a soft X-ray range (e.g. a wavelength
range from 5 to 15 nm). Besides such an apparatus, the present
invention can alsoc be applied to an exposure apparatus that
15 uses charged particle beams such as an electron beam or an
ion beam. Furthermore, the present invention can also be
applied to a liquid immersion type exposure apparatus in which
the space between a projection optical system and a wafer is
filled with liquid, which is disclosed in, for example, U.S.
20 Patent Application Publication No. 2005/0259234 and the like.
The configuration of each encoder head that is equipped in
wafer stage device 50 of the embodiment above is also suitable
for the liquid immersion type exposure apparatus. Since an
opening formed on the upper surface of wafer table WTB is closed
25 with a grating plate made up of a glass or the like at
substantially the same height as the upper surface of wafer
table WI'B, inconvenience such as liquid leakage hardly occurs

even if the liquid that forms a ligquid immersion area is located

above the head.



optical systemPL is not only a dioptric system but also can be
either a catoptric systemor a catadioptric system and 20 in
addition, the projected i nage can be either an inverted inmage or an
upright inmage. Further, illumnation light IL is not limted to the
ArF excinmer laser |light (wavel ength: 193nﬁ?, but can be an
ultraviolet light such as a KrF excinmer |aser |ight 25 (wavel engt h:

248nm), or a vacuum ¢y oli6f thb%‘rﬁbédi'fxﬁ?ﬁ*é ak%'vé:Z ! @§§ﬁshh9@&ve  type

(wavel ength: 157nm). As is di'sclosed in exanpl e, U S. Patent

No. 7, 023, 6#&8ska(hatienks, WvaMechWsCh ti+5n6Rt ak0ed HyosdPhté ybAgwRich
S|ngle-mavelength Iaser beamin the infrared or visible range

emtted by a DRBErséateonilned arickBc dlaisdrdiorg fddigredragetr, awbhhsa pabesrn
anplifier doped with, for exanple, erbium (or both erbium and
ytteribiunm, and byighdomideniuagichepaaverangth forredd tisavsetet Tnghead
using a nonlinear optical _crystal, can also be used, as vacuum5

ul traviol et IPéh?hlﬁuFFHéFlernh?H@V%ﬁboﬂFnéﬁtdh§6%ésegl%%n1ﬁ%¥|%%ampler

oo g |5 oavirSncPRORKE SnBPPRT 2083257, "2 ShohkFoaries £ b Bl G asatso
to say that t@s}hgghfg bayigge whyslangiiy esp L0er,109001080 10 bage

used. For exanple e presen ion~can al so

EW (Extrenme (Lprayiglet énﬁ@ﬁé%&eépp%f‘t YSambhat Hsﬁﬁnaﬂnﬁﬁ/té&ght
in a soft X-ray range (e.g. a wavel ength range from?5 to

Besi des such pacapparabdDedite )ptRSEAls a itAHRNGE %nnﬁﬁ-nerﬁ-i§@1&@ t@@:@ igslye
to an exposure apparatus that 15 uses charged particle beans such as

an el ectrian beéaspbayateviign (bpami aFEdritdier norelathe) presartlikwerot wnich
can al so be
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, a stage on which
i5 a wafer, a glass plate or the like is mounted is scanned
relative to the variable shaped mask, and therefore the
equiﬁalent effect to the embodiment above can be cbtained by
measuring the position of the stage using an encoder.
Further, as isdisclosed in, for example, International
20 Publication No. 2001/035168, the present invention can also
be applied to an exposure apparatus (lithography system) that
forms line-and-space patterns on wafer W by forming
interference fringes on wafer W.
Moreover, the present invention can also be applied to
25 an exposure apparatus that synthesizes two reticle patterns
on a wafer via a projection optical system and almost
simultaneously performs double exposure of one shot area on

the wafer by one scanning exposure, as is disclosed in, for

example, U.S. Patent No. 6,611, 316.



applied to a liquid i mrersion type exposure apparatus in which the
space between a projection optical systemand a wafer is filled with
liquid, which is disclosed in, for exanple, U S. 20 Patent
Application Publication No. 2005/0259234 Sgd the like. The
configuration of each encoder head that iS5 equipped in wafer stage
device 50 of the enbodi mrent above is also suitable for the liquid

I mrersi on type expospy £ idPparat béépaﬁa@ﬁ@ 2kt 2BeALNY phetERd O Anhsbiect
upper surface of wafer table WIBis closed 25 with a grating plate

made up of a gkasst Qintited teral expybsairanippd tyc i l15amdreptht sastem)
t he upper surface of wafer table WB, inconvenience such as |iquid

| eakage har dl geecctbsd prenidodsihe dridqiibd ¢hahpier nthaplregend invention
imersion area is |ocated above the head. 49 Further, in the

enbodi ment abewg, aaserhasavebie? Ty @ merlayatars ¢het, f@inshai pagtern on
transm ssive substrate on which a predetermned |ight shielding
pattern (dﬁ a2Bhg8depat PEr An 6Pka3PEgﬁF thPfenuati on pattern) is

f d, d. | d,5 of ticl di scl d

o For exanple, U SOPTRING, o Ao O %“E%Jrcé&t%"?ﬁét‘fra%%ﬁ?ﬁ?fﬁ% be

I's also Call e a I?QJ e&ﬁ@gﬁ %kto f@ : O §H1ehg§%§'beam
C taI

gener at or, inc exa crom rror

Devi ce) that h§ @r&ﬁ@@a@&d? Hntﬁg‘éﬁb881ﬁ¥9€ hHBQ@ léongtspiﬁ¥ted to a
device (spatial |ight nodul ato or the like) whi ¢

| i ght-transm {/kifag, ppiteesan Ber@ﬁbEEErOBb@@bteéﬁchOésaQ g@ﬁbéSante, a
pattern is fornmed according to electronic data of the pattern that

is to be ldxposedanan alibetbhetesed. fimmtmembeaseonfau&hag bllehka
variabl e shaped mask, a stage on which 15 a wafer, a glass plate or

the like is mounted Tlge scgnpddhe exposure apparatus is not limited to the

exposure apparatus for manufacturing semiconductor devices,
but the present invention can also be widely applied, for
example, to an exposure apparatus for liquid crystal display
15 devices that transfers a liquid crystal display device pattern
onto a rectangular glass plate, and an exposure apparatus for
producing organic ELs, thin-film magnetic heads, imaging
devices (such as CCDs), micromachines, DNA chips, and the 1like.
Further, the present invention can be applied not only to an
20 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
substrate, a silicon wafer or the like to produce a reticle
or a mask used in a 1light exposure apparatus, an EUV exposure
25 apparatus, an X-ray exposure apparatus, an electron-beam
exposure apparatus, and the like.
Incidentally, the stage device of the present invention
can be applied not only to the exposure apparatus, kut can

also be applied widely to other substrate processing



relative to the variable shaped mask, and therefore the equival ent
effect to the enbodi nent above can be obtai ned by neasuring the
position of the stage using an encoder. Further, as is disclosed in,
for exanple, International 20 Publlcatlo No. 2001/035168 t he
present invention can also be applied to %n exposur e apparat us
(l'ithography system) that forms |ine-and-space patterns on wafer W

by formng i nh@FB@éQﬁ@@sf [ ENERSa8Na ek 86 r We i £ONBhariPEs Pre&seMbstrate
invention can also be applied to 25 an exposure apparatus that

synt hesi zes twaspettitbr pabpiestss and ahwafigrkali,aca poopaCcapEaAraptEcahch
system and al nost sinul taneously perforns doubl e exposure of one

shot area on ashe pwefidrldoy senéingamppage exposlresample odiasvliosedonding
for exanple, U S. Patent No. 6,611,316. 50 Further, an apparatus

that forns a BEPPéPhuénlﬁnOBBFécPr?§lﬁb?nImﬁﬂbéﬁeﬁo t he exposur e

el e, the present TrsH %?11 i TP G Satlies HF dpparis
thaf[ forms a ngﬁ.fégt%} q.ﬁclz%cépt&!, ﬁﬂ:éﬂ{( 11.8 naﬂa%ﬁ%(ilgazzlons , and

I nci dental | y, “an~obj éc ern 7% 1 orme

obj ect subj ecky, &819589%96§st8f"“6'218hUa§ e@ﬂ@ﬂt?ﬁ@%iléétiéﬁaﬁﬁﬁifgﬁti&s

t he enbodi nent above is not limted to a wafe ut can be anot her

obj ect such asna ghass. P! abeents tHa€es A8 & SADST @he, dastih pr mBAbSEove
or a mask bl ank. The use of the exposure apparatus is not limted to

the exposureangpacastusdfos arpufacetusppgrseusesndndt ohedevkeesre bath
the present invention can also be wdely applied, for exanple, to an
exposur e dppatacaspovatedquedetnylyatefiésphay-

Incidentally, semiconductor devices are manufactured
through the following steps: a step where the
function/performance design of a device is performed, a step
where a reticle is manufactured based on this design step:;

15 a step where a wafer is manufactured from silicon materials;
a lithography step where a pattern formed on the mask is
transferred onto an object such as the wafer by the exposure
apparatus of the embodiment above; a development step where
the exposed wafer (object) is developed; an etching step where

20 an exposed member of an area other than the area where resist
remains is removed by etching; a resist removing step where
the resist that is no longer necessary when the etching is
completed is removed; a device assembly step (including a
dicing process, a bonding process, and a packaging process);

25 an inspection step; and the like. 1In this case, since the
exposure apparatus of the embodiment above is used in the
lithography step, the devices with high integration can be

manufactured with good yield.



15 devices that transfers a liquid crystal display device pattern

onto a rectangul ar glass plate, and an exposure apparatus for

produci ng organic ELs, thin-filmmagnetic heads, imging devices
(such asCCDs), m cronachi nes, DNA chi ps, g?d the like. Further, the
present invention can be applied not only"to an 20 exposure appar at us
for producing m crodevices such as sem conductor devices, but can

al so be appli efiphfsBRT ﬁgoggbga@ﬁggw that transfers a circuit
pattern onto a gl ass strate, a silicon wafer or the like to
produce a reticle omlsaiBBedKsesEsed Rbbid,gJiheexpagardappanaldisheadtage
EUV exposure 25 apparatus, an X-ray exposure apparatus, an

el ectron- beamirexposwtdcappaf atte, pneséede linkenthoo demnt ablytabile for
stage device of the present invention can be applied not only to the
exposure appafertsolbingcte rResid i afpli ddngi wevgmedtoshege with high
substrate proce55|ng 51 apparatuses (such as_a | aser Zﬁgglr

apparatus,” a 3aB4tRa¥e THIPECH ditapifratiss s EdRa e i ar%ﬁuﬁcpéithe
t h t it t
bondi ng. appabsraenf nEBTRRFSP oS s FOACARCR A6, TETTICCadnER Y P2k gt 2n
b di scl |
Fnternat s onal CRUET b atiiraiEs 08 LARS i o bpASLUL A Expospyze pethos
Appl i cation Pubhigat 'd%%ceaﬂgnﬁhgcymglng%@ﬂgéd tdyat nar gresbed iﬁwé:h@lon

description above and related to exposure apparatuses and the |ik

are each 10 insanpicd=ailed her ahRAub)ctetengneeect Neh dRnRtialdsyy and the llke
sem conduct or devices are manufactured through the follow ng steps:
a step Widre $heh Eenctemimopeidodoma ey idess gandf lagdéedi ceryvissal display
perfornmed, a ste

devices.



where a reticle is manufactured based on this design step; 15 a step
where a wafer is manufactured fromsilicon materials; a |ithography
step where a pattern forned on the mask is transferred onto an

obj ect such as the wafer by the exposure ppar atus of the enbodi nent
above; a devel opnent step where the expoggd waf er (object) is

devel oped; an etching step where 20 an exposed nenber of an area

ot her than the area where resi st remald?m[ $1g enoved by etching; a
resist renoving step where the resist t I's no | onger necessary

when the etching is conpleted is renoved; a device assenbly step
(including a dicing process, a bonding process, and a packagi ng
process) 25 an inspbctiknstﬂgﬁ)d&mﬁt&iﬁﬁdmp«isﬂngtlﬂ S case, since the
exposure apparatus of the enbodi nent above is used in the

| i t hography step, ta&cgarieddsngimevemeht sheegriat¢biliyhawarse movement
manuf actured with good yield. 52 | NDUSTRI AL APPL| CABILITY As is

descri bed %bo?@ag?hé:hé‘ttad%o\bee%l 8&OBHd & @%Q%Q%rmjd??‘é/epﬁ@{lﬁo&nﬁgf § pgine

| | f
present | nvent aoare, SULLERIE.T 0 (So0NL L0041 DO L0081 nBemerc

formation appgggbgs gf,gthe present invention is SU|tabIe for form ng
a pattern on an -objéct. Further, the exposure apparatus, the

exposure nethod ang fdies devide: RAUIRCEURL NG, SRINaS fadihechBeseRtnged
invention are suitable for manufacturing electron devices and the

| i ke 10 such as s€ié cavdicieor mdeemeas asthdé guighdr yr@taahrésspﬂ:ayltlonal
devices. 53 CLAI M

10 information of the fine movement stage in a predetermined

direction, based on first positional information obtained by

irradiating a first grating section placed external to the

coarse/fine movement stage so as to be substantially parallel

to the predetermined plane with a first measurement beam and

15 receiving a diffracted light from the first grating section

and on second positional information that 1is relative

positional information between the coarse movement stage and

the fine movement stage.

20 2. The stage device according to claim 1, wherein
the measurement device includes a sensor different from
the encoder head, and the second positional information
between the coarse movement stage and the fine movement stage
is acquired with the sensor.
25
3. The stage device according to claim 1, wherein
the measurement device acguires the second positional
information between the coarse movement stage and the fine

movement stage with the encoder head.



1. A stage device, conprising: a coarse/fine novenent stage including
a coarse novenent 5 stage that noves along a predeterm ned pl ane and
a fine novenent stage that is finely novable on the coarse novenent
stage; and a neasurenent device that has an encoder head arranged on
t he coarse novenent stage, and neasures pé%itional 10 informati on of
the fine novenent stage in a predeterm ned direction, based on first
positional information obtained by irradiating a first grating
section placed external to the coarse/fine novenent stage so as to

be substantially pasal ITle dtnddeidriefetpidinethlanemim B fudstein
measur enent beam and 15 receiving a diffracted light fromthe first
grating section antdhenmsesongnposi ie¢ohat obtatnmattba sbavndspositional
relative positional information between the coarse novenent stage

and the fineinbdvemehtostlayea r2QlizatiTige assagendayatelrar secdilng tvranged
claim1l, wherein the neasurenent device includes a sensor different
from the ®nceleihddddie BRICTRELSTRIIR Widdt Bi BRGPLE MiTHatent peam and
bet ween the coarse novenent. _stage nmovenent st

dt fi i )
et rod wit noRhe IRy e s A ot Sl e TSR e B0 b on,
1, wherein tg§ Hggﬁgrgggngngggggehggguires t he second positional
ween

i nformation be hé coarse novenenf stage and the fine novenent
stage with the encoder head. 54 4. The stage device according to
claim 3, wherein the neasurenent device obtains the second

posi tional 5. A stage device, comprising:

10 a coarse/fine movement stage including a coarse movement
stage that moves along a predetermined piane and a fine
movement stage that is finely movable on the coarse movement
stage; and

a measurement device that has an encoder head arranged

15 on the coarse movement stage, and measures positional
information of the fine movement stage in a predetermined
direction by irradiating a first grating section placed
external to the coarse/fine movement stage so as to be
substantially parallel to the predetermined plane and a second

20 grating section placed on the fine movement stage with a first
measurement beam and a second measurement beam, respectively,
and receiving diffracted lights from the first and second

grating sections.

25 6. The stage device according to any one of claims 1
to 5, wherein

the measurement device irradiates the first grating

section with the first measurement beam via a

light-transmitting section arranged on the fine movement



information by irradiating a second grating section arranged 5 on

the fine novenent stage with a second neasurenent beam and receiving
a diffracted light fromthe second grating section, by using the
encoder head. 5. A stage device, conprising: 10 a coarse/fine

novenent stage including a coarse movenent stage that noves along a
predeterm ned plane and a fine novenent stage that is finely novable
on the coarsesggggnent stage; and a neasurenent device that has an
encoder head arranged 15 on the coarse novenent stage, and neasures
positional information of the fine novenment stage in a predeterm ned
direction by irradiating a first grating section placed external to

t he coarse/fine novenemhestsageesdead cko abeorsiibst ant ball gnpacél tehime 1
the predeterm ned plane and a second 20 grating section placed on the
fine novenent tet Ggewhetrdia first neasurenent beam and a second

measur enent beam respectively, and receiving diffracted lights from
the first %and seconehe FeRAsUAGIeEct ABHECE IR UrRePeFadd ogay srformation
according to agy one ,of cl ai nms in the asur

. to 5,, wh t
ovice |1 adi AF 6% FaTF FOTSRRaFi SRATS A Pon s Th TIeORFPEELoR parallel

measurenent b via a_ . light-transpmiiting section arranged on the
fine nnvenentgggkhgtgagqe%gr%ﬁ%egtggéﬁéévice according to any one of
claimte 1 to 6, wherein 5 the neasurenent device neasures positional

i nformation
8. The stage device according to any one of claims 1

10 to 7, wherein
the measurement device has a plurality of the encoder
heads placed at different positions on the coarse movement
stage, and measures positional information of the fine
movement stage in at least directions of three degrees of

15 freedom within the predetermined plane.

9. A stage device, comprising:
a coarse/fine movement stage including a coarse movement
stage that moves along a predetermined plane and a fine
20 movement stage that is finely movable on the coarse movement
stage and has a light-transmitting section in at least a part
thereof; and
a measurement device that has one encoder head or two
or more encoder heads fixed to the coarse movement stage, and
25 measures positional information of the coarse/fine movement
stage within the predetermined plane based on an output of
at least one of the encoder heads that irradiates a first
grating section placed external to the coarse/fine movement

stage so as to be substantially parallel to the predetermined



of the fine novenent stage in at |east one direction parallel to the
predeterm ned plane. 8. The stage device according to any one of
clains 1 10 to 7, wherein the neasurenent device has a plurality of

t he encoder heads placed at different positions on the coarse
novenent stage, and neasures positional ?%fornation of the fine
novenent stage in at |east directions of three degrees of 15 freedom

wi thin the prggef ersiped lerf'?s‘Eel'F %suféﬁéﬁ@%e@%%f@th%oi‘fﬁﬂ’éi%nﬁnitting

. e
coarse/ fine novenent st age 1 ncluding a coarse novenent st age t hat

nmoves al ong asp¢edsh eamunestol ane aalidk & fd el 1 20h Tetekeihe $tiage dhating
is finely novable on the coarse novenent stage and has a

i ght-transm sé¢ctposeeia orhée nlaghteasinanparingtbeceodn. and a

measur enent device that has one encoder head or two or nore encoder
heads fixed to the coarse novenent stage, and 25 nmeasures positional
information of the coarse/fine novenment stage within the ,

pr edet er nioned pl anel basé@coftafcotepite Accardinasio o5¢ 6F thaims 6 and
encoder heads_that irradiates a first grating section placed

external to the @%%F%%?fine novement stage so as to be substantially

para | el to the predghghdhngg 39 tifl colt8.hl ol %}g:?gﬁﬁ%{féﬂt

via the light-transnmtting i on, recerves a di

fromthe firstogralbng oS8Rkl O8aVid iR rdrdntthEaNSamd R0 £ $RE M ement
10. The stage device according to one of clains™6 and 9, wherein a
plurality of ghggemeedere haads -antfdmied it deEteh8Mn an area that faces

10 each of the plurality of the encoder heads.

11. The stage device according to claim 10, wherein
on the fine movement stage, a second grating section is
arranged at a position that faces each of the plurality of
15 the encoder heads,
each of the plurality of the encoder heads irradiates
the second grating section that faces each of the encoder heads
with a second measurement beam and receives also a diffracted
light from the second grating section, and
20 the measurement device measures positional information
of the fine movement stage within the predetermined plane based

on an output of at least one of the encoder heads.

12. The stage device according to one of claims 5 and
25 11, wherein
the first measurement beam and the second measurement

beam are light beams generated from a same light source.

13. The stage device according to claim 12, wherein



positions on the coarse novenent stage, and the fine novenment stage
has the light-transmtting section in an area that faces 10 each of
the plurality of the encoder heads. 11. The stage device according to
claim 10, wherein on the fine novenent stage, a second grating
section is arranged at a position that faées each of the plurality
of 15 the encoder heads, each of the plurality of the encoder heads

irradiates the second @ralinghSACYAN healnl aEes eaeh Rl dheeReaieng

heads w th a second nmeasur enen eam and recei ves ract ed

l'ight from t hepgeconthOhehbngeRgst iRin AHdeA@rhhedmAsUEeRBRE ngeM T&ast
measures positional information of the fine novenent stage wthin

t he predetermanedrpl afe dasetrrodced PotpUviehiat theasdnaydeofhdéd®, the
encoder heads. 12. The stage device according to one of clains 5 and

25 11, wherei diffieattedt baeasbeéngntiibéaartad ahetkecgndtipasseeheon to
beam are |ight beans generated froma sane |light source. 13. The
stage devite HB&éehdthg péheramarsprefABEebAan7CcOsABSABASEF enent beam

of the first measurenment beam and the second neasurenent beamis
generated by extracting at least a part of a diffracted beamw thin

t he encoder head, t .ffracted beambeing diffracted at t .
grating section to Pg-mﬁﬁE%S?ﬁgeo?ﬁg%cﬁé§§ﬁgégﬂﬁitﬁé%ﬂVd%@?é%ﬁS%&%WS 1
14. The stage, eghcewﬁgggﬁging to any one of clainms 11 to 13,

wherein each o é plurali'ty of the encoder heads irradiates 10 the

first and second grahtRg#6oid g1l f bE ftheSbndBde$€ROREs irradiates
10 the first and second grating sections with the first and second
measurement beams respectively, along optical paths that

share a predetermined center axis perpendicular to the first

grating section.

15 15. The stage device according to any one of claims 11
to 14, wherein

the measurement device computes a first positional

relation between the coarse movement stage and the first

grating section in a measurement direction parallel to the

20 predetermined plane and a second positional relation between

the coarse movement stage and the second grating section in

the measurement direction based on an output from each of the

plurality of the encoder heads, and also computes a positional

relation between the fine movement stage and the first grating

25 section in the measurement direction based on the first and

second positional relations.

16. The stage device according to any one of claims 8

and 11 to 15, wherein



measur enent beans respectively, along optical paths that share a
predeterm ned center axis perpendicular to the first grating
section. 15 15. The stage device according to any one of clains 11
to 14, wherein the neasurenent device conputes a first positiona
rel ati on between the coarse novenent stage®and the first grating
section in a neasurenent direction parallel to the 20 predeterm ned

plane and a second pesi ti00ako¢ehaht 00: BEL WPEnolhE1 CORK SEnMYEMBAL 1 on

st age and the secon grating section In t he neasur enent Irection

based on an ogtpdtihiram.eashrakpthe Bl Whal phrdetethenencpdgheheads,
and al so conmputes a positional relation between the fine novenent

stage and the firsttpeaiddgZdmaecided dencbbhecteasamemmniraiargacer@dr of
based on the first and second positional relations. 16. The stage

devi ce accordihg encadgroneadftivdfaiis Bedddrlhebsutmemiepéi pod8tional
the fine novenent stage is novable in an inclination direction with
respect to théngpeaatépn vledhs hhee noienariesfadsur e mMeageyiegent error
corrects a neasurenent error of _the encoder Beag,that is used for
measur enent oPSpBgi CRYASE BYi nR6LABEFOAT 0PIt RBST FABSBISRBART CsEhgES -

t he neasurenent error being caused by inclination of the fine

novenent stage. 17. The stage device according to any one of clains

8 and 10 to 16, whesei mnl0 Jhe f 4G FRVENEDEq$ha9€o ! $n $¢dc0LiRs 8
a the

menber having a rectangular shape in a planar view, arnd encoder
heads are regpgctivebyi1pl aggadratnpositions on the coarse novenent

10 the fine movement stage is composed of a member having
a rectangular shape in a planar view, and the encocder heads
are respectively placed at positions on the coarse movement
stage that correspond to four corner portions of the fine
movement stage.

15

18. The stage device according to any one of claims i0
to 17, wherein

the measurement device corrects a measurement error of
the encoder head that i1s used for measurement of positional

20 information of the coarse/fine movement stage, the
measurement error being caused by inclination of the coarse

movement stage with respect to the predetermined plane.

19. The stage device according to one of claims 9 and

25 10, further comprising:
a sensor that measures a positional relation between the
coarse movement stage and the fine movement stage within the

predetermined plane.



stage that correspond to four corner portions of the fine novenent
stage. 15 18. The stage device according to any one of clains 10 to
17, wherein the neasurenent device corrects a neasurenent error of

t he encoder head that is used for neasurenent of positional 20
information of the coarse/fine novenent s?%ge, t he neasurenent error
bei ng caused by inclination of the coarse novenent stage with

respect to the pre er myne l.an :19. j cgcor di

to one of clains 9q§%6 ﬁ?% %ggg%ug?ﬁé%gc%%%§f§%n ?Kg%ggﬁggg ? a?iQQms !
measures a poghtignalhgetahi on between the coarse novenment stage and
the fine novenent stage within the predeterm ned plane. 59 20. The
stage device accordilig fOranygodei 0d et ion lindbudds aheretdimdesional
first grating section includes a two-dinensional grating that covers
a novenent raggetdhgt ibatoarsedfs ne mbveneerentangagef Zhe Theastageine
device according to any one of clains 1 to 20, wherein the fine
nmovenent st ag@ovemenppdE@@d-by the coarse 10 novenent stage in a
noncont act manner. 22. A pattern formation apparatus that forns a
pattern on an object, the apparatus conprising: the stage device

ﬁgﬁg{ghngnt?hgngiggf%gc k%%%%gégégvgéé aégoégiﬁglégaﬁgpo%glS%tcigims 1
to 20, wherein

the fine movement stage is supported by the coarse

10 movement stage in a noncontact manner.

22. A pattern formation apparatus that forms a pattern
on an object, the apparatus comprising:
the stage device according to any one of claims 1 to 21,
15 in which the object is mounted on the fine movement stage;
and
a patterning device that generates a pattern on the

object mounted on the fine movement stage.

20 23. The pattern formation apparatus according to claim
22, whereiln
the object has a sensitive layer, and the patterning
device generates the pattern on the object by exposing the
sensitive layer with irradiation of an energy beam.
25
24, BAn exposure apparatus that forms a pattern on an
object with irradiation of an energy beam, the apparatus
comprising:

the stage device according to any one of claims 1 to 21,



and a patterning device that generates a pattern on the object
mounted on the fine novenment stage. 20 23. The pattern formation
apparatus according to claim 22, wherein the object has a sensitive
| ayer, and the patterning device generates the pattern on the object
by exposing the sensitive |ayer with irréﬁiation of an energy beam
25 24. An exposure apparatus that fornms a pattern on an object with

irradiation OEnthgﬁﬁrQhebéﬁﬁbckhﬁsaﬂBﬁﬁﬂéﬂsonCEHErE§h89mo%QﬁeﬁEaQ€age,
device according to any one of clains 21, 60 1n which

object is nmouakhgd on the fine novenent stage, and a patternlng

device that irradiates the object nounted on the fine novenent stage
with the energy beampdciZ2rnihgewviearahatact badbhgteetticd object mounted
conprising: exposing an object using the exposure apparatus

accordi ng to ehaithe24ingnaodevehtpshgoeheiob) ébe ehargkabebren

exposed. 10 26. A stage drive nmethod of driving a coarse/fine

novenment §iage that has a coarse novenent stage that noves along a

predster i ned pl anepand 2 LA TRURIEALL 208, LAl od o LLfSl Vo TRYA0!
exposing an object using the exposure apparatus
according to claim 24; and
developing the object that has been exposed.
10
26. A stage drive method of driving a coarse/fine
movement stage that has a coarse movement stage that moves
along a predetermined plane and a fine movement stage that
is finely movable on the coarse movement stage, the method
15 comprising:
measuring positional information of the fine movement
stage in a predetermined direction, based on first positional
information cbhbtained from an cutput of an encoder head arranged
on the coarse movement stage that irradiates a first grating
20 section placed external to the coarse/fine movement stage so
as to be substantially parallel to the predetermined plane
with a first measurement beam and receives a diffracted light
from the first grating section, and on second positional
information that is relative positional infcrmation between

25 the coarse movement stage and the fine movement stage.

27. The stage drive method according to claim 26,
wherein

in the measuring, the second positional information



measuring positional information of the fine novenent stage in a
predeterm ned direction, based on first positional information
obt ai ned from an out put of an encoder head arranged on the coarse
novenent stage that irradiates a first grating 20 section placed
external to the coarse/fine novenent stag@lso as to be substantially
parallel to the predetermned plane wth a first measurenment beam

and recei ves Begkfegfxaﬁ?@@olairglé?mo{rélﬁg%ﬁ he ddd shadf Rl I NG SEELERARNta8age

on second positiona nformation t is relative positional

information betweehu2belih@i€RaE SEcABYENBIEFSEAGE ARGt Pigeféfi€oder head.
novenent stage. 27. The stage drive nethod according to claim 26,

wherein in the neasuring, the second positional information 61

bet ween the coarse novenent stage and the fine novenent stage 1is
acquired with a send®dr drhéeséagef rdbmyshenevodiercheadings toThal sitmges,
drive method according to claim26, 5 wherein in the nmeasuring, the
second positi BAGFSiRformati on between the coarse novenent stage and

the fine novenent stage is acquired with the encoder_head. 10_29.
The stage drive neth%dtgﬁcﬁ?aﬁﬂﬁlpg'cF em%ﬁﬁondbﬁﬂiﬁq?qqéheh%%%@?atlon

head obtalns Lhe, sgqad BasiLLORGLoLAL QLVIRL QYL (480 ALLA0LA: stage

second grating section arrange A novenent stage W

second neasur epent heasyapdid5:recehvbigrandiffracted light fromthe
second grating SEC?IOH. 30. A stage drive nmethod of driving a

coarse/fine novenent stage that has a coarse novenent stage that
nmoves
10 29. The stage drive method according to claim 28,

wherein

the encoder head obtains the second positional
information by irradiating a second grating section arranged
on the fine movement stage with a second measurement beam and

15 receiving a diffracted light from the second grating section.

30. A stage drive method of driving a coarse/fine
movement stage that has a coarse movement stage that moves
along a predetermined plane and a fine movement stage that

20 is finely movable on the coarse movement stage, the method
comprising:

measuring positional information of the fine movement
stage in a predetermined direction, based on an cutput of an
encoder head arranged on the coarse movement stage that

25 dirradiates a first grating section placed external to the
coarse/fine movement stage so as to be substantially parallel
to the predetermined plane and a second grating section placed
on the fine movement stage with a first measurement beam and

a second measurement beam, respectively, and receives



along a predeterm ned plane and a fine novenent stage that 20 is
finely novabl e on the coarse novenent stage, the nmethod conprising:
measuring positional information of the fine novenent stage in a
predet erm ned direction, based on an outpga of an encoder head
arranged on the coarse novenent stage that<25 irradiates a first
grating section placed external to the coarse/fine novenent stage so

as to be Subsaw&a&kxdpﬁ@{wIfro}n%ﬁgefﬁsecdshergam @&%r&&n@nge@tlons

second grating section placed on the fine novenent stage wt

first neasurenment beam and a second neasurenent beam respectlvely,
and receives 62 diffracted lights fromthe first and second grating
sections. 31. The sBage The¢ vetagthddiamecordihed tocaryliowe taf arct admes of
26 to 30, wherein 5 the encoder head irradiates the first grating
section withclhémgéi 26t taed8ureheneibeamvia a light-transmitting

section arranged on the fine nmovenent stage. 32. The stage drive
net hod accor di ng tdt%%ye%ﬁﬁﬂ%ﬁ hegyl dirgiadd 0@ dhe1 L1RgEr 8FATLRT HRCtion

, f t th
Moot ond Praekhonte. qoséﬁmm%g%'%%em%?id%?aw&@d et 20 Syl ring

15 33. The Sté@ﬁt%' V% O%Q%ﬁ 85 Phe é‘%m%% Qb 5q6l @i ms 26 to

32, wherein a plurali e enco arée placed at different
posi tions on the coarse novenent stage, and in the measuri ng,
positional information of the fine 20 novenent stage in at |east

directions of three3zlegrees etage drive method according to any one of
10 claims 26 to 31, wherein

in the measuring, positional information of the fine

movement stage in at least one direction parallel to the

predetermined plane is measured.

15 33. The stage drive method according to any one of
claims 26 to 32, wherein
a plurality of the encoder heads are placed at different
positions on the coarse movement stage, and
in the measuring, positional information of the fine
20 movement stage in at least directions of three degrees of

freedom within the predetermined plane is measured.

34, A stage drive method of driving a coarse/fine

movement stage that has a coarse movement stage that moves

25 along a predetermined plane and a fine movement stage that

is finely movable on the coarse movement stage, the method
comprising:

measuring positional information of the coarse/fine

movement stage within the predetermined plane, based on an



freedomwi thin the predeterm ned plane is neasured. 34. A stage drive
met hod of driving a coarse/fine novenent stage that has a coarse
novenent stage that noves 25 along a predeterm ned plane and a fine
novenent stage that is finely novable on the coarse novenent stage,
the nethod conprising: nmeasuring positioﬁal i nformation of the
coarse/fine novenent stage within the predeterm ned pl ane, based on

an 63 OUtpUt08%83£ Leagt Bﬁﬁgg 5 f%h%?ﬁ%%tkﬁﬁﬂ‘%QB%QaBBﬁﬁgﬁﬁngﬁcoder

head or two or re encoder i xe e coarse nove

stage, which hehadi a2 drfidied cabatbRhSLES ik agethe @¥hekRIotEment
t he coarse/fine novenent stage so as to be 5 substantially parall el

to the predetetaygsed yHiadte wrirhdaatessta meastr egesat ibheamedtdoa placed
light-transmitting section of the fine novenent stage and receives a
diffracted |ightetnein the thestcoagesat/ifigesentvement asthge so as to be
light-transmtting section; and driving the coarse/fine novenent .
stage based ofUPREantpapsyirgsrdie] ke Profdeberiheed garde Fikle @ first

novenment stage that has been neasured. 35. The stage drive nethod
according to @Fﬁ?HF?@?ntﬂﬁ%¥%Wﬁafﬁ%&%$§ﬁ§£%W%W%ﬁt S@ﬁtbaﬁﬁxaégﬁsflne

are fixed to different osi_tion n_the novement . s e, .angd.
The 11 ne. movelRiPReEl P e b P v St SREertay SLORF g eps Fhrst
area that fac hsofriBe Phurahbty;ghelhe gopofer nheads,i8AY LAq
t he neasuring§§?ﬁgﬁgo§?%Fo§al #nfornat%gn o? ?ﬁe gg Egarggf%?né -
novenment stage w t hipitiegptrdetenisped: pbanR viemenfeaiyRd hasad O the
an out put of at |east one encoder head

10 positional information of the coarse/fine movement stage that

has been measured.

35. The stage drive method according to claim 34,
wherein
15 a plurality of the encoder heads are fixed to different

positions on the coarse movement stage, and the fine movement

stage has the light-transmitting section in an area that faces
each of the plurality of the encoder heads, and

in the measuring, the positional information of the

20 coarse/fine movement stage within the predetermined plane is

measured based on an output of at least one encoder head

selected from the plurality of the encoder heads.

36. The stage drive method according to claim 35,
25 wherein
on the fine movement stage, a second grating section is
arranged at a position that faces each of the plurality of
the encoder heads,

in the measuring, positional information of the fine



selected fromthe plurality of the encoder heads. 36. The stage drive
met hod according to claim35, 25 wherein on the fine novenent stage,
a second grating section is arranged at a position that faces each
of the plurality of the encoder heads, in the neasuring, positional
information of the fine 64 novenent stag@4mjthin t he predeterm ned
pl ane i s neasured, based on an output of at |east one of the encoder

heads that | %Qgﬁéhﬁss%@ﬁ%sﬁ%ﬂgn%ﬁéi ﬁgeééEék@ﬂné@aﬁléﬁé%s tR€asured,

encoder head with a seco measur enent” beam and receives also a 5

diffracted |ipghtelromdheerandrorat i 8gscesis o tardehbotBe HebhdENghat
t he coarse/fine novenent stage is driven, also taking into

consi der ati onikbhedpesetionalsdarrmr patitdngotect benfiher Maverenhhesé¢dgeder
t hat has been neasured. 10 37. The stage drive nmethod according to

one of clainshe3d addh36; ewerednmehsufriensn trdzean eae@t rbegavand e a
second neasurenment beam are |ight beans generated froma same Iight
source. 15 3g8iffrackedgeélapfvEraBt hbe aceerdi Agaténel afrtaen, an

\Mmrmr1onermamﬂeneﬁ%b amof the first surenent beam and, the.
second measurenent bR&MS S HEHRY att %9a%§$?§%??ﬂﬁvgpqnga§ a9Q 159t 1ven,

oei ool 1 Pt 8858 MHN Dk ol A8 BRARMSE: BRA0he TS Y S § AELEALRERN o

being diffrac I Ag section

Teasur ement beam oRL eRBODAENt 39t agher 8L a0Radr bUEnREROG aGC0T ding to
any one of <clains 36 to , Wherefn
10 37. The stage drive method according to one of claims
30 and 36, whereiln
the first measurement beam and the second measurement

beam are light beams generated from a same light source.

i5 38. The stage drive method according to claim 37,
wherein

one measurement beam of the first measurement beam and

the second measurement beam is generated by extracting at least

a part of a diffracted beam within the encoder head, the

20 diffracted beam being diffracted at the grating section to

which the other measurement beam corresponds.

39. The stage drive method according to any one of

claims 36 to 38, wherein
25 in the measuring, a first positional relation between
the coarse movement stage and the first grating section in
a measurement direction parallel to the predetermined plane
and a second positional relation between the coarse movement

stage and the second grating section in the measurement



25 in the measuring, a first positional relation between the coarse
novenent stage and the first grating section in a neasurenent
direction parallel to the predeterm ned plane and a second
positional relation between the coarse novenent stage and the second
grating section in the neasurenent 65 diPéction are conputed based
on an output fromeach of the plurality of the encoder heads, and

al so a positignalktehatbog BEEE%%B bAgel B URVEUEpht SERER égghteg the
In the b

. . C
first grating section h asur enent Ilrection I s conpute ased

on the first piardise¢andpesiddismad nealiat,i ong 2140 a T ittiagr 1drkYetion
met hod according to any one of clainms 36 to 39, wherein in the

measuri ng, a beasgweaneid fHiconoobmnthe entgdendend filfst Batdisgusedtion
for neasurenent of positional information of the fine novenent stage
is corrected, inhthaengasenenenerdoredpion icamuiited beckeidnati theofirst
the fine novenent stage. 41. The stage drive nethod according to any
one of 15 cl anNAsS8&ong BOsSipkersinrPA2EReNfeasuri ng, a measur enent
error of the encoder head that is used for measurenent of positional
information of the coarse/fine novenent stage is corrected, the

measurenment error i ng u y ..nclination of . the.coarse noyenent
stage 20 with respggt t%ﬁghéggggdgfég% ﬁé&ﬁ&daﬁQCQEEl té&ﬁ%? rggg of

met hod of forg%ggmg g@t%grggonwﬁgrgghect with irradi ati on of an
energy beam the nethod conpfising: driving a coarse/fine novenent

stage in which the oRjieE m2BshSiAPYALREL HNréhénf bR IBBlerSdABEs head

by using the stage drive nethod according to any one of clains 26 to

41. 10 that is used for measurement of positional information of the
fine movement stage is corrected, the measurement error being

caused by inclination of the fine movement stage.

41. The stage drive method according to any one of

15 claims 34 to 40, wherein
in the measuring, a measurement error of the encoder head
that is used for measurement of positional information of the
coarse/fine movement stage is corrected, the measurement
error being caused by inclination of the coarse movement stage

20 with respect to the predetermined plane.

42. An exposure method of forming a pattern on an object

with irradiation of an energy beam, the method comprising:
driving a coarse/fine movement stage in which the object

25 is mounted on the fine movement stage, by using the stage drive

method according to any one of claims 26 to 41.

43. A device manufacturing method, comprising:

exposing an object using the exposure method according



43. A device manufacturing method, conprising: exposing an object
usi ng the exposure nethod according 66 to claim42; and devel opi ng
t he object that has been exposed.

66

to claim 42; and

developing the object that has been exposed.



