1 DESCRI PTI ON MOVABLE BODY DRI VE METHOD AND MOVABLE BODY DRI VE

- SYSTEM PATTERN FORMATI ON METHOD AND APPARATUS, 5 EXPOSURE METHCD
AND APPARATUS, DEVI CE MANUFACTURI NG METHOD, AND CALI BRATI ON METHOD
TECHNI CAL FI ELD The present invention relates to novabl e body drive
10 methods and novabl e body drive systensl pattern formation nethods
and appar atuses, exposure nethods and apparatuses, device

manuf acturi ng nmet hods, and cali bratj and nore particularly
to a novabl e body drive nethod and EQ#%§§%?@H§%§y drive systemin

whi ch a novabl e body is driven within 15 a novenent plane, a pattern
formati on net hod using the novabl e body drive nethod and a pattern

fornmati on appeOVABLE(BOINEMRIVE (METHOROAND QGVAENE BOHBYDRIVE
exposure method using the novabl e body drive nethod and an exposure

appar at us eq8PETEMy t PATEERNY FORMATION r METHODt AND aABPRARKTOS ,
manuf acturing nethod using the pattern formati on nethod, and a

calibratien ROSURE MERHQD JBPRARATHS hDEVESEL MANPFAQATBRING

i nfornmati on §%$a vabl e body in a npvenent glane. BACKGROUND ART
25Convent i ondFHHE aPAND EERABLORe METEODanuf act uri ng

m crodevi ces (el ectron devices and the |ike) such as sem conduct or
devices and liquid crystal display devices, exposure apparatuses such

as a reducti %ﬁf@aﬂto%ﬁﬂﬁsure apparatus by a step-and-repeat

met hod (a so-ca
The present invention relates to movable body drive

10 methods and movable body drive systems, pattern formation
methods and apparatuses, exposure methods and apparatuses,
device manufacturing methods, and calibration methods, and
more particularly to a movable body drive method and a movable
body drive system in which a movable body is driven within

15 amovement plane, a pattern formation method using the movable
body drive method and a pattern formation apparatus equipped
with the movable body drive system, an exposure method using
the movable body drive method and an exposure apparatus
equipped with the movable body drive system, a device

20 manufacturing method using the pattern formation method, and
a calibration method used in an encoder system that measures

positional information of a movable body in a movement plane.

BACKGROUND ART

25 Conventionally, in a lithography process for
manufacturing microdevices (electron devices and the like)
such as semiconductor devices and liquid crystal display
devices, exposure apparatuses such as a reduction projection

exposure apparatus by a step-and-repeat method (a so-called



2 stepper) and a reduction projection exposure apparatus by a

st ep-and-scan nethod (a so-called scanning stepper (which is also
called a scanner) are relatively frequently used. In this kind of
exposure apparatus, in order to transfer 5 a pattern of a reticle (or
a mask) on a plurality of shot areas on aZ2wafer, a wafer stage

hol ding the wafer is driven in an XY two-di nmensional direction, for

le, by |j dthe.like. E rally in. th f
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and the waf eraisdage itedenae@ine Perd . ned dsi-ng p ﬁxaeiﬁfentldy used.
interferoneter whose stability of neasurenent values is good for over

a long tinme and hagsrathighkireselfudtmrs uiddHppavar ush, etlioreleent s tfreimsfer
stage position control with higher precision are increasing due to

fi ner patberrmspeiferacebrpaayiblgherr emagk atoroa wiursehitoedushot areas
devices, and now, short-termvariation of nmeasurenment values due to

t enperature fATuc Wafiegn &f "eherasipgphbeedsdndt Hee beakebpts il van gat @n

of the laser jpnterferoneter has gone to occupy a | arge percentage in
t he overl ay &&Pfdlmens HrECTtioN, %@gs%¥%ﬁﬁ%gf i 9isimpd oS

the | aser inter r u r Ssitiqn neasurepent of the stage,
aneengoder céﬁmag%%ggéﬁehoagg%%?l%gg%dgé e CERE0aEr 2 (X S SLERPET
whi ch | acks i ieal .l - S iLi i i :
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linearity and being inferior in long-termstability when conpared

w th the | asetotiot=erdref arref erike. Position measurement of the reticle
stage and the wafer stage is generally performed using a laser
interferometer whose stability of measurement values is good
for over a long time and has a high resoclution.

15 However, requirements for a stage position control with
higher precision are increasing due to finer patterns that
accompany higher integration of semiconductor devices, and
now, short-term variation of measurement wvalues due to
temperature fluctuation of the atmosphere on the beam optical

20 path of the laser interferometer has come to occupy a large
percentage in the overlay budget.

Meanwhile, as a measurement device besides the laser
interferometer used for position measurement of the stage,
an encoder can be used, however, because the encoder uses a

25 scale, which lacks in mechanical long-term stability (drift
of grating pitch, fixed position drift, thermal expansion and
the like), it makes the encoder have a drawback of lacking

measurement value linearity and being inferior in long-term

stability when compared with the laser interferometer.



3 In view of the drawbacks of the laser interferoneter and the
encoder descri bed above, various proposals are being nmade (refer to
Patent Ctation 1, Patent Ctation 2 and the |ike) of a device that
nmeasures the position of a stage using both 5 a | aser interferoneter
and an encoder (a position detection sensér which uses a diffraction
grating) together. Further, the neasurenent resolution of the

ti | d d
ey one er P o, kP8 ok Ehe %FV‘%F %%ﬁwgéﬁrhhgt%rﬁ%amter and
gqual or a 13?&ﬁ&585d€§%%%é%¢§#da%%wl”bQPl Qg%f% aEF 1n%nmde

i nterferonet as appeare er to

3), and the technal egyphecRYtciberigses, '?Hﬁ@h&eb@%%%%%nﬁ@daﬁéﬁihe like)
encoder descri bed above together is beglnnlng to gather attention.

However, for sgxangkeicenthhe fesSupPOsSitHORIMASTWHERFENE dba@d Udithg both
anenent pl ane of the wafer stage is perforned of the exposure

appar at us5t hat lasees inwerdiememsitemabhyl hol e ooder wed grodidiing @etection
encoder, in order to avoid an unnecessary increase in the size of the
waf er stage e adfe whieh useser shids regddmn @lrate neonthragetilive

novenent of the wafer stage using 20 a plurality of encoders, while

swi tching the encodd# Q@éd ?B?H@@ﬁPFGWE@GT¥%@O%%Elﬂ%6%%%%?Cﬁpﬂﬁﬁélonal

waf er stage. That . ones necessa ontrol t he . p tion, of
{he vl or ot S0 Y4 THEGHaT ) CroRRATE S RIS 4 PTG
S o g g, S o
Soui. 161555 40 Lomsan s Ay Fubcsal o) comecer nas
Unexam ned Appldesatddon fRubkikeabilen) rMeer2005p 30850 2Citation 3), and the
technology to put the laser interferometer and the enccder
described above together is beginning to gather attention.
However, for example, in the case position measurement
15 of the movement plane of the wafer stage is performed of the
exposure apparatus that moves two-dimensionally holding a

wafer using an encoder, in order to avoid an unnecessary
increase in the size of the wafer stage and the 1like, it becomes
essential to control the movement of the wafer stage using
20 a plurality of encoders, while switching the encoder used for
control during the movement of the wafer stage. That is, it
becomes necessary to control the position of the wafer stage
using an encoder system which includes a plurality of heads.
Patent Citation 1: Kokai (Japanese Patent Unexamined

25 Application Publication) No. 2002-151405
Patent Citation 2: Kokai (Japanese Patent Unexamined
Application Publication) No. 2004-101362

Patent Citation 3: Kokail (Japanese Patent Unexamined

Application Publication) No. 2005-308592



4 DI SCLOSURE OF THE | NVENTI ON MEANS FOR SOLVI NG THE PROBLEMS The
present invention has been nade in consideration of 5 the

ci rcunst ances descri bed above, and according to a first aspect of the
present invention, there is provided a novabl e body drive nethod in
whi ch a novabl e body is driven along a substantially predeterm ned

pl ane, the method conprising: a drive process in which positional
information of the novable 10 body in a first direction is neasured,
using at |east one first head of an encoder systemthat includes a

plurality of {4 L Clyerbd -0 measur enent beam on a
grating V\/noséipéég&'#@ﬂgi \rgcal”t:t?gl#igﬁﬁﬁ@t direction parallel to
the plane anquE£Re RSR! BDOHER f t Mg and is arranged in a
15 direction I ntersecting tlﬁz ﬁc;st ilri?}:%%n, and the novabl e body

is driven al ong thehpl ppesehastatvént BonBasupestMadesyl toéiddLation of
positional information and positional information in a surface

paral | el bo tthe pliacarctante snelasardivedt abeam, eantlit accéroimaqttd eaftirst
one of the first heads used for the neasurenent 20 of the positional

i nf or mati on. aspect adcobhdi pEesont hinventiiwy, thegiet isnprovhded mmicomble
of the novable body in the first direction is neasured using at |east

one first hed®PBt IR AESH dPstBAfhafdnBEaRbe ofC dhel retistitgheriong a
esulls of { gl o, LILOLTRLLan 20, 2000 1 ekt TARIBIG0, . o
00 1, oSSR e, PO R AT B0 R ROR, ot
a predetefm peAiyl ANE s i ASEULENN Yon bl RELATES] PRSINB! £ 1Ras? one first
head of an encoder system that includes a plurality of first
heads which irradiates a measurement beam on a grating whose
periodicdirectionis the first direction parallel to the plane
and receives the beam from the grating and is arranged in a
15 direction intersecting the first direction, and the movable
body is driven along the plane, based on a measurement result
of the positional information and positional information in
a surface parallel to the plane of the measurement beam emitted
from at least one of the first heads used for the measurement

20 of the positional information.

According to this method, positional information of the
movable body in the first direction is measured using at least
one first head of the encoder system, and based on the
measurement results of the positional information and

25 positional information of the measurement beam emitted from
the at least one first head used for the measurement of the
positional information in a surface parallel to the

predetermined plane, the movable body is driven along a

predetermined plane. Accordingly, it becomes possible to



control the novenent of the novabl e body, using the encoder system
including a plurality of first heads. According to a second
aspect of the present invention, there is provided a pattern
formati on nethod, conprising: a 5 nount process in which an object is
mount ed on a novabl e body that can nove i A a novenent plane; and a
drive process in which the novable body is driven by the novabl e body
drive nethod of th%_g{%gent invgptio

0 |
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obj ect . Accordi ng

on the object ram . _pat { ] Ut on the
novabl e body,sﬁtle{: ]irHs rci?lvrg%1 %gln%gﬂ;lnﬁlﬂgn%oﬁcﬁ%e rmvcg 1 e body drive

met hods of the preseRoddi¥RNELOR. s FEo UMb A0 o7 LRE S ASDEE: riferdth®n,
present invention, there is provided a first device nmanufacturing

met hod 15 i ndhaliend sappatvtieled kopaateon Poo6LESoMmhesEhdd,) Nedigrising: a
pattern formati on process, a pattern is fornmed on an object using the
pattern formmduwnt pevlressointwiel g esepbjientens irpunted on Accovab hg doaly
a fourth aspect of the present invention, there is provided a .
first' exposurdafefABdIOYE Whi & Moy oFentePhane; iand srdibvoprarestsj tewhhrh
an irradiatign of an energy, beam wherein for relative novenent of the
ener gy beam g 'eei’%,dyalﬁogéﬁl"@nbﬁﬁyt%‘ﬁ HRT P & RO Ghj Bl Vg gnethod

mounted is d_roif/e,\cne usrien t.he rg)vatbl e baqd rive meat htod accor( i n%b%fect.
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of the present invention. Accordingly, 1t becones possi
the movable body, which is driven using any one of the movable
body drive methods of the present invention.
According to a third aspect of the present invention,
there is provided a first device manufacturing method
15 including a pattern formation process wherein in the pattern
formation process, a pattern is formed on an object using the
pattern formation method of the present invention.
According to a fourth aspect of the present invention,
there is provided a first exposure method in which a pattern
20 1is formed on an object by an irradiation of an energy beam
wherein for relative movement of the energy beam and the object,
a movable body on which the object is mounted is driven, using
the movable body drive method according of the present
invention.
25 According to this method, for relative movement between
an energy beam irradiated on the object and the object, the
movable body on which the object is mounted is driven with

good precision, using any one of the movable body drive methods

of the present invention. Accordingly, it becomes possible



6 to forma desired pattern on the object by scanni ng exposure
According to a fifth aspect of the present invention, there is
provi ded a second exposure nmethod of exposing an object with an
energy beam the nethod conprising: nounting 5 the object on a
novabl e body that can nove at least in a first and second direction
orthogonal in a predeterm ned plane, and controlling a position of

t he novabl e body in th redet erm ned pl ane, based on neasurenent
i nformation of° %7 8hEods l@&%ﬁtw&ﬁ“ s aﬁéesfc BY T SRR S SR TS

and a head unit arr. 10 Qn ur-f ac f the vabl e bo where .
R &3, B L e nge ity e S Raen.

the object is nounte er-a
f th bl : ; it j i t
Tovabl e body T The Dredot o rod Bl are W o hasd Thar ARgO TR an

novabl e body I n the predeterm ne ne w
grating sectidqyy ARGt Rnueaki-ty BEaRgadie he thed hasth A {ng 1At ing
positional information of a detection point of the head used for the
measur eneht itheaobykeicacen pamaivaell et botihe: e detrendireedt dledizd in a first
According to this method, it beconmes possible to control the position
of the novablaadhedygond dheept boetoarthiostadl ane pedsitegrtinedeptader and
systemincluding a plurality of heads with good precision, wthout

bei ng af f ect EPTHF e HeafNFsdfemn @Ff e B valpke breydet thy fradatiremiged

the position aof the_detection point of eagh head, which in turn,

makes Tt posdiATE 1 BRESPOLE NS BHEAC oA ORES b0RHT e SBOtRCRRER Hen.
recision. 2 or.di to i aspe f th resent . i nventiaon,
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novabl e body that can nove east I1n a frrst and second direction

orthogonal il phedstEAid1ash BlraRegaeasdi hf%chd RQFaldeOBE! the movable
informati on of the novabl e body using an encoder system which has

one of a gratiody sedt abacamnsh suheagamiitti caralangEd rantd osus £ attee afovtahd e
novabl e body where the object is held and the other is also arranged
faci ng the sipddacerofthe predetermined plane with a head that faces the
grating section among a plurality of heads of the head unit,
15 and positional information of a detection point of the head
used for the measurement in a surface parallel to the
predetermined plane.
According to this method, it becomes possible to control
the position of the movable body in the predetermined plane
20 using the encoder system including a plurality of heads with
good precision, without being affected by the measurement
error of the encoder system due to the position of the detection
point of each head, which in turn, makes it possible to expose
the object on the movable body with high precision.
25 According to a sixth aspect of the present invention,
there is provided a third exposure method of exposing an object
with an energy beam, the method comprising: mounting the object

on a movable body that can move at least in a first and second

direction orthogonal in a predetermined plane; measuring



5 the novabl e body and neasures positional information of the novable
body in the predeterm ned plane with a head that faces the grating
section anong a plurality of heads of the head unit; and controlling
the position of the novable body in the predeterm ned plane, based on
correction information to 10 conpensate fér the neasurenent error of
t he encoder systemthat occurs due to the position or displacenent of

t he detecti int of, t.he h . d f th t d

e et ot | o P, L U580 U500, O NS IRSSUSITTL O gy oo
thod, it b i t rol | s f
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encoder systemthat occurs due to the position or displacenent of

detection poiiy hefldeaal bradtised fHr@Ihe areasyeaneatinyhted durfdddof
20 makes it possible to expose the object on the novable body with

hi gh precbsi drhe Acomtdienpody anseveashraspectivionhe jmEsemtion of the
invention, there is provided a second device manufacturing nethod
i ncluding a |mqwkglr&agﬁ91ymrb@él§spm@¢t:¢ﬁmilﬁe@l e ariet Woghaphgpagsthat faces

process, an ﬁgﬁgsure,nethod according to one of the second and third
exposure met S AHE D SEE O AT Gh Rldhldd t @felisess 1 the head

iti bj ect t ed bl hod to f t.t
on the sensi TRUS ‘0B BctomRERbF SFAg b oot i gt A aLHedE Yab enBopY cibihe
I nvention, %fé&%&%ﬂn&n%o ded a gmvapl g req'.rﬂiv‘?} SiXFEo‘%JHGAt’}]o"I"I"t%"
a novabl e body is driven along d substantially pred% erm ned plane,

the system comidesisite Fdi atldghashesemed diG digreEHoR i@ f it en
direction parallel to the plane; an encoder systemwhich 5 includés a

plurality of thatstodwads duattd mhadipias idrRas Wisinichean ot the

grating and receives the beamfromthe grating, arranged in a

di rection i ntdertsedtiiony gdhimtf iofstthe head used for the measurement and
measurement information of the encoder system.

According to this method, it becomes possible to control

15 the position of the movable body in the predetermined plane
using the encoder system with good precision, without being
affected by the measurement error of the encoder system that
occurs due to the position or displacement of the detection
point of each head used for the measurement, which in turn,

20 makes it possible to expose the object on the movable body
with high precision.

According to a seventh aspect of the present invention,
there is provided a second device manufacturing method
including a lithography process wherein in the lithography

25 process, an exposure method according to one of the second
and third exposure method of the present invention is used
to expose a sensitive object mounted on the movable body, and

to form a pattern on the sensitive object.

According to an eighth aspect of the present invention,



direction; and a controller which neasures positional information of

t he novabl e body in the first direction using 10 at | east one first
head of the plurality of first heads and drives the novabl e body

al ong the plane, based on the neasurenent result of the positional
information and positional information of8the measurenent beam

emtted fromthe at | east one first head used for neasurenent of the
15 positional_.information jn a surfac rallel to the,plane.

Accor di ng toqﬁﬁﬁ?§§§F§%l4%%955WFﬁ;%%§g' §§U?§?§Wﬁpﬁ§§f%QH%meable
i nformation I [.rSfq di i i a
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of the measurément beamemtted fromthe at | east one first head used
for measur emegitr 6f di becposhtgongl 14 nkorirmd bdAnkn iMernswdeaceypesmhinglch
to the predeterm ned plane, the novable body is driven along the

pr edet er nbned rllae s Ac gdrnudianigilty, off fhecomdse R pdssi bl reradi eod reol

t he novenent of the novabl e body, using the encoder systemincl uding

a plurality #eIsumandidadeam on theagy@tding ang aavieitvesagpectoesn tfrem
present invention, there is provided a pattern fornati on apparatus,,

t he appar at uSoRFAtdNTg: 2ATABGSEI ENbBdYL BRC WHPR hi R HRr T ety jtdie first

and o movabl SUBSEF ey & SR CHE B TR o A B es
the movapl e %?er&rpatq%rngg%%ﬂétrhgwbiw@&ai 9 LhbNel £SPOEL A {1 1o ing
ject. BAccording to thi's apparatus, by nerating a patternon the
obj ect ongt hetmakhe hedy:dsikVERaRYcENen80YBRE £1 POFY-AréME&st heads and
drives the movable body along the plane, based on the
measurement result of the positional information and
positional information of the measurement beam emitted from
the at least one first head used for measurement of the
15 positional information in a surface parallel to the plane.
According to this system, the controller measures the
positional information of the movable body in the first
direction using at least one first head of the encoder system,
and based on the measurement results of the positional
20 information and positional information of the measurement
beam emitted from the at least one first head used for
measurement of the positional information in the surface
parallel to the predetermined plane, the movable body is driven
along the predetermined plane. Accordingly, it becomes
25 possible to control the movement of the movable body, using
the encoder system including a plurality of first heads.
According to a ninth aspect of the present invention,

there is provided a pattern formation apparatus, the apparatus

comprising: a movable body on which the object is mounted,



systens of the present invention with a patterning device, it becones
possible to forma desired pattern on the object. According to a
tenth aspect of the present invention, 10 there is provided a first
exposure apparatus that forns a pattern on an object by an
irradiation of an energy beam the apparafus conprising: a patterning
device that irradi ates the energy beamon the object; and the novabl e

body dri tem ' to th t ti.on, by th

Tovabl € body S G I GYEer T JER I oAl U i dieadies and
bj ect i i Ve t ;

by et - L AR e R O 1 RS TR A e

the energy beamJdd adiated QM d P &Stod FRMA e Pt AL A A% 2hn with
devi ce and the object, the novabl e ‘body on which the object is

mount ed i s driesiedty tdhech®vadectbody drive system of the present
invention. Accordingly, it becones possible to forma desired pattern
on the obPpect by s@ammmindgnexpostirks appecadiusg by genestavient b pspeetn on
of the present invention, 25 there is provided a second exposure _
appar at us t hdtheRpdses cnthbjretain ¢ hosly @nbyey Myebhe mavakdisphedy wrive
conprising: a novable body that holds the object and is novable at .
least in a fiTEtHv %ﬁa&ﬁ%‘d RESSSQE oy siidan atidhord megdianing glevice,
pr edet er mi ned ne; an_encoder stemin whi.ch one _of a 10 grati.n
Dot on and & hERFOEE PPaSaP anbEc o 4 Seres BRtERERnl dire oee
where the object i : h I I f
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in the predetigididned pang fed s Measit eddysrdaghdhatud a9 tHems a
grating section of a plurality of heads of the head unit; and a

control | er thaitteon bal snaoppsdt ibgnaaf i thed idvabh o bedyehdriieoean, the
predeterm ned pl ane, based on neasurenent information of the encoder
system and pegipdmatals cofiprimtngn obaatdeneayi devpos rthadf i thed hedds the
energy beam on the object; and the movable body drive system
according to the present invention, whereby the movable body
15 drive system drives the movable body on which the object is
mounted for relative movement of the energy beam and the
object.
According to this apparatus, for relative movement of
the energy beam irradiated on the object from the patterning
20 device and the object, the movable body on which the object
is mounted is driven by the movable body drive system of the
present invention. Accordingly, it becomes possible to form
a desired pattern on the object by scanning exposure.
According to an eleventh aspect of the present invention,
25 there is provided a second exposure apparatus that exposes
an object with an energy beam, the apparatus comprising: a
movable body that holds the object and is movable at least

in a first and second directions which are orthogonal in a

predetermined plane; an encoder system in which one of a



10 used for the neasurenent in a surface parallel to the

pr edet er mi ned pl ane. According to this nethod, it becones
possible to control the position of the novable body in the

predet ermi ned pl ane using the encoder systemincluding a plurality of
heads with 15 good precision, wthout beiHy affected by the
measurenent error of the encoder systemdue to the position of the

det ecti on point_.of each.@ead, icg in turn, ,makes it possible t
expose t he of] Gt h THE Ty 2% o885 WL thiGhe BFERISR oMY ACTHT iy OF
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novable at least in a first and second directions whi

orthogonal i nirefquredetal ré Meathdlrdnaiblan RNGOdE! SKs tradddtamiiicie PR ane
of a grating section 25 and a head unit is arranged on a surface of

t he novabbe hicdynedwermeed hey abjlestd itshatel thaeal the gtdteing sextriangest a
facing the surface of the novable body, and positional information of

t he novabl e BIdFElH theohriwbaierafl dwe pleate Ul treandt ed dontardidatr that
that faces the grating section of a plurality of heads 11 of the
head unit; ar?d’r%]%%lrﬂ FoPP&rtE ARt OE drits v aHe pedivt ivnthe rurdersrapined

compensat o1 GF 1R RESE0 IR SHAOE A0t L LAGZBREOHBS &y SPEHRCRATE SyBtem
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of the head used r e neasur enent and nmeéasSur énen or i1 on of

the encoder sSHEMor the mAGKHGE tiG, this,eiho aﬂatllt?aELCOffHasthe

possible to control the position of the novable body in the
predet er m ne¢Ricte i rdde encoder system wi th good precision
w t hout being affected by the neasurenent error of the encoder system
t hat occurs due to2ckenudsiot torhdrs désipbdc drieinécahe $ e sddfdet torontrol
point of head used for the nmeasurenment, which in turn, nmakes it
possi bl e to &hsopestilidoshpdécthenmeriebievadiie bodihavntedstgrmimed plane
reci sion.
P using the encoder system including a plurality of heads with
15 good precision, without being affected by the measurement
error of the encoder system due to the position of the detection
point of each head, which in turn, makes it possible to expose
the object on the movable body with high precision.
According to a twelfth aspect of the present invention,
20 there is provided a third exposure apparatus that exposes an
object with an energy beam, the apparatus comprising: a movable
body that holds the object and is movable at least in a first
and second directions which are orthogonal in a predetermined
plane; an encoder system in which one of a grating sectien
25 and a head unit is arranged on a surface of the movable body
where the object is held and the other is arranged facing the
surface of the movable body, and positional information of

the movable body in the predetermined plane is measured by

a head that faces the grating section of a plurality of heads



According to a thirteenth aspect of the present invention, there is
provided a calibration nethod used in an encoder systemthat neasures
positional information of a novable body that noves along a
substantially predeterm ned 20 plane in a surface parallel to the

pl ane, the nethod conprising: an acquisitiln process in which the
novabl e body is rotated at a predeterm ned angle in the surface

l1el tot I t
Cncoder syst &t (8 RBBSTEY PRE BOSTEBHGrST BT naPonogP TS Position
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acquired; and a conputing process in which positional |Informtion of

a nmeasur enenteheameMitHee @nidoi@rt Bgstdh hRad bbcardi d@stt®nthe position
per pendi cul ar to the neasurenent direction in the surface parallel to

t he pl anedi s comikpedscaresed odn thiee detastiienepbinal oé dfetiwadieasked for
t hat has been acquired and the rotation angle that has been neasured
by the neasurtdifered uranent and measzgaalithg it tsiaretdfodihe rncoder
novabl e body is rotated at a predeterm ned angle in the surface
parallel to tHe{i%me and t he measur enent value of the head of the

d t th t f t f
movabl e body 10 ﬁ'?\ BRI B FRBRT o PEPRRTaIshs e PRt rol
dth I
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that has been acquired and the rotation angle that 15 has been

measured by tdfrgmaslibgiment dexsteem@Pnsidiosalof nher sAtbaBrofyéten that
nmeasurenment beamenmtted fromthe head in the direction perpendicul ar

to the nmeasurements diveedto ahei posheisurdaceipatadeeent oof heheldrteedtsion
conput ed. AccordlngEy, it becones possible to calibrate the

posi tional i momtaifohead @$e@w‘éom§é@wmre@@anmewhmédlmr‘@mra e S
in a directiaon perpendicular to the neasurenent direction

shows a t enderfc§O8F1IRAG Fey AP bhetP 1%t FEsHER Warle épﬁlé’rwiﬁlaﬁligh

t he neas éNnent di rection of the head, with good precision. 25 BRI EF
DESCRI PT W NGS FIG 1 is a view schematically show ng

the configuration According to a thirteenth aspect of the present
invention, there is provided a calibration method used in an
encoder system that measures positional information of a
movable body that moves along a substantially predetermined
20 plane in a surface parallel to the plane, the method
comprising: an acquisition process in which the movable body
is rotated at a predetermined angle in the surface parallel
to the plane and a measurement value of a head of the encoder
system that measures the positional information of the movable
25 body in a measurement direction parallel to the plane and a
measurement value of a measurement device that measures a
rotation angle of the movable body in the surface parallel
to the plane are acquired; and a computing process in which

positional information of a measurement beam emitted from the



of an exposure apparatus related to an enbodinent. FIG 2 is a plan
view showi ng a stage device in FIG 1. FIG 3 is a plan view show ng
the placenent of various 13 neasuring apparatuses (such as encoders,
al i gnnent systens, a nultipoint AF system and Z sensors) that are
equi pped in the exposure apparatus in FIG2 1. FIG 4Ais a
pl an view showi ng a wafer stage, and FIG 5 48 is a schematic side

bl an vi cw ohdii T TEREBrBRER R e T & thepreasyt etraaiie T ion
id i howj i ect | of -t neasur nt, s e.
Torro! 6" "Mt AR SO 20 T IR RT3 o

system of the RXRRIWE ARRPA’ LY el 8F aled H LR HEFPADEMBAL N acqu%re?}and
FIGS. 7A and 7B are views for describing position neasurenent” of the

waf er table ighd hetX¥iphanaghy ehpt Ui Hepnlheabu@Baoderhaiiedburement
respectively include a plurality of heads placed in the shape of an

array andSa cwmwiam.er of the nmeasurenent val ue between the heads.

FIG 8Ais a view show ng an exanple of a configuration of an

encoder, and FI G &rZardiagvitewthsedmebhddscthdanevaipbd arpdyniz) roftated
t he generation of this measurenment_error and is a view_for describing

a rel ation bé&twédrradetaEnieed angift ianthe irfacr redalilgdt tefthqelane

beamin the %Q&P%%% %%%%u@%%gnEe% ﬁ%% g% Egg ﬂg;é%g%iéﬁgﬁgﬁﬁgég% System

that measures the positional information of the movable body
10 in the measurement direction parallel to the plane and the
measurement value of the measurement device that measures a
rotation angle of the movable body in the surface parallel
to the plane are acquired, and based on the measurement value
of the head that has been acquired and the rotation angle that
15 has been measured by the measurement device, positional
information of the measurement beam emitted from the head in
the direction perpendicular to the measurement direction in
the surface parallel to the plane is computed. Accordingly,
it becomes possible to calibrate the positional information
20 of the measurement beam emitted from a head in a direction
perpendicular to the measurement direction, which shows a
tendency of having an error to the design value larger than

the measurement direction of the head, with good precision.

25 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1is a view schematically showing the configuration
of an exposure apparatus related to an embodiment.
FIG. 2 is a plan view showing a stage device in FIG. 1.

FIG. 3 1s a plan view showing the placement of various



FIG 9A is a view show ng a case when a neasurenent val ue 25 does not
change even if a relative novenent in a non-neasurenent direction
occurs between a head of an encoder and a scale, and FIG 98 is a

vi ew showi ng a case when a neasurenent val ue changes when a rel ative
novenent in a non-neasurenent direction décurs between a head of an
encoder 14 and a scale. FIGS. 10A to 10D are views used for
descri bing the case when t he neasurenent val ue of the encoder changes

and the case BHETHY APRAFREHSTS FEPGEs28EHOt han gl 19T & systens,

relative 5 mv nt._in_th on-neasure t directjon occurs between, .
the head and % fb ladmcant AF SUstEecafid R sens iyl Jhalidhe HTPed in

e SC

expl ai ni ng an penatdond %ﬁ%ﬁ&( gq* rection information to correct

a measurenent error of an irst encoder) due to the

relative 10 nmovenemrcof 4hheshgash And ithe stealieg B 188 POS A@AS WR(BRlG,
di rection. FIG 12 is a graph showi ng a neasurenent” error of

the encoder WH H g espetientan iideiclaRgew vt ke pad rdsiltliyosddt iRideehwaEer
anount ex = a. 15FIG 13 is a view for explaining an operation to
acquire corr edt@gen W3T.ormation to correct a nmeasurenent error of

anot her encoder (a second encoder) due to the relative nmovenent of

the head and the s&de PR thé RANMERSYIrBIRSHNGAr BERPORSIENG stage s aad

vi ew for descli bi .a calibration 0cess
%rfG. glg is a schematic s:‘?cge vgew showing a partial cross section

of the measurement stage.

10 FIG. 6 is a block diagram showing a main configuration
of a control system of the exposure apparatus related to an
embodiment,

FIGS. 7A and 7B are views for describing position
measurement of the wafer table in the XY plane by a plurality

15 of encoders which respectively include a plurality of heads
placed in the shape of an array and a carryover of the
measurement value between the heads.

FIG. 8A is a view showing an example of a configuration
of an encoder, and FIG. 8B is a view used to describe a mechanism

20 of the generation of this measurement error and is a view for
describing a relation between an incident light and a
diffracted light of the beam in the encoder head with respect
to the reflection grating.

FIG. 9A is a view showing a case when a measurement value

25 does not change even if a relative movement in a
non-measurement direction occurs between a head of an encoder
and a scale, and FIG. 9B is a view showing a case when a
measurement value changes when a relative movement in a

non-measurement direction occurs between a head of an encoder



20 of a head position. FIG 15 is a view for explaining an
i nconveni ence that occurs in the case a plurality of measurenent
points on the sane scale is neasured by a plurality of heads.

FIG 16 is a view for explaining a nethod to nmeasure the 25

unevenness of the scale (No. 1). H GS. 17A to 17D are views
for explaining a nethod to neasure the unevenness of the scale (No.
2). FIG 18 is a view for describing an acquisition operation

of correctiofi%hforifii®n of the grating pitch of the scale 15 and

th ti i nf ti f t ti def ti . . FI GS

194 and 198 are vi SACH-of DBXH? 1R Ho ey LamR s mecnas 5L RbRgerte Gase
t t I

recsur enent YAl gl AeyGcedet el DR NoE-RELeEt . 0LA Prne case

swi tching progrss 9fe e SNcodelt Q%QQJJSOH&G%Z’DE%HHQCH} GARd o A dhSe

XY plane of the wafer stage. is a view

concept uabl y nehaidir pasthé aibcaMd Ol rdfedthe iwalicen ot dgeurkbadeeedi the
t he neasurenent val ue of the 10 encoder, and an encoder sw tching
timng. headrla@d 2hd s@ld.ew showing a state of the wafer stage
and the neasurenent stage while exposure by a step-and-scan nethod is
bei ng performed toFdGRaf élAcind HdBhatrervigwagdorregpladnisgaaviomeration

showi ng the state of both stages just )
to acquire correciion information to correct a measurement

error of an encoder {a first encoder) due to the relative

10 movement of the head and the scale in the non-measurement
direction.

FIG. 12 is a graph showing a measurement error of the
encoder with respect to the change in the Z position in pitching
amount B8x = «.

15 FIG. 13 is a view for explaining an operation to acquire
correction information to correct a measurement error of
another encoder (a second encoder) due to the relative movement
of the head and the scale in the non-measurement direction.

FIG. 14 is a view for describing a calibration process

20 of a head position.

FIG. 15 is a view for explaining an inconvenience that
occurs in the case a plurality of measurement points on the
same scale is measured by a plurality of heads.

FIG. 16 is a view for explaining a method to measure the

25 unevenness of the scale (No. 1).

FIGS. 17A to 17D are views for explaining a method to
measure the unevenness of the scale (Ne. 2).

FIG. 18 is a view for describing an acquisition operation

of correction information of the grating pitch of the scale



15 after the stages shifted froma state where the wafer stage and

t he neasurenents stage are distanced to a state where both stages are
in contact after exposure has been conpl et ed. FIG 24 is a

vi ew showi ng a state where the nmeasurenent stage noves in the
-Y-direction and the wafer stage noves 20+ oward an unl oadi ng
position, while maintaining the positional relation between the wafer
tabl e and the measurenent table in the Y-axis direction. FI G
25 is a vi ewaghbwilrg @ steattelcof e nwsfteirors tody & han @y ntate. nge aksfioementtion .
stage when the nmeasurenment stage has reached 25 a position where a
Sec- BCHK (i nterval FIGS -péPPorREd1oB are vigyg fop §3plp i shewnsgese

state of the wafer stage and the neasurenent stage en the wafer
stage has nmov&d¥4baft %nﬂ?ﬁ’&a?dffﬁésbl&??‘te%nv%gu% q%\ggienanﬁag?ﬁ@}@i} has

parallel with the Sec-BCHK (.interval)._.hein rfarned, . 16
FIG 27 is ab\ﬁeglwcs rorvﬁc%da g q:a eaL %fgstlﬁaelov\rlgfogfre WsQIIaegre Sécnac?et quST'

measur emegt stage \hen Ebgiér%‘i%# eged lla(f;% e}ﬁggi&g?ei?ﬁt ggfﬂéggé of the

scrumwaiting position and a wafer is 5FI G

28 is a viewsshoMdy uaest 8be Ohe o4l St awesmhen tihetwalf 2y S1a9e da%he
noved to a position where the Pri-BCHK forner process is perforned

whi |l e the neasuffeemertacet.age is waiting at the optimal scrumwaiting
position. FIG 29 is a view showing a state of the wafer stage and 10
t he neasurenent st &G6€.whdni=mki gheetonmaksiadrlvanbeding pdw eeidn comntrol
al i gnment shot_ areas are being sinultaneously detected using

al i gnment sy$tferibicavefeq) rageg Atgke of the measurement value of the

10 enceder, and an encoder switching timing.

FIG. 22 is a view showing a state of the wafer stage and
the measurement stage while exposure by a step-and-scan method
is being performed to a wafer on the wafer stage.

FIG. 23 is a view showing the state of both stages just

15 after the stages shifted from a state where the wafer stage
and the measurements stage are distanced to a state where both
stages are in contact after exposure has been completed.

FIG. 24 is a view showing a state where the measurement
stage moves in the -Y-direction and the wafer stage moves

20 toward an unloading position, while maintaining the
positional relation between the wafer table and the
measurement table in the Y-axis direction.

FIG. 25 is a view showing a state of the wafer stage and
the measurement stage when the measurement stage has reached

25 a position where a Sec-BCHK {(interval) is performed.

FIG. 26 is a view showing a state of the wafer stage and
the measurement stage when the wafer stage has moved from the
unloading position to a loading position in parallel with the

Sec~-BCHK (interval) being performed.



FIG 30 is a view showing a state of the wafer stage and the

measur enent stage when the focus calibration fornmer 15 process is

bei ng perforned. FIG 31 is a view showing a state of the

waf er stage and the neasurenent stage when alignnent nmarks arranged

in five second alignnment shot areas are bgj ng sinultaneously detected

using alignment systens AL1 and AL21 to AL24. 20FIG 32 is a view

showi ng a state of the wafer stage and the neasurenent stage when at

| east one of the PEILIGBCEK iatt eieprovesn@rdsthbefol thecubibrastiaye and

| atter process is being performed. FIG 33 is a view show ng a state

of the waf er H¥ageagngepsnthet pggstherdie Sieage raentapgafeReveaarks an

arranged in five third alignnment shot areas are b irngssirml tgneously
24:

det ect ed usi i EIMYNFAEAPNSYSL S BRPELEAGR A 2t caded onpq @ater

34 is a vi ewtsa%civg ng a state of the wafer stage and the neasurenent
stage when alignment marks arranged in three 17 fourth alignnent

shot areas are bei i | t anego d i 'gﬂy{:_qpt
AT, AL22 and ALz rEC: 78 18 %H%ﬁéi 552‘95{‘%5‘?%%35% s ¥ Fhen

waf er stage amé therdearWRMens SR Wen bR iftaes WIRRRI RGN a& 1 -BCHK
ended. 5FIG 36 is a flow chart for explaining an enbodi nent of
former process is performed while the measurement stage is
waiting at the optimal scrum waiting position.

FIG. 29 is a view showing a state of the wafer stage and

i0 the measurement stage when alignment marks arranged in three
first alignment shot areas are being simultaneously detected
using alignment systems ALl, ALZ2, and ALZ2j.

FIG. 30 is a view showing a state of the wafer stage and
the measurement stage when the focus calibration former

15 process is being performed.

FIG. 31 is a view showing a state of the wafer stage and
the measurement stage when alignment marks arranged in five
second alignment shot areas are being simultaneously detected
using alignment systems ALl and AL2y to ALZ2,.

20 FIG. 32 is a view showing a state of the wafer stage and
the measurement stage when at least one ¢f the Pri—~BCHK latter
process and the focus calibration latter process is being
performed.

FIG. 33 is a view showing a state of the wafer stage and

25 the measurement stage when alignment marks arranged in five
third alignment shot areas are being simultaneously detected
using alignment systems ALl and ALZ2; to ALZ2,.

FIG. 34 is a view showing a state of the wafer stage and

the measurement stage when alignment marks arranged in three



t he devi ce manufacturing mnet hod. FIG 37 is a flowhart used
to explain a specific exanple of step 204 in FIG 36. 10 BEST MODE
FOR CARRYI NG OQUT THE | NVENTI ON An enbodi nent of the present

invention will be described below, with reference to FIGS. 1 to 35.
FIG 1 schematically shows a configurati darf of an exposure apparat us
100 related to the enbodi nent. Exposure 15 apparatus 100 is a

scanni ng expasur e apparatus. of the step-and-scan pet hod, nanely the
so-cal | gd sgdﬁ%’r’ﬂé:r gglFPmﬁPFISW 66§€I5|Ebre?jbleépéfrﬂr&u]p?%‘}%%‘f?]oﬁdeteCted

t I t em.PL arran ed the n the
ggslcfﬁpt IS)CI)?\ el 6w, ! lecﬂnlme I %Lgr% Sijl g’glzlf’axi s AX of
proj ection optical 2@, Sgﬁt%“a%l&‘r;énhe&glrﬁfﬁ%g @ftﬁl@eggféf'&age and

direction, a direction within ogona to the

direction in gy Cr‘r{éa%lfr%trr_le@ite_sadmge? WHRIE It HRY & JRI AR Dh B GRINeh |
be described as the Y-axis direction, a direction orthogonal to the

Z-axis anfl the Y-axiIs.wBblida deserchet: &t BepXadxisg2on dntesdimt of
and rotational (inclination) directions around the X-axis, the

Y-axis, and tthe Zeaxice widnufzetdesiord edhasi.0 x, 0y, and 0 z

di rections, respecti velgl. Exposur e appar at us 100 i ncl udes an
i1lumination syst er‘ﬁIi;G hiser fdpechpagei sy tomeap hoins speetf it exrmple
that is 18 il um nat an illumnation [ight for exposure
(hereinafter ° >{’a@ﬂlzﬁ"l '39+ umi nation Ii ght" or "exposure
light") ILfrom I I um nat| onsystemlO, a projection unit PU that

i ncl udes projection optical system PL that

10 BEST MODE FOR CARRYING OUT THE INVENTION
An embodiment of the present invention will be described
below, with reference to FIGS. 1 to 35.
FIG. 1 schematically shows a configuration of an
exposure apparatus 100 related to the embodiment. Exposure
15 apparatus 100 is a scanning exposure apparatus of the
step-and-scan methed, namely the so-called scanner. As it
will be described later, a projection optical system PL is
arranged in the embodiment, and in the description below, a
direction parallel to an optical axis AX of projection optical
20 system PL will be described as the Z-axis direction, a
direction within a plane orthogonal to the Z-axis direction
in which a reticle and a wafer are relatively scanned will
be described as the Y-axis direction, a direction orthogonal
to the Z-axis and the Y-axis will be described as the X-axis
25 direction, and rotational {inclination) directions around the
X-axis, the Y-axis, and the Z-axis will be described as & x,
® vy, and 6 z directions, respectively.
Exposure apparatus 100 includes an illumination system

10, a reticle stage RST that holds a reticle R that is



5 projects illumnation light IL emtted fromreticle Ron a wafer W
a stage device 50 that has a wafer stage WST and a neasurenent stage
MST, their control system and the like. On wafer stage WST, wafer W
is nmounted. Illum nation system 10 i ncludes a |ight source and an 10
i llumination optical systemthat has an i18 um nance uniformty

optical systemthat includes an optical integrator and the |like and a

icle bli f mh h di scl d
. for examne K SRp e SR o ied S RaR g

Publ i cat 2 bt
S S e g s S e T o

i1 Tum nati on veygipmrk0] 1 ghsth trrshapgd 1M aAatdPey 8t 6@ 1@<t§@>¢d3@dt&on
the X-axis direction which is set on reticle R WIt]YI areticle blind

(a maski ng systiemPU g Hdd umdiaidest yrdidanticmatogan dd 1ghty sien expasiate
light) IL wwth a substantially uniformillumnance. In this case, as

i | 'um nat bon duqgtectisl 1 flomimedripire, L igm tArTE: exditterd |Ger deddmle R on a
(wavel engt h 193 nqu is used. Further, as the optical integrator, for
exanple, a fl reﬁsstégﬁoéewhf:@gEQt bhatahas n ef e T refd g tisoh and a
type integrator), a 25 diffrac |ve opti.cal elenment or the |ike can l?(e

used. FESEane ssttzij?ee S ERERIWRYSeR ciprduithe 11
pattern or t | j is..fo tern surfae(thelovver
surface in FF% V"f)i%e(a]J SSta>§{§ dr exfzerrpﬁot Lff‘:h chucking. Reticle

stage RST is finel qulh'm‘iﬁglt?.o?ir ?‘r%%@pll ol ﬂnc‘%&@%% a?mll%l—?% @GLﬂlcaeEeaé?iy an

areticle stage drive system 11 {(not shown in er t

6) that iocl udesind datiear JPHida10rsyidtenl it and ref a1 instRERRST i's
al so drivable in a predeterm ned scanning direction (the Y-axis

direction, whndlfdrmittheopbat eadlsbsttint ekt omofudde apaget seu T dee eigrator
FIG 1) at a designhated scanni ng speed.
and the like and a reticle blind and the like (none of which
are shown), as is disclosed in, for example, Kokai (Japanese
Patent Unexamined Application Publication) No. 2001-313250
15 (the corresponding U.S. Patent Application Publication
No.2003/0025820) and the like. In illumination system 10, a
slit~shaped illumination area extending in the X-axis
direction which is set on reticle R with a reticle blind (a
masking system) is illuminated by illumination light
20 (exposure light) IL with a substantially uniform illuminance.
In this case, as illumination light IL, for example, an ArF
excimer laser beam (wavelength 193 nm} is used. Further, as
the optical integrator, for example, a fly-eye lens, a rod
integrator (an internal reflection type integrator), a
25 diffractive optical element or the like can be used.
On reticle stage RST, reticle R on which a circuit
pattern or the like is formed on its pattern surface (the lower

surface in FIG. 1) is fixed, for example, by vacuum chucking.

Reticle stage RST is finely drivable or movable in within an



Positional information (including rotation information in the 0 z
direction) of reticle stage RST in the novenent plane is constantly
detected, for exanple, at a resolution 10 of around 0.5 to 1 nmby a
reticle laser interferometer (hereinafter referred to as a "reticle
interferoneter”) 116, via a novable mrrars 15 (the mrrors actually
arranged are a Y novable mirror that has a reflection surface which
is orthogonal _to_the Y-axis direction and an X novable mrror 15 that
has a refl ectx%ﬁléﬁref B & SFTRGIENAF2EDS e XSARILE§Tdl + etqtoffronTHe FIG.
measur enent alue # | e |n erfero ter :f%eue sent to

control | er ’(ﬁgt §h53n ft réfel d?B EIGH)E TR EBaEW?H%¥§B’
20 computes teﬁned lﬁ@d ét)c;]ed%tﬂscf § St | On'%gi]_l #lo@aﬁrﬂ)ﬂ f%rdécfeeccéfn%{hed

Y-axis directlion, direc asur efren

val ues of rets&{r&lrn_{ 8iferemBhelrtnkl 9. aand il SQ-1Gi r9h§chfles PRSIt U a1
(and velocity) of reticle stage RST by controlling reticle st age

drive systemdilrdeatsioch Q¥ tiie: qoigruitaidfied esulRSs. INcigden aldgignated

i nstead of novable mrror 15, the edge surface 25 of reticle stage

RST can be magaymipy isgleiso as to forma reflection surface
(corresponding to the reflection surface of novable mirror 15).

Further, reticle i fosiftdromadt erferBatian nidasiielisssrotehapn information
i nf or mat i on of reticle stage RST rel ated to at | east one of the

Z-axis, 0 x, #hd "¢ P & rEdTnen) be reticlersfiags iR it (Chsynayement
pl aced beIOM/retche sta

RST Pro PU i ncl.u
a barrel A S ro] eccfr%etl‘? : c‘%ﬁt Vsetdém%i_ﬂ e Ci:fr';ﬁa:’n:'fttplaurrlﬁnsl%[]}}ldte n
|
opti ca @be Y S U g el A @ 1Y et et g—aldseg% rqmeter

relation 5 insi prolectlon op 1 C

exanpl e, a dl@i@ﬁéﬁasm%ﬁ@elf%r%@dtocaw%a SEbegc@E ﬁl@éyf@ééxﬁéft@iﬁ" 116,
| enses (lens elenents) that is disposed along an optical axis

whi ch is paratizela trwtarel o neixd rSordi r%e i .miRrmQj 18 td i 20ty (‘a&lraﬁyﬁi&rﬁre
PL is, for exanple, a both-side 10 telecentric dioptric systemthat

has a predet er i medrgirley ecitnmor nagt fhasata are f{Isuchi aas onefapeardbelich is

one-fifth, or one-eighth tinmes). Therefore, when illumnation |ight

L from il ufintdasmady stemkhro Y-axid whitrestiidumnshtaroX aos@blasRmigror
reduced | page of the circuit pattern (a reduced i ;%F of 15 a part of

the circtirt pattteld® 6t A% $EtiW SHL Ut %%qqn i1 drhshativhs

| AR, t | | t ht IL that h t
R whi ch | 5. pIHRSE o8 Vet e I P CE S b E AR EL B RS T
with a first Fi'ea%ere(as% Oglt%‘;t %%e)co%rﬁﬁo_d[e%c?qcf Y I GRS %S E‘E‘%J;L’l
in an area I (exposure O area) conjugate um nation area

on wafer Wwhos& swd 8@ .1 $)C0af8dn Wbt Aol £8F S0 (Gomainsdd IMfe 8RNI on
and is placed on a second plane (an i nmage plane) side, via projection

optical systein Pbt{plejecideorsunnt + X -and sl dopd &k ddh ( vehel stdd fiddBion,
1). And by reticle stage RST and wafer stage WST bei ng
20 and the © zdirection based on the measurement values of reticle
| interferometer 116, and also controls the position {and
velocity} of reticle stage RST by controlling reticle stage
drive system 11 based on the computation results.
Incidentally, instead of movable mirror 15, the edge surface
25 of reticle stage RST can be mirror polished so as to form a
reflection surface (corresponding to the reflection surface
of movable mirror 15). PFurther, reticle interferometer 116

can measure positional information of reticle stage RST

related to at least one of the Z-axis, © X, and © y directions.



25 synchronously driven, the reticle is relatively noved in the
scanning direction (the Y-axis direction) with respect to

illumnation area AR (illumnnation light IL) while wafer Wis
relatively noved in the scanning direction (the Y-axis direction)

with respect to the exposure area (illuni4fation 21 light IL), thus
scanni ng exposure of a shot area (divided area) on wafer Wis
performed, and the £ f .tk tidc Sty ferred onto._the .
shot area. That i sEQfl%tr? %q%%ogj %E?n%ﬁtls bﬁg(%gt]?e?%wiéetglgcnleer g,?ggeofr{]ST i
waf er Waccorgig 10 ifrlo4@Raldnomn +S % 6N ®aesNe ielirehe 4 Anding
projection optical systemPL, and then by the exposure of the
sensitive | aypfofd@sisi dpaviesa)l eRswaikerr Wiat hdd bupiaakiotyl é8pdileal
the pattern is formed on wafer W Although it is not shown in the
drawi ngs, pr aleoterdrs whiithRltre heimduint e msdet dxariredd pbat tdovmal relation
supported 10 by three struts via a vibration isolation mechani sm
however, as iinsdide|seeel Mo f oAsepavplest iche oparshlletsysftem PL, for

| nt ernati onal Publication No. K WD 2006/ 038952, projection unit PU can
be supported SPRIGeAsTOAPIF A TEsTRIed st Bsad ma Tl e rber Ritpality
shown) pl aced ove ection uni Wi t h respe

menber on \/\/niorsfll eé]tsiepr(Ca)(jl&r‘zfgggﬁ@?n&??gﬂzgégd?s disp S?(i‘ar"i1 %1%@? $I?1b°%’steical

exposur e apparat 0Q_.af £ inent, i.n order it e

exposure appIaégr/}{:inslg:;%f)‘flfeQTkiplqcu}‘lE IC}LSI ﬁ{%?aglllﬁl r;ce? hod:‘,' a arnxolzéz)l(ie)l]{Jetrf?{Jj‘ﬂgéfi' t hat
constitutes aRafdciforp dcialal idpdih BRIl OnedlevigaBid s arg | de
so as to enclose the 20 periphery of the |ower end portion of barre

40 that hol dxedrecpitciad &l@ientic thadtds Wlasasds tD PreddBgniiane
side (wafer Wside) that constitutes projection optical system PL,
which is a | gjdemrismabyed fighsdonef sucked ¢ ona-Yuapteenséneddifth, or
this case. In the enbodinent, as shown in FIG 1, the |ower 25 end
surface of nezE-@imith F2nes)set Theriedogghs wieni dlllyminashon fLhghlte IL

| ower end surface of tip lens 191. Further, nozzle unit 32 is

equi pped wi t FELs4ppHPLBREAPRG BHE™ 1Petbldrinabenildd wH natdendarga IRR,

over surface L H0l ST el 13 placed, 2900 300 B MU NS e o
15 a part of the circuit pattern) of the reticle is formed within
illumination area IAR, with illumination light IL that has
passed through reticle R which is placed so that its pattern
surface substantially coincides with a first plane (an object
plane) of projection optical system PL, in an area IA (exposure

20 area) conjugate to illumination area IAR on wafer W whose
surface is coated with a resist (a sensitive agent) and is
placed on a second plane (an image plane) side, via projection
optical system PL (projection unit PU) and ligquid Lg (refer

to FIG. 1). Andby reticle stage RST and wafer stage WST being

25 synchronously driven, the reticle is relatively moved in the
scanning direction (the Y-axis direction) with respect to
illumination area IAR (illumination light IL) while wafer W

is relatively moved in the scanning direction (the Y-axis

direction) with respect to the exposure area (illumination



fl ow channel and a recovery flow channel that are connected to a
liquid supply pipe 31A and a liquid recovery pipe 31B respectively.

As shown in FIG 3, liquid supply pipe 31A and |iquid recovery pipe
31B are inclined at an angle of 45 degrees 5 with respect to the
X-axis direction and the Y-axis directiofin a planar view (when
viewed from above ) and are symmetrically placed with respect to a
straight ling:; i h - axl k J t.hr.o j

X0 o AX of praa it e A b g bk RS REE Al Lty fHE ke
(not shown) igh GIMECHEA d GdfHib SURRlY tHPS 3R Mhide e hene is
end of the supply pipe is connected to a liquid supply device 5 (not
shown in Fl GtrhngfRefefed @nkloGthe) shandch e, entha@f 18, r e6oves YerRE ment,
(not shown) is connected to liquid recovery pipe 31B while the other
end 15 of theheepetérynpi peyarnemdratbonedafer & bicqurdingcioy erlyl weviadd on
6 (not shown in FIG 1, refer to FIG 6). Li qui d supply device
5 incl ude8 a I¥sfE™ 1Pankhe aeforfpreos snerbpemest bor empfdraitlusystem PL, and
controller, a valve for controlling supply/stop of the liquid to

liquid suppl V5@ 2GS RXPGTFEHE T (5 SROSIHd WRalhfg e o sddaiiplléyes)

fl t trol I i f bly. d t t t hy

Suppl vi stop o PRESE Horbthot THE Vet g dttte . sPorPantLat ot e
f d T | ser ;adj.ust : .of _th

Pt ot hi o0 neer 8 BIEABLER HE 1SOLHY BpbhE ARTREE RS st o7

exanpl e, as e lRPRALNLe vt hi mdhe Lharbgrphpet ) Showo e §dd& ed

exposure apparatus is housed. Incidentally, the tank for supplying

the liquid, thethospressiod viund,videtieipesaldte otiohéEiohhLEm, Hitrever,
val ve, and the like do not all have to be equi pped in exposure
apparatus 23s108 diamd eted eastf@r parmpdk, t tleenpeaphdlesoobdnternational
substituted by the equipment available in the plant or the |ike where
exposur e appattlisatgen Ng.ndfl4E/ A3 meaeati dewitse U can be
includes a liquid tank, a 5 suction punp, a valve for controlling
recovery/ st of BPIE D iRYUiISHARSNS IGH ¥ 1t FRRPSS F€ 31 B2 1ad Afe member

o e Y Sl B2 oD BB VSl B E18E Bl Yo oo
the tank;§or JLCOVRIddhdrife ! I PG UL Y G P MEe AN

Further, in exposure apparatus 100 of the embodiment,

in order to perform exposure applying the liquid immersion

method, a nozzle unit 32 that constitutes a part of a local

liquid immersion device 8 is arranged so as to enclose the

20 periphery of the lower end portion of barrel 40 that holds

anoptical element that is closest to an image plane side (wafer

W side) that constitutes projection optical system PL, which

is a lens (hereinafter, also referred to a "tip lens") 191

in this case. In the embodiment, as shown in FIG. 1, the lower

25 end surface of nozzle unit 32 is set to be substantially flush

with the lower end surface of tip lens 191. Further, nozzle

unit 32 is equipped with a supply opening and a recovery opening

of liquid Lg, a lower surface to which wafer W is placed facing

and at which the recovery opening is arranged, and a supply



10 the like do not all have to be equi pped in exposure apparatus 100,
and at least a part of themcan also be substituted by the equi pnment
available in the plant or the |ike where exposure apparatus 100 is
installed. In the enbodinment, as the liquid described above, pure 15
water (hereinafter, it will sinply be ref&red to as "water" besi des
the case when specifying is necessary) that transmts the ArF exciner

l'aser |ight (flibcgpj[ch\@émtr}%r}ara%vgl g@ggt}egpeé?g’w B ahsed & ;Ja(sjrfed'colzr)l'ﬁre%ted

wat er can be “obtai ne arge quanti S at a sem conduc

manuf act uri ng:cplaarﬂicﬁ%vdi: %ﬂﬂl‘@eﬁ%wéﬁp%@ieﬂ‘ iy raRf drly ¥igR 318

has an advant age of ng no "advérse effect on the photoresi'st on

the wafer, taddiraptical. | aBsesoon IMeTe.ke, 1liquid Befppast pypei ITnd
n of the water with respect to the ArF excinmer laser light Is around
1.44. In the Materd rheo2brwgvigdeeAdBhamd inkllumedsd t am dnhghe olfl 45 sleb3Res
nmx |/n, shorted to around 134 nm Liquid supply device 5 and liquid
recovery devivdésreaprchave tdecgnerdsl @k reanton fad ebpettdxbs direction

controllers are caontroll ed qy mai n,control | er. 20 grefer to FIG 6).
According 241® QIR UEL PN SToML REPH T RBPY Rt D6 2Ff S YEHRTTHAaE Y

f liquid |y _devi.ce 5 t.h | . t ed liquid |
pi pe S1A to BYASIoUE T HSPRISGY o 1% SUPHY matore L] (rbrdie 0 PIe

1) toth : i 1 O P R e 18] I -
b Lojihe spans dmnetprbessl S oni BlEL I | 1 Supplscson

when the wat @fptiTaSURRId1&Gy m@ecording to instructions from main
controller 20, the controller of liquid recovery device 6 opens the
val ve conpect ed t 00niequind ogC eV euppRivP®iptB (heta spiedst asricredcdegdee o

liquid supply pipe 31A while the other end of the supply pipe
is connected to a liquid supply device 5 (not shown in FIG.
1, refer to FIG. 6), and one end of a recovery pipe (not shown)
is connected to liquid recovery pipe 31B while the other end

15 of the recovery pipe is connected to a liquid recovery device
6 (not shown in FIG. 1, refer teo FIG. 6).

Liquid supply device 5 includes a liguid tank, a
compression pump, a temperature controller, a valve for
controlling supply/stop of the liquid to liquid supply pipe

20 31A, and the like. As the wvalve, for example, a flow rate
control valve is preferably used so that not only the
supply/stop of the liquid but also the adjustment of flow rate
can be performed. The temperature controller adjusts the
temperature of the liquid within the ligquid tank to nearly

25 the same temperature, for example, as the temperature within
the chamber (not shown) where the exposure apparatus is housed.
Incidentally, the tank for supplying the liguid, the
compression pump, the temperature controller, the valve, and

the like do not all have to be equipped in exposure apparatus



10 to recover water Lg fromthe space between tip |l ens 191 and wafer
Winto liquid recovery device 6 (the liquid tank) via the recovery
openi ng, the recovery flow channel and liquid recovery pipe 31B.
During the supply and recovery operations, main controller 20 gives
commands to the controllers of liquid 15%upply device 5 and |iquid
recovery device 6 so that the quantity of water Lq supplied to the

space between {4 pa'n%f“%g;l%aéﬁda‘é‘géﬁjﬁ X\é\cﬁp%a@é Yo B S LB 14t by

of water Lq recdvered fromthe ace. Accordingly, a constant

quantity of waeebqhphénbehtd (818 it e Fladd drthba i3RAGKe PEIWRRRure

20 tip lens 191 and wafer W In this case, water Lg held in the Space
between tip lagnmAdhand onvaferindt=g 1eenst antly repl aced. As is
obvi ous fromthe above description, in the enbodinent, local liquid

i mrer si on devi ce 8Liisudanfreguvedyi netidiend nozidleesniat 1320ikd qand, a
supply device 5, liquid 25 recovery device 6, liquid supply pipe 31A
and |iquid r &esEon Fuse 3B Vadie thes Iciokd rolddalg Heqeivé nvmedos ef the
device 8 fills liquid Lq in the space between tip lens 191 and wafer

s |i, .
Wby nozzle L}Hiclull _‘,’l%& _tqﬁlé:fj T YPFLBGi%Ilﬁf_rrﬁB f;tih@nl%‘b%cep*s the valve,
(cau val ent 10 ] QU LI shon ke Leh SR ude Lhe B0 cne
nozel e Ut 52 e dusaral ot LU LabECsl o1 SPRSBLQUTY, O o

Incidental ly,r@ patbvefrihecahel hayida? maﬁééwﬂoﬁeg/&rg;,_ &hd Falve, and
exanpl e, at least nozzle unit 32 may al so be supported in a suspended

state byla mahe fii&eedsinwd wdilnpatvrs8er barg ebupbaetiolt méagssdikedpparatus
earlier) that holds projection unit PU or may al so be arranged at
anot her franmd Ofenbed thafleastseppaat eof rioment heamed Isd temesub@titiutachéy
case 10 projection unit PUis supported in a suspended state as is
descri bed earftiheegquiprente aysiitl add endy thiespl et Supploe tlédks wheare exposure

suspended state integra&%g,mﬁth prqojection unit PU, but in the
enbodi nent, REPAR TR L2 3% 1BST@IJEF -on a measurement frame that is

suppored n 2 sushended SUaLe A OdebendeuLl ¥, 48, L AL AL SS LU UL
a suspenfled $LALE. (hereinafter, it will simply be referred to as "water"
besides the case when specifying is necessary) that transmits
the ArF excimer laser light (light with a wavelength of 193
nm) is to be used. Pure water can be obtained in large
quantities at a semiconductor manufacturing plant or the like
20 without difficulty, and it also has an advantage of having
no adverse effect on the photoresist on the wafer, to the
optical lenses or the like.
Refractive index n of the water with respect to the ArF
excimer laser light is around 1.44. In the water the
25 wavelength of illumination light IL is 193 nm x 1/n, shorted
to around 134 nm.
Liquid supply device 5 and liquid recovery device 6 each
have a controller, and the respective controllers are

controlled by main controller 20 (refer to FIG. 6). According



Incidentally, also in the case neasurenent stage MST is | ocated bel ow
projection unit PU, the space between a neasurenent table (to be
described later) and tip lens 191 20 can be filled with water Lg in a
simlar manner to the manner descri bed above. Incidentally, in
the description above, one liquid supply 4¥i pe (nozzle) and one |iquid
recovery pipe (nozzle) were arranged as an exanple, however, the

present | nveqi[d- A At Ms lflﬁr&s gr%itno é:tciql'r%:,s.:’oflg%c} 3 Lok J oglttb:%gplhelretof

having nmultiple nozzles as 1s ose exarple, t

of InternationauiRubhiggat) e Ne WORRMAITE vHRY AlRArke 1Py adquid
in the case such an arrangenent iIs possible taking into consideration

a relation wddppadi adget 3MTRMDErS pricdetReiminedd deleckorsrs gppf acrmdr Lg
nozzle unit 32 can be placed near the inage plane (nore specifically,
a wafer) of proifect tonFdpt i Lhaltsyibespfterattheren hdp fthesol®yamy wafer
plane of tip lens 191, or, in addition to the optical path of the

i mge pl ake 1 éaotiguidpurmsy Pdbe dlBonthewuatlon filpwwahahneheand the
optical path on the object plane side of tip lens 191 is also filled
with liquid CWFRe éaﬁ%w@ THEThSENt Whent hAe HAYSEomfi §UPRLILEA  can

be enpl oyed, as |o as the liquid can be supplied in the space
betwean opt | CoEEnget Ya PSR o st e 2 ehe
constituting j.eGti thiscal. t P : For. I
the 11 qui d [ aeiarad f f 1Rl NEREs MR X S P YRR

I nternat i onalcdJrHaldeeat i:@fli'é;%-id&é’&@é‘f;%é%%%1_§Eotah%rééi8t'é9mlﬂ@8ro%ig%e

mechani sm di scl osed in the EP Patent Application Publication No.

420 298 tan alsedhevapphizedrt oglbrbhiet B¥posate wPpasat usi®fldie 191 and
enbodi nment . Referring back to FIG 1, stage device 50 is
equi pped wi t wafafreW shagelVW§Tidndeneasuyedentcst@gecETL iduaitd darasmk) via
pl aced above a base board 12, an interferoneter system 118 (refer to
FIG 6) incl fdiengerovierst fomegridider $1E6 raedvegy fddw ishanned and liquid
recovery pipe 31B. During the supply and recovery operations,
main controller 20 gives commands to the controllers of liquid
15 supply device 5 and liquid recovery device 6 so that the
guantity of water Lg supplied to the space between tip lens
191 and wafer W constantly equals the guantity of water Lg
recovered from the space. Accordingly, a constant quantity
of water Lg is held (refer to FIG. 1) in the space between
20 tip lens 191 and wafer W. 1In this case, water Lg held in the
space between tip lens 191 and wafer W is constantly replaced.
As is obvious from the above description, in the
embodiment, local liquid immersion device 8 is configured
including nozzle unit 32, liquid supply device 5, liquid
25 recovery device 6, liquid supply pipe 31A and liquid recovery
pipe 31B, and the like. Local liquid immersion device 8 fills
liquid Lg in the space between tip lens 191 and wafer W by

nozzle unit 32, so that a local liguid immersion space

(equivalent to a liquid immersion area 14) which includes the



20 that neasure positional information of stages WST and MST, an
encoder system (to be described later) that is used for neasuring
positional information of wafer stage WST on exposure or the like, a
stage drive system 124 (refer to FIG 6) that drives stages WST and
MST, and the like. 250n the bottom surface® of each of wafer stage WST
and neasurenent stage MST, a noncontact bearing (not shown), for

exanple, a v a-rr?ﬂ egél%gdat%&)&e @@rfﬁflﬁﬁdiizge%@iic{n tleiaékiﬁglﬂ Eﬁ?g ernatder,

referred to a "air I's arrange a plurality points.

Vafer stage Weleandhnigasunen®nt shages2 26 Mo &L 194PROT 1 di d Nrfersion
noncont act manner via a clearance of around several pm above base

board 12, by sisdd cfqfessitre mdmfesstird zeshtd indiad nendd OWooUta
fromthe air pad toward the upper surface of base board 12. Further,

st ages WST antbrM8nesnearte nemependednloj dgnitedllye enpewt- difmdosiadndliquid
directions, which are the Y-axis direction (a horizontal direction of
the page Surflageesfiqr devitceaRd fht s ke digtedeiash paAzéet Hogbndd may

(1 he' XY pl andyL P b 17 8y SHOESRSD AF T iof & Sk f'fﬁa%‘a,emeon
fl f ac Sh in_th I ' in Fl. 2 [ Y-
Ctators 56 and P RUTChATRGET AU Ehe TG eREE OB BPoos B8 ok bigHas
tat or 57 & Y8 CeiGit &Pe reSpects
Pace boar d 13”1 bacwgen ay. 2y <o S P A 4o ena e aPl EE g R dxgme

of, 15 for examHe: tAzNRg5eddSa PPt € Uint thBabal ACHN at €% ,ain the case
per manent nmagnet group that is nmade up of a plurality of sets of a

north pole magnretecanicbra w0t IPpalse swgRitddan & syaerkdistiite as is

predeterm ned di stance and alternately along the Y-axis direction. At

Y-axi s st at ordes88idedl &4ty ,Yreod =l arovdrts B2 2y aldBhe angpptomied in

Y-axis novers 83 and 85 are respectively arranged in a noncontact

engaged stat & SMFPSONEA @bRES, 1nbegryl bxivw! Howargegriogqungs Bid l8s in

;Pa;?gagtg{gﬁh%%%aikgége%%,bgbg%l%nﬁgggegZIEstgﬁkégggg gf%f%@%éurement
frame that is supported in a suspended state independently

15 fromprojectionunit PU. Inthis case, projection unit PU does

not have to be supported in a suspended state.

Incidentally, also in the case measurement stage MST is
located below projection unit PU, the space between a
measurement table (to be described later) and tip lens 191

20 can be filled with water Lgq in a similar manner to the manner
described above.

Incidentally, in the description above, one liquid
supply pipe (nozzle) and one liquid recovery pipe (nozzle)
were arranged as an example, however, the present invention

25 1is not limited to this, and a configuration having multiple
nozzles as is disclosed in, for example, the pamphlet of
International Publication No. WO 99/49504, may also be

employed, in the case such an arrangement is possible taking

into consideration a relation with adjacent members. Further,



whose XZ sectional surface has a U-like shape, and are 25 severally
supported in a noncontact manner via a clearance of, for exanple,
around several pmvia the air pad (not shown) with respect to
correspondi ng Y-axis stator 86 or 87. Each of Y-axis novers 82, 84,
83 and 85 is conmposed of, for exanple, arffarmature unit that

i ncorporates armature coils placed at 28 a predeterm ned di stance

al ong the Y- ?gies chJ&Cté-lﬂrfac-@%f irﬁ:zélré Hﬁgﬁ@%a@fﬂ}e{ (?P{L'agfgdsnél%\éﬁrpt%e

82 and 84 ma up of the armature units an -axis sta

of the magnetiia RObEaHBI fnxNSHEEUEECHRY NG GOFL L] HIEH Yo 9XES] bh RRRN cal
notors 5 resplectﬁﬂél?/. S(Itmm larTy, Y- caixi syrmvers 5% an%l %géanclj Y[&S%ilsca

stator 87 constdtidit @LNPNEtRGr Cthidn thHee oXtawi gl pIeds JOtapSlens 191, or,
respectively. In the follow ng description, each of the four Y-axis

| i near not or sirdestiditied dlvovidd pteferlr gohttho cefs theY-imege Ipleesr w0
82, a Y-axis linear notor 84, a Y-axis linear 10 notor 83 and a

Y-axi s |ineartifotlensss He medwedf iqwiatd arhe s athe e ftéree e icedepagdh on
their novers 82, 84, 83 .and 85. . .Movers_ 82 and 83 aof two Y-axis
li near not or $T2CBAGCEP IR BLoeIRF FOBrLoRSak? s 1S Aese fdilsicsvakk 11quid
respectively fixed to one end and the other.end in a |ongitudi nal
direction of © k& %(Tgxfjge t at eé??:'trhtatlse§?8ﬁd§n¥nc?rh€l 1L5f4on can be

direction. F r f_ 1. r LNj Yr axi

l'i near notor slér“?}%rg‘neéﬂgé%a?gﬁ i?%gtl?éso %n%&l_rebﬁgaaggbt %@19%% e? le%éh’(?ﬁ T
X-axi s st at onedlddiptopXt@ndsidrbdhe piyaxiendi et iion.+ R Al 19lohd
X-axis stators 80 and 81 are driven along the 20 Y-axis by a pair of

Y-axi s |imearcomitditsitihpnto32cidna opaiikcadf s¥saxinSPLi agarwabéorg. 84 or
and 85 respectively. Each of X-axis stators 80 and 81 is
conposed of , exampdxeanphe, lamyuardreitmires it mtelvdta riiraro rdicrcdtosse darimattlree
coils placed at a predeterm ned di stance along the X-axis direction.

25 One X- axi PEPRIGE, oX- BaternehionaBPulsl natdmyedo-nva 294 L0 93955, or

Dol 10 SeTt S NahopenLng (ol Shown), fouTed 8, SRS UL csene

part of waf chugtage BT plB3d5Llg ABSN NBPLY 298 JRLD SEUIN Hheo
15 the exposure apparatus of the embodiment.

Referring back to FIG. 1, stage device 50 is equipped
with wafer stage WST and measurement stage MST that are placed
above a base board 12, an interferometer system 118 (refer
to FIG. 6) including Y interferometers 16 and 18, and the like

20 that measure positional information of stages WST and MST,
an encoder system (to be described later) that is used for
measuring positional information of wafer stage WST on
exposure or the like, a stage drive system 124 (refer to FIG.
&) that drives stages WST and MST, and the like.

25 On the bottom surface of each of wafer stage WST and
measurement stage MST, a noncontact bearing (not shown), for
example, a vacuum prelcad type hydrostatic air bearing

(hereinafter, referred to as an "air pad") is arranged at a

plurality of points. Wafer stage WST and measurement stage



29 unit, which has a permanent nmagnet group that is made up of a
plurality of sets of a north pole nmagnet and a south pol e nagnet

pl aced at a predeterm ned distance and alternately along the X-axis
direction, is arranged. This nmagnetic pole 5 unit and X-axis stator
81 constitute a noving nagnet type X-axi £ 1inear notor that drives
stage main section 91 in the X-axis direction. Simlarly, the other

X-axis statongpXad $ MeBAn 8§ AbhARHARYct MmAnRLal €1 9fs R8I ance of

i
inserted in an opening fornmed at a stage main section 92 (not shown

in FIG 2, ref@unkd se@ela® uh) abbab $98StHIdNELI29 B b+ of i FBASIE QRN £
stage MST. Inside the opening of stage main section 92, a nagnetic

pol e unit, wrmdsdusrisdad ladir tbathies negnet batpdrem whd adr phe v@f€£rd the
stage WST side (stagemain section 91 side), is arranged. This

magneti ¢ pol a&nR¥n sawd axearifsbasatiorasd Lhnsfturthera sbagag UST rghetST
type X-axis linear notor that drives neasurenent, stage MST in the
X-axi s di Pectdt$h.independqnt sl eiiiddisreiit  twarchiems gl rblsre ot ars
descri bed aboye that constjtute stage driv stem 124 is controlled
by i - cont PEVICH 256 SHow T AL S 1PRe| ARGt HaEhTo8 CEPReE Che
nmotor is not Jjju ' e t.he., npyi .magnet t r..the
novi ng coi l #%%%%gggﬁggﬁghiggééq'aﬁgéﬁﬁg%%pgé%ggvlﬁgﬂgeréﬁggéggéogonal

needed. ; j 1 tal | i rust rc SEeVer, ;
di A {08 tR levee B%ggaghQQaEg ystptar f§§§gé?£?%§é%§ﬁﬂ%?ed

generated by a pair of Y-axis |linear notors 84 and 8
different, aplaWegtHOWY [Iraiat, Qj;,rcu@njé tadive thiested dizection) of
u

waf er stage WST can be controll ed. rther, by making thrust
f or cessever al | ygen&wabedbyapaipeafiYiaxi snld déaprnotof sc82 eandh8@nben the
slightly different, a yawi ng anount of neasurenent stage MST can be
control l ed. P3@n view inBf@r 2stagaivBIt Ynekddes: ateaye s reind 82ctitemding
previously described and a wafer table WIB that is nounted on stage
mai n secti on %1 th@afepxdsbré roFBiandaseagespar i getyi R oad e Fiaaide
driven relat ia\I/’led tt%eb%sc%egoa}sri%elananc%e X~-axis direction with base board
12 in between. Y-axis stators 86 and 87 are each composed of,
15 forexample, amagnetic pole unit that incorporates a permanent
magnet group that is made up of a plurality of sets of a north
pole magnet and a south pole magnet that are placed at a
predetermined distance and alternately along the Y-axis
direction. At ¥Y-axis stators 86 and 87, two Y-axis movers 82
20 and 84, and two Y-axis movers 83 and 85 are respectively
arranged in a noncontact engaged state. In other words, four
Y-axis movers 82, 84, 83 and 85 in total are in a state of
being inserted in the inner space of Y-axis stator 86 or 87
whose XZ sectional surface has a U-like shape, and are
25 severally supported in a noncontact manner via a clearance
of, for example, around several um via the air pad (not shown)
with respect to corresponding Y-axis stator 86 or 87. Each

of Y-axis movers 82, 84, 83 and 85 is composed of, for example,

an armature unit that incorporates armature coils placed at



5 X-axis stator 81 in the Z-axis direction, the ex direction, and the
e y direction by a Z | eveling nmechani sm (not shown) (including, for
exanpl e, a voice coil notor and the like). Mre specifically, wafer
table WIB is finely novable in the Z-axis direction and can al so be
inclined (tilted) with respect 10 to t he 38 pl ane (or the inmage pl ane
of projection optical systemPL). Incidentally, in FIG 6, stage

drive syst eméﬁﬂe&été?ﬁ%eh'&ﬁ%ﬂ& §§8H?§E‘;§1§?9a£' Deal JMLQLS apf,the;,

Z-1 evel i ng mechani sm descri be ove. Fu , wafer table WIB can

al so be confiiguratk fand s manable-d:1 Atnd-wasd e dhen8aXs .0l he
the Y-axis, and the ez directions. On wafer table WIB, a wafer
hol der (not stwhurdainite dsidvafaxki¥W byavacudm sadei of of dHe nadeetic
is arranged. The wafer holder may al so be forned integrally with

waf er table \BFBe bnit rearad idmiedimeening tded wdfvare Woladdrs dridiewaf erotors
table WIB_20 are separately configured, and the wafer holder is fixed

i nsi de a ?ecdSSREFortaloh of imaderlyabY ca¥¥B NI L e:83pnd, 8hyanddnasis
suction or the like.. Further, qn the upper surface of wafer, table

WB, & plat e SR & S8 et mea TR Gal i oT A ari e fReors

sriscs 1 St SO S AL 8 P

surface of a wafer ed On i ch

repel l ent pracessingimekh nroec%qeocaegeﬂbﬁaia%o% b 8 R ored, J ﬁ gtaaxis

rectangul ar outer shape (contour), and has a circular opening t IS
fornmed in thaieRpiremdrt i) and ki i1ghtdar hyt@ar shan whe waf arinear
31 holder (a nounting area of the wafer). Plate 28 is nmade of

mat eri al 30w ot B8 eoef fa di-enti sofl itrkarmado texp @IS ia@n nesdiehl , asising the
gl asses or ceram cs (such as Zerodur (the brand nane) of Schott AG

Al 203, or Ti €pmeameferanee sindesc@ofthsliat end@r=a &, iSui B3 eal 18Nt
filmis formed by, for exanple, fluorine resin materials, fluorine
series resin materMaVeTsu8l ardpd? lettvsr Kogrdet hyneas paeprpmp2 and 83

(registered trademark)), acrylic,resin materjials, or silicon series
o’ ot or | S0 SRuFTReroRE Y erEiR THIat DG ST aREC R kg
(wafer 10 st age ﬁ%T% hnaﬁh héAb Hé%t ngs'ﬁégl%nIgﬁﬁ}ﬂﬂé%“é%rection of
repel l ent area 983 whose outer sﬁape %con%our) 'S rectangul ar

encl osi ngsa Gy 8301 ORGHNG, W%rfatsmolg q]lﬁ dd{dee@@uﬁgt taﬁfr%%t%%%.

that has a rectangular franme (annular) shape placed aroun e first

l'iquid repel [Fefichirgamd@arsM4téed fdy eif khaukdmddniggethent-ar0a 138dar
for exanple, at the time of an exposure operation, af |east a part of

a liquid i mmercgicars @deantd sthatrd §ipreat riadethef reo tanel el acdeaf anfte of
wafer is formed, and on the second |liquid repellent area 28b, scales
(grating sectnoi-axdrs atadrrooddr thadt emt(arglshe rdddey iXredk isatddme crien .
formed. Accordingly, X-axis stators 80 and 81 are driven along the
20 Y-axis by a pair of Y-axis linear motors 82 and 83 and a pair
of Y-axis linear motors 84 and 85 respectively.

Each of ¥X-axis stators 80 and 81 is composed of, for
example, an armature unit that incorporates armature coils
placed at a predetermined distance along the ¥-axis direction.

25 One X-axis stator, X-axis stator 81 is arranged in a
state of being inserted in an opening (not shown) formed at
a stage main section 91 (not shown in FIG. 2, refer to FIG.

1) that constitutes a part of wafer stage WST. Inside the

opening of stage main section 91, for example, a magnetic pole



20 Incidentally, at least a part of the surface of plate 28 does not
have to be flush with the surface of the wafer, that is, may have a
different height fromthat of the surface of the wafer. Further,
plate 28 nay be a single plate, but in the enbodinent, plate 28 is
configured by combining a plurality 25 ofé%l ates, for exanple, first
and second liquid repellent plates that correspond to the first
l'iquid repel l.ent, arga d.Liquid I
respectivel y.LﬁjlﬂLnt't r@ﬁeﬁﬁg’ﬁgngn??%é?%%@a{“ébﬂig? 8%§§Sa{.§ﬁ%q€% ﬁ%gglsp ot
i s described abovgaland, releher er Bengkoaf b81etREghét Sdnd i AWdhth pole
repellent 32 area 28a and the second |iquid repel?ent area 28b are
al so referreddaneas plddadtatwad eirddapad ineime Pl it £ 205 ad & seately
water repellent plate 28b. In this case, exposure light IL is
irradi ated t ®@tdrey Shiei Ksaxhwat @t reepiedh enits plrateag2gia ofihihendgmeric pole
side, while exposure light IL is hardly irradiated to the second
wat er repel | éitltplaftd 28ixigh sttt wut®r Rt itelle iy RV NG awagrief Fype
consideratio in, tﬁﬁ enbodi nent,. a f(%r,st water repellent area_ to,
whi ch water regett® “@%mHES’FnEh%f FEyentShads Sedncecedieg 21 in the
exposure light_ 1)L (Light,. in a vacuumultrayiolet region, I his. _._.
case) is applr}% & Jisgdf‘glre%‘ °Bn t ?%E%?Ja%@%éte ?E}ée?’%?&xj\ﬁa Q?EOI’ X-axis
repel | ent pl - t epel i r
apel lont coat Tk a8 eafzfaRand R SarBE il PhElrt oA R Mt
first water repeldent ar&eads Rl sedtian s2f pioednd he susf ace Qfrer
the second water repellent plate 28b. In general, since it is
di fficul 10t o apEilE.wal ethaepsdd it ciosd hpeirtgosuhds s eateie S SAPNOST.
to exposure light IL (light in a vacuumultraviolet region, in this
case) to a gllassids &he, openingedf exsttdoe nadsepatdoa BhAe avatagnetic pole
repellent 20 plate into two sections in this manner, i.e. the first
wat er repel | éftitpl ¥héchghs annikar decbha Megeetieptlennif anetipgyater
around it. Incidentally, the present inventign is.not limted to ,
this, and tm&%@%fgﬂ\ﬁa é%tggﬁawn%e%%?n%%l%be igi3teangRd. This
resi stance tq _expasure light.lL y..al.so_be, appli 25 an .t he upper_,
Gurface of  RE GRS Bete  hisr Bl ¥3oRopns tAESF | T2 pter el Paiing
area andq the Qﬁlc&d - 1 [ ; ' f
wat er re%)fél I é[%rft coa{'pﬁ%?{ b%%%&l@%&%g?ﬂg ﬁ%ﬁ;?&;%@gﬁ%é\}hﬂ%%tage
repel l ent aregs: iFor-mXamy:8,s iilpeaneater repellent area nmay al so
be fornmed on the same

In the embodiment, each of the linear motors described

above that constitute stage drive system 124 is controlled
by main controller 20 shown in FIG. 6. Incidentally, each
20 1linear motor is not limited to either one of the moving magnet
type or the moving coil type, and the types can appropriately
be selected as needed.
Incidentally, by making thrust forces severally
generated by a pair of Y-axis linear motors 84 and 85 be
25 slightly different, a yawing amount (rotation quantity in the
Bz direction) of wafer stage WST can be controlled. Further,
by making thrust forces severally generated by a pair of ¥-axis
linear motors 82 and 83 be slightly different, a yawing amount

of measurement stage MST can be controlled.



33 plate. Further, as is obvious fromFI G 4A at the end
portion on the +Y side of the first water repellent plate 28a, a
rectangul ar cutout is fornmed in the center portion in the 5 X-axis
direction, and a neasurenent plate 30 is enbedded inside the
rectangul ar space (inside the cutout) that’is enclosed by the cutout
and the second water repellent plate 28b. A fiducial mark FMis
formed in the cent in t OREH i ] rectj.o f r t
Waf’le']: J’ﬁg'e MR Liq{d]%iet% bsft%c_{ﬁr%afln LT

plate 30 (on a centerline LL of wafer a and a pal r of
aerial imge gRAsH BNt Sddd i A RS Sla e {8 TR dii) tﬁiai'ywtﬂd%'gded

pl acenent with respect”" to the center of fiducial mark FM on one si

and the ot herorsigteagen niatin et Sorli 91ect WaFeef thibdeciall Bmkk stlgeAmain
each of aerial inage neasurenent slit patterns SL, an L-shaped slit

15 pattern hadagigiasi dbs atongindley mkie digledtion andaéeaticeard 12 and
direction can be used, as an exanple. ' ~Further, as shown in

FIG 4B, at X ataqoggsIingn gg@t?oﬁxw@wg%hom ez i dimapgion,
nmeasurenment sli atterns SL, an L-shaped, housjng 36 in which an
optical syst e%ﬂ%%@oﬁt di ARG CEACBLPECE Gel $ERSING TRGhRLSY (tgphown)
| ens and t he 'ke_L

. is h d i t t.ached | tiall b d st.at
penet rati ng. t P BRI Parto i T T e D et TR WIS P Srgs -
pai 1 of aeri AT oma Reasr ot it 2 BaltEr he S CBF TR A Hhe

omtted in theArawigection andl®8n @RLIcGA 8%t 8RW NSi deeNOUSEAT 3D ect
guides illumnation light IL that has been transmtted through aerial

i mge nmeasur exethe Y plpast@rtisd igawawslhd baP abEMe 08Pt @bzl system
L-shaped route and emts the light toward the -Y-direction. 34

| nci dent al | y,PLi)n t Becfidehowildg,des ¢licht borgtadee daptecay s tsams tl@mh i nsihden
housing 36 is described as a light-transmtting system 36 by using

the same ref éfeHddlidsdeam Wiusimy 13edagr Mot walend ftheo iralfiericiag

mechanism described above. Further, wafer table WTB can also
be configured finely movable in at least one of the X-axis,

15 the Y-axis, and the 6z directions.

On wafer table WTB, a wafer holder {not shown) that holds
wafer W by vacuum suction or the like is arranged. The wafer
holder may also be formed integrally with wafer table WTB,
but in the embodiment, the wafer holder and wafer table WTB

20 are separately configured, and the wafer holder is fixed inside
a recessed portion of wafer table WTB, for example, by vacuum
suction or the like. Further, on the upper surface of wafer
table WTB, a plate (liquid repellent plate) 28 is arranged,
which has the surface (liquid repellent surface)

25 substantially flush with the surface of a wafer mounted on
the wafer holder to which liquid repellent processing with
respect to liquid Lg is performed, has a rectangular outer
shape (contour), and has a circular opening that is formed

in the center portion and is slightly larger than the wafer



5Mor eover, on the upper surface of the second water repellent plate
28b, nultiple grid lines are directly fornmed in a predeterm ne pitch

al ong each of four sides. Mre specifically, in areas on one side and
the other side in the X-axis direction of the second water repellent
plate 28b (both 10 sides in the horizontail direction in FIG 4A), Y
scal es 39Y1 and 39Y2 are formed, respectlvely Y scal es 39Y1 and 39Y2
are each Comﬁﬁ%’e fnﬁ{unetx_l. a%e EEQCR'FEE'%:CQ"M%EQ{:%%@ is made of

diffraction gratlng) ahaV| ng a ériodic dirtection in

di rection in ks Oird qzllﬂm%s 13& eagwgciaﬁtl Qﬂ%ﬁélﬂhélﬂe:&?ar%f&{lt IQfth
in the X-axis direction are fornmed in a predetermned pitch along a

direction parsd lgladsed ke Yeatins ccY-(8%ch dkrestb@i). (the brand name) of
Simlarly, in areas on one side and the other side in the Y-axis
direction of Sdi®tgedehd Alafer arptEld)entanpl ahetB8bs@0fébet bf splketse id8, a
the vertical direction in FIG 4A), X scales 39Xl and 39X2 are forned
respectively. llﬁ@éhréﬁeé@mtaﬁidﬂsgﬂi%ﬂ@dé%th fesrpoyel ©f flherine resin

exanple, a reflecti ve grati 1’%{]? . diffraction grating) having a
periodic di r GO IIP 1 Hel YRt Soﬁl?ﬂeecft 6t T W S FYGhesS 37

h he | 25 di | di
or mod in o DTS TP B EN S Bhgl T Pt ik PAHTT 1 T )

X-axis (X- aXIa%fvth%Turle%&)n At 83GH $Of hglff%xﬁs ﬁ%@ %&{Jﬁm rf‘PadceerLi%ls

of a reflectiv raction gratlng

created by, Rl JHRLAOHHND, 1tame vildhe AN ¥R S WA wz?BS @ater
t he second wat er repel | ent plate 28b is used. In this case, each

scal e hasogr attiags wsade iuprDE . ném ) @ M 0B, hgkoavesrot ITiwuid kegdiatent
are marked at a predeterm ned distance (pitch) as graduations. The
type of diff rractd 8Ragratsmguisedshapeegumtowcalie recoabghlar teedl carichy
not only the diffraction grating nade up of grooves or the |ike that
are mechani cal 19 Fovped odsutirgd sand ¢ g.igqHel diefaldarntomrea 28b
grating that is created by exposi ng |nterference fringe on a

phot osensi ti V& &tediat fay W WY 2 THIGRRS: |, (3048H &0aldaRe dHlesesh agpund
AL R
o ot SR S ese OB ARGyl Lk 16 R fhopue
the pitch of Jha-griald Ngtl Se880VW JMGN W Heri quid immersion area 14 that
is protruded from the surface of the wafer is formed, and on

the second 1iquid repellent area 28b, scales (grating section)

for an encoder system (to be described later) are formed.
20 Incidentally, at least a part of the surface of plate 28 does

not have to be flush with the surface of the wafer, that is,
may have a different height from that of the surface of the
wafer. Further, plate 28 may be a single plate, but in the
embodiment, plate 28 is configured by combining a plurality

25 of plates, for example, first and second liquid repellent
plates that correspond to the first liquid repellent area 28a
and the second liquid repellent area 28b respectively. In the

embodiment, pure water is used as liquid Lg as is described

above, and therefore, hereinafter the first liquid repellent



.15 in FIG 4A than the actual pitch, for the sake of conveni ence. The
sane is true also in other draw ngs. In this manner, in the
enbodi nent, since the second water repellent plate 28b itself
constitutes the scales, a glass plate with | owthernmal expansion is

to be used as the second 20 water repellé%& pl ate 28b. However, the
present invention is not limted to this, and a scal e nenber nmade up
of a glass pl i ] t her i i

grating is fo%ﬁ%d%n%%%ioé%ev%%er{dp \(I)i;ll e({rﬁ;lpeﬁﬂ:egﬁf %&e@of%%eaalso
table WIB, byrerd¥raic tePhbng (idstVacuum sactl 08)t @1 dthe Jaikeng0s aednd
to prevent |ocal shrinkage/expansion. In this case, a water repellent
pl ate to whi clatidre gl vaiterp repeldsmt coat is applied on the entire
surface may be used instead of plate 28. O, wafer table WIB may al so
be formed by a | owIrhétnsl cgsansixprswteerliigiht did lisn isushliateaseo ahe
pair of Y scales 36 and a pair of X scales may be directly formed on

t he upperSsurffigdd ofatif gicrelantwkB.ate 28a qmcdihfentriiey,side orderle

to protect the diffractiqn grating, it is alspo effective to cover the
arating vi t h SYRSSUS 45 Hh ol lni‘eh HR TS FHAiee G |6t ferdone water
expansi on tha |i.qui.d. re | ency. In.this, case,, the thjicknegss af
the gl ass pl aeé{gﬁéernte %%5 e,Bgflosorf %%ﬁe SHEthSel‘g?-asEaBﬁl&ge%%ss ?C%nmto

the upper Surécﬁ‘fé%égﬁ]at’ﬂ\el\?ar}’yaiﬁrtﬁ Qﬁﬁoggﬁeﬁe tahfir%h%asclgrf §8§eh§e§£ area

the sane height as the er surface. erefore, e 10 di stance

bet ween the s fiaGeH sihsdardplnerdd usthtvindvithe dimeiciid a3 i@ftance
waf er stage WST in the enbodi nent) of wafer Wheld (nounted) on wafer

st age WSI0andd l&pgrsatieng igtitf dte (i ghheiscalwaduur el tZzaxislet region,
directionis to be Imm Incidentally, a |layout pattern is arranged

for deci di ngitbthhe catal ilseappdiitdohs fetnweeh cant eacodeiadwead dnel fa rst
scal e near the edge of the scale (to be described later). The |ay out
pattern is cotifieguregefliemtgPildtei %8, t3nd shaeeonarf fekehtrepellent area

reflectivity, an%,vgggn t he encogir head scans the pattern, the
intensity of Th&gGpletErghaPeof e PheCRAE R IRA LanCeHd sxpasure

2,Lhreshold value, b SEfEBARY DR SIANd. 20408 PO LA WIS oo
CeLectetis 1A, ARCLebRLLNE AUELLAPDEENESRCLig SOEOUToleP L oce
enbodi ment, R COAt Hehkeh120s6aRc0B%aLR WREFficult to apply water
repellent coat having sufficient resistance to exposure light
IL {(light in a vacuum ultraviolet region, in this case} to
a glass plate, it is effective to separate the water repellent
20 plate into two sections in this manner, i.e. the first water
repellent plate 2Z28a and the second water repellent plate 28b
around it. Incidentally, the present invention is not limited
to this, and two types of water repellent coat that have
different resistance to exposure light IL may also be applied
25 on the upper surface of the same plate in order to form the
first water repellent area and the second water repellent area.
Further, the same kind of water repellent coat may be applied

to the first and second water repellent areas. For example,

only one water repellent area may also be formed on the same



di spl acenent of wafer stage WST in directions of six degrees of
freedom (the Z, X, Y, 8 z, 8 x, and 8 y directions) in the entire
stroke area fromthe neasurenent results of interferoneter system 118
(refer to FIG 6). In this case, 37 interferonmeter system 118
includes X interferometers 126 to 128, Y fthterferoneter 16, and Z
interferoneters 43A and 43B. To the -Y edge surface and the -X
edge surface ofywafer table WIB, mirror-polishing is applied,
respectively,” and a 5 reflection surface 17a and a reflection surface

17b shown in FIG Zat@Qr BBdi s Bibwsierey ahrby Freadimt iaRdt88 end portion
interferoneter beam (neasurenent beam) to reflection surface 17a and

reflection sunfate ¥hb sintk reCeind Nty st efd et etkgd dhdntofpleach d8ama
Y interferometer 16 and X interferonmeters 126, 127, and 10 128 (X

i nterferonet asstErgulad 281taret nict Showved iin AMG degntresf grottold®l Gn Dhe
that constitutes a part of interferoneter system 118 (refer to FIG

6) measure aXMpIRELRBAEION, eache repEEEreR tovkd e 8 OtirpRiBeddedrinside

o exton e e A T R B B St e
surface), th ?11 out nc\ah for ocp “ﬁa o fer eslt 298 \altgﬁ_ate tzhéb A
and posi a t'ha

t he XY pl ane 1'on OF rrat 10N Heen nedsured

supplied to maigyoont %&meFMZQS fékﬁéﬁafHﬂQﬂg'egﬂ£era§n'%h%ﬂ#dn&%%udlnal

described | ater on, as each interferoneter, a nultiax

i nterferonet Qflﬁdﬂﬂildiﬁ@f&néﬁsuﬁérhéﬂt? aRASOI RFEAtcdes 1 Sndlsedo MildFer
an exception for a part of the interferoneters. Meanwhi l e, to

t he sidel8ur ftatd eoMTHIg - iadeaifr stfagemaln isesid orealremanty addl i
mrror 41 having the longitudinal direction in the X-axis direction
is attached \naé;tasnnméhﬁma:f%mgdplpbatsym@mcsm Pleceseomnyjtlhagespect
shown in FIGS. 1 and 46. air of Zinterferoneters 43A and
43B (refer t &8s cendsd of ffhﬁta%éﬂaf mgakeEMaorba@r@eo?rlcﬁwaéM difgmettéer

yStem I8 (Sl b0 FLG, ) Pl 1o Rase RS PTEN, BRI 00 o o
aerial image measurement slit patterns SL, an L-shaped slit
15 pattern having sides along the Y-axis direction and X-axis
direction can be used, as an example.
Further, as shown in FIG. 4B, at the wafer stage WST
section below each of aerial image measurement slit patterns
SL, an L-shaped housing 36 in which an optical system
20 containing an objective lens, a mirror, a relay lens and the
like is housed is attached in a partially embedded state
penetrating through a part of the inside of wafer table WTB
and stage main section 91. Housing 36 is arranged in pairs
corresponding to the pair of aerial image measurement slit
25 patterns SL, although omitted in the drawing.
The optical system inside housing 36 guides illumination
light IL that has been transmitted through aerial image
measurement slit pattern SL downward from above along an

L-shaped route and emits the light toward the -¥Y-direction.



38 specific, as it can be seen when viewing FIGS. 2 and 4B together,
novable mrror 41 is designed so that the length in the X-axis
direction is longer than reflection surface 17a of wafer table WB by
at least the interval of Z interferoneters 43A and 43B. 5 Further,
novabl e mirror 41 is conposed of a menber’%having a hexagonal
cross-section shape as in a rectangle and an isoscel es trapezoid that

have been i ntiegriaf My rars RYld UGS, j ]Ottq e f%pcq

the -Y side of r%bvéggﬁae r‘?i;'rr(?r 41, an(r}gjt lreggggeéi‘ﬁeﬁcel ti (%SLF?#%C_ S Af%[)l
4l1a, 10 and 4lewneiheifBthousing 3Refs efdd il Eace 14k tCcoHan@uli®% ing
the edge surface on the -Y side of novable mrror 41, and reflection

surface 4la isygmnaldlieebytwsihe e pane raferahse extends housheyg 36 for
X-axis direction. Reflection surface 41b configures a surface 15

adj acent to tthe 2k de gforredfriegtdeon surface 4l1a, and reflection
surface 41b is parallel wth a plane inclined in a cl ockw se
direction®in FIG 2XBTsev&ipr Ofet&eniumddrasgird afiet BT &fgesecoad Watrz

pl ane and al so extends in_th -axisdjrectiaon. Reflection surface 41lc
confi gures arﬁ%%aﬁﬁgéngfgg’(o et sl e Brdidydines, 2F ¢ st S frzded

41a, and is arran % t.rically . with reflecti urface, 41b, wth
refl ection sg'rnf %c%er Pz?(tl Er%f;[blé]te elﬁc.Ch alonqueaict% c?% élrseséLrgevﬁTenmore

view ng Fl Gs-spjec,al@lczc\ltlgﬂeriﬁeééegsi B &5 £TONRS ey éﬁé @‘E'ﬁ?fg’&@é &n icéle

pl aced apart On one sidé 25 and the other side o Interferoneter

in the X-axi x-gidiecHip8caion cUBEEHU I Watauate i SIaNCS13RE 28 (both
positions slightly lower than Y interferoneter 16, respectively.

From each0 of stihlesZinntieflkooiedetsl ARik-anich 3B n agcshamw ,i v ft&led, 3%y,
measur enent beam Bl along the Y-axis direction
and 39Y; are formed, respectively. Y scales 39Y; and 39Y; are
each composed of, for example, a reflective grating (e.g.
diffraction grating) having a periodic direction in the Y-axis
direction in which grid lines 38 having the longitudinal
15 directioninthe X-axis direction are formed in a predetermined
pitch along a direction parallel to the Y-axis (Y-axis
direction).
Similarly, in areas on one side and the other side in
the Y-axis direction of the second water repellent plate 28b
20 (both sides in the vertical direction in FIG. 4A), X scales
39X: and 39X; are formed respectively. X scales 39%; and 39X,
are each composed of, for example, a reflective grating {(e.g.
diffraction grating) having a periodic direction in the X-axis
direction in which grid lines 37 having the longitudinal
25 direction in the Y-axis direction are formed in a predetermined
pitch along a direction parallel to the X-axis (X-axis
direction). As each of the scales, the scale made up of a

reflective diffraction grating RG (refer to FIG. 8) that is

created by, for example, hologram or the like on the surface



39 is irradiated toward reflection surface 41b, and a neasurenent
beam B2 along the Y-axis direction is irradiated toward refl ection
surface 41c (refer to FIG 4B). In the enbodinent, a fixed mrror 47A
having a reflection surface orthogonal to 5 neasurenent beam Bl
reflected off reflection surface 41b and ¥ fixed nmirror 47B having a
reflection surface orthogonal to measurenent beam B2 refl ected off

fl i | . . He S ayi
reflection syfage 4l ﬁa@EE?eI%?éjlleerﬂf: 18XLessl) E% hdedne 7 Af{ﬁ%% SERLY

direction at a position distanced apart from novabl'e mrror
- Y-directiongkdh ts\caqepm%@et;%miﬂ%ﬁ, flhgbangect Mmar st wher Q;Brtzcﬂﬁfes or

fixed mrrors do not interfere wth neasurenent beans Bl and
Fixed mrrorss/AixedtAdB are rslppad taeda poedexanpl fedyi dthenSanitch)
support body (not shown) arranged in the frame (not shown) which
supports projecgicaduahionPl. Theitgeet @f i f f15 ctilxaedgnit ing sisédAfandach
47B can be arranged in the neasurenent frame or the |ike previously
descri bed® FlGH& 15 mathd i@iged -mand nadvaslly dihe o frashiiong axatdag
refl ection surfc%ges 4%b, 41a, and 4}_110 and f%xed mrrors 47A and 47B
wev 8 rft F

were arranged® ITARVDP it Avéfit FBATI TRdIe TR, 1Y Eogmed,

his, and f e, fi tj on,i.n_which bl e . mi

havi ng an | ndlinatoSario EXaEY8" ddif Sdd B S e PR At DAY THE fef geTeated
f f > . > . . .

surface of st nggggggaggfr{pt}%;feeggeﬁé@ £ ifigeedn thrc?gangh@ﬁ% APOVE nay

waf er stage \ I'n this case, fixed mrror can
be arranged ige theEuppekvEedy cAEaViseHskY 1358e86EHPeY Rk rikAnkhehe
measur enent frane. Y interferoneter 16, as shown in FIG 2,

i rradi at 88 neasithertenin e cBdilf finde Bidn aratehlgect doaxsmplace nidaiafch
waf er table WIB al ong neasurenment axes in the Y-axis direction spaced
apart by an épfaleadi St38moe too duhe £Xrsedemphd, t Aepidcliae Fyuromn 40 thin
straight line that is parallel to the Y-axis which passes through the
proj ection céditede cbpPredlasss AReseperles FFacoversd pibhedhe daquid

ot cal system Bl and .t ecelving eaqh refl agted |1 gty detgets, the
Incidentally, the pitch of the grating is shown much wider
15 in FIG. 4A than the actual pitch, for the sake of convenience.
The same is true also in other drawings.

In thismanner, in the embodiment, since the second water
repellent plate 28b itself constitutes the scales, a glass
plate with low-thermal expansion is to be used as the second

20 water repellent plate 28b. However, the present invention is
not limited to this, and a scale member made up of a glass
plate or the like with low-thermal expansion on which a grating
is formed may also be fixed on the upper surface of wafer table
WTB, by a plate spring {or vacuum suction) or the like so as

25 to prevent local shrinkage/expansion. In this case, a water
repellent plate to which the same water repellent coat is
applied on the entire surface may be used instead of plate
28. Or, wafer table WIB may also be formed by a low thermal

expansion material, and in such a case, a pair of Y scales



5 the Y-axis direction (a Y position) at the irradiation point of
measur enent beanms B41 and B42. Incidentally, in FIG 1, neasurenent
beans B41 and 642 are representatively shown as neasurenent beam B4.
Further, Y interferoneter 16 irradi ates a neasurenent 10 beam B3
toward reflection surface 4la along a meafurenent axis in the Y-axis
direction with a predeterm ned distance in the Z-axis direction

spaced betwe ‘%?Pd'f B42 acq.Tq | Vi

nmeasur enent Edehadn:%g?grle I ectxgg of‘ Té%f]erﬁaiggotl on sur a}gle/forﬁge,ed é;en?gcc % &
Y position ofgyefdectdonsted acsilaydd(nore specifically wafer stage
WST) of novable mrror 41. Main controller 20 conputes the Y
position (or to be murieigutedilss, it sHREeMNMYddt the WiPfrsction
direction) of reflection surface 17a, or nore specifically, wafer

tabl e WIB (wafmrtigtgage t BT p 1 sobaSkek tiveat caverag e head et biig tieh a glass
measur ement 20 val ues of the measurement axes corresponding to

nmeasur emeft 6UL harfd REL e denthiadr flavbridreamatls eqpanhan thath has

et
controller 2Q conputes displacenment (yawi ng anpunt) Aezmin the
rotational di%rjé%l:'icgﬁeﬁ’re dhdhe FRaxits @aRe-oF MG F%&Fﬁﬁﬁﬁso@fvﬁf%ﬁlass

tabl e WIB, based on_.a_difference, of. t he asurenent 25 val ues of th

measur enment ;eagcedoffPers%}éﬁﬁPga’t:bs nlé[gé’uflgﬁeﬁ eb%n%i’%s I?g'fte?n&%i%’.t“ on the

Further, nmi I u i <) t i i 4 ;
0 sqiﬂfearc@%fcgm f8ed g@#gg UK sép&ﬁ%g Jggspgsrsqaﬁ%cne) is

Aex in the ex direction of wafer stage based on 't

(di spl acenentatA¥Ha e \fr@?f@c dd adld QrdM S8R0 | O'Th%%E@(i%,lgﬁex
a. y

and reflection 41 surface Further, as shown in Fl

i nterferpoet erisk2hde adiviieas treasuire®d  edst BEE And, BiZisen wiaferche
tabl e WIB al ong the dual measurenent axes spaced apart from strai ght
5 line LH i nupreXsaxifacei pEcvabar tdtageisdes nt hbeopthedlmext s of wafer
projection optical systemPL by the sanme distance, and based on the
measur enent Vahgdsl dmouRseqpasnr BAEAL akege BT expdridingrasing surface
nmeasur enent be B51 and B52, main controller 20 conputes a position
(an X positi G, T FCHE it &5 deiE.S FO- AT HL erferit® 46 i1 he
X-axis direction) qf fer table iﬁ'B i n%hex- axis.direction. _Further,,
mai n controller :20%518\%%&{1&?13‘#5&_ Eeneh p(aﬁéc\ﬁirﬁlgl%r?&fﬁtn)geﬁjog?ﬁ)dte&ldlng
wafer tapke leBPEvge&oﬂEf&ﬁ QR 2 e‘HJJof‘ererngOJné B€scale near
measur enent val ues of t mMeasur enent axes corresponding to
measur enent Q@ﬁﬂ%d@%lof the scale (to be described later). The lay out
pattern is configured from grid lines that have different
reflectivity, and when the encoder head scans the pattern,
the intensity of the output signal of the encoder changes.
20 Therefore, a threshold value 1s determined beforehand, and
the position where the intensity of the output signal exceeds
the threshold value is detected. Then, the relative position
between the encoder head and the scale is set, with the detected
position as a reference.
25 In the embodiment, main controller 20 can obtain the
displacement of wafer stage WST in directions of six degrees
of freedom (the 2, X, Y, © z, 8 x, and 6 y directions) in the

entire stroke area from the measurement results of

interferometer system 118 {(refer to FIG. 6). In this case,



15 and B52. Incidentally, 80zm obtained from X interferoneter 126 and
80z(Y) obtained fromY interferoneter 16 are equal to each other, and
represents displacement (yaw ng anmount) 40z of wafer table WIB in the
Oz direction. Further, as is indicated in a dotted line in FIG 2, a
20 measurement beam B7 is emitted from X3'nterferometer 128 al ong a
measurenent axis parallel to the X-axis. X interferoneter 128

actual ly irradjaes lerg%tte@@qmsanepuasE' {Cih 00 SUEERCE 1d bmé to

waf er table WIB located in the vicinity of an unl oading position U

and a | oadi ngzmsivt iaBekPedbBdca 26, NBASY eARBL faXbihetWhsCh3ASand 4313.
parallel to the X-axis and joins unloading position UP and | oading

position LP (refer TwotREGY 3dems siux falve dedcthetiprdoat eirbace of wafer
Further, as shown in FIG 2, a neasurenent beam B6 from X

i nt erferonet drabllx WIS, i migdioat-pdlashiatl det topl sedf acesdadt bfelwaf emd a
table WIB. 42 Measurenent beam 66 is actually irradiated on
reflection s shrkacer Féb@%d\ﬂ'geéll@rﬁlé?nrréﬁ§§ﬁéﬁeh7ba3@@m in

e aary al{orgin S8 Lahe R SRR elARE byt 0% S5 R e oncer
di spl acenent ;4% of(lr&gags eg&l}lt b\gr?%?n& tg:mgg >%Jfor<§|<| recél on la}asoaﬂ‘c{ om

t he rreasurerrent val ues mreasur e erorreter 127

and the measuy R @ g§§fgt~,erﬁeﬁ§%@% Deag 87, @hg{cﬁ%g&ffg&gggte%c

128. However, the three X | nterferorreters 126, 127, and

pl aced di ffemﬂ,yyrﬂg@éﬂf@gom@@eff1a9<aﬁddxrleﬁ:térq=rérc§fr&e>£s 126, 127, and
interferonmeter 126 is used at the tinme of exposure as shown in FIG

22, X interf dr2@mreterint2t fiesansedbrat ohte tid e 8ofa nwafrert alhogmmemt FAS. 1,
shown in FIG 29 and the like, andX interferoneter 128 is used at the
time of waferref@aditey F§1$owr2)i FIRItCS.orzg itsitard &2 Paartd ofafiert enflecadiertg r
shown in FIG 25 urther fromZ interferoneters 43A and 436,
neasur enent ﬁéf%%ﬂ@ndrlfetrh&f’ BEGcebl meamgte e dispdacenent of each

oo aled Lourd muable IICop S LeRperLYely, These, repour Tl
mirror is placed on the side surface of projection unit PU,
15 and the surface is used as a reference surface), that is,
positional information of wafer stage WST within the XY plane,
and positional information that has been measured is supplied
to main controller 20. In the embodiment, as it will be
described later on, as each interferometer, a multiaxial
20 interferometer that has a plurality of measurement axes is
used with an exception for a part of the interferometers.
Meanwhile, to the side surface on the -Y side of stage
main section 91, a movable mirror 41 having the longitudinal
direction in the X-axis direction is attached via a kinematic
25 support mechanism (not shown), as shown in FIGS. 1 and 4B.
L pair of Z interferometers 43A and 43B (refer to FIGS.
1 and 2) that configures a part of interferometer system 118
(refer to FIG. 6) and irradiates measurement beams on movable

mirror 41 is arranged facing movable mirror 41. To be more



20 41c of novable mrror 41, respectively, at a predeterm ned angle
of incidence (the angle is to be 0/2) . Then, neasurenent beans Bl
and 62 are reflected off reflection surfaces 41b and 41c,
respectively, and are incident on the refl ection surfaces of fixed
mrrors 47A and 47B perpendicul arly. Ther® 25 measurement beans B
and B2, which were reflected off the reflection surface of fixed

M ITors 4TA b ATo A58 fiCELAYLLeOL KR! LECH A 19 2565 (10 il cher,

-41c again (return the optical path at the tine of incidence

respectivel ynant 1 fireeei ¥2d Piedi bRt ardSromRt ehs 143 aNdnddRe x-4%kis
In this case, when displacenment of wafer stage WST (nore specifically

novabl e m rrai r&Btiiom 1 hel ohpxt shdhreet it ien A¥e fand Ui s plfacef@nttaiil e
the Z-axis direction is 4Zo, an optical path |ength change ALT of
measur enent BE@hPBlatadeast bheilcdiesrplach T dmgtdr fehamgd eAls2 48R and 43B.
measur ement beam B2 received at of Z interferonmeters 43A and 43B can
respecti vel y I toedre §9a@bde mirrerndilass(2ymanged 29 peingber having a
ALT = AYo X (1+ cose). - 6,70 x si,ne ... (1) 1041/2 = 6, Yo X (1+ cose)
+ 470 X si ne(h.e.x.ag(oé‘) IAGESRTRAGF L9 GRARS AR 49 @ reatd@de 8L étand

Y 50 e oA bl g e (P nJOUReS Lo UL - 196,20
D spl acenment §;16.20- 4 161 ABQAVE EaRRe: OBlAl Ned AMINF the -Y side of
interferoneters 43A and 43B respeg?lve y. Therefore,
movable mirror 41, and three reflection surfaces 41b, 4la,
10 and 41lc are formed.

Reflection surface 41a configures the edge surface on
the ~Y side of movable mirror 41, and reflection surface 4la
is parallel to the XZ plane and also extends in the X-axis
direction. Reflection surface 41b configures a surface

15 adjacent to the +Z side of reflection surface 4la, and
reflection surface 41b is parallel with a plane inclined in
a clockwise direction in FIG. 4B at a predetermined angle with
respect to the XZ plane and also extends in the X-axis direction.
Reflection surface 41c configures a surface adjacent to the

20 -Z side of reflection surface 4la, and is arranged
symmetrically with reflection surface 41b, with reflection
surface 4la in between.

As it can be seen when viewing FIGS. 1 and 2 together,
Z interferometers 43R and 43B are placed apart on one side

25 and the other side of Y interferometer 16 in the X-axis
direction at a substantially equal distance and at positions
slightly lower than Y interferometer 16, respectively.

From each of the Z interferometers 43A and 43B, as shown

in FIG. 1, a measurement beam Bl along the Y-axis direction



20 di spl acenent which is obtained using Z interferoneter 43Ais to be
6, ZOR and 4YOR, and displ acenent which is obtained using Z
interferoneter 43Bis to be 6,Z0L and 4YOL. And the distance between
measur enent beans Bl and B2 irradiated by Z interferoneters 43A and
43B, respectively, in the X-axis 25 direction is to be a distance D
(refer to FIG 2). Under such premn ses, displacenment (yaw ng anount)

40z of novabl g rﬂgae& %éd({%aeréﬁ tLLbE%hysw;é ﬁ&ﬁgean\négg)éﬁaeg&&%ent

Qz direction and disp acenent i ng anoun 0 _
mrror 41 (nmyeanspeeidi I%Mﬂgxﬁ ager MEHon N 4 menea'dioaﬂ@&tﬂ&fhf@n
44 be obtained by the followng fornmulas (5) and (6). A0z ==, (AYOR -

AYoL) /D ... A)lcAyiArelrfaAZoR)c /(Defer £OFIG. 4B). IACEREEHMPimdit,
using the formulas (3) to (6) above, main controller 20 can conpute
di spl acenent ®ffikedemnistraged VEhavidiow réddeets oof shréedenyr Zogomyb,to
A0z, and AOy, based on the neasurenent results of Z interferoneters
43A and 43B. MERIUF HE ReReY Bdesel pete e refilentine Aeasacenthr and

results of interferonmeter m 118, main._.controller 20 can obtain
di spl acement ao%rﬂwﬁ&fie?u&agexi% FHE @eEFE&ﬁéZt&PnsPB%rE%@?e%%t%?gonal to

i i d |1
enpodi nent . s beefg exﬁigﬁ%ié & LO?%E&&%?&%@% Aurbssrrt bnare
i nformation (%Irr"@“f d,56388 MRl [ BCLh ORS 20 $Si X 9@9{%3%5)5 position

freedom however, he neasurenent rection |s not |n1t
directions ofqisivardear el fieaeaefapatdnt Reoreasui et diveGhition

can be directions of five degrees of freedomor |ess. 20Incidentally,
i n the emboditneatprdde: casinddglibeance in a state where the fixed mirrors
do not interfere with measurement beams Bl and B2.
Fixed mirrors 47A and 47B are supported, for example,
by the same support body (not shown) arranged in the frame
(not shown) which supports projection unit PU. Incidentally,
15 fixed mirrors 47A and 47B can be arranged in the measurement
frame or the like previously described. Further, in the
embodiment, movable mirror 41 having three reflection
surfaces 41b, 4la, and 41c and fixed mirrors 47A and 47B were
arranged, however, the present invention is not limited to
20 this, and for example, a configuration in which a movable
mirror having an inclined surface of 45 degrees is arranged
on the side surface of stage main section 91 and a fixed mirror
is placed above wafer stage WST can be employed. In this case,
the fixedmirror can be arranged in the support body previously
25 described or in the measurement frame.
Y interferometer 16, as shown in FIG. 2, irradiates
measurement beams B4; and B4, on reflection surface 17a of wafer

table WTB along measurement axes in the Y~axis direction spaced

apart by an equal distance to the -X side and the +X side from



descri bed where wafer stage WST (91, WIB) is a single stage that can
nove in six degrees of freedom however, the present invention is not
limted to this, and wafer stage WST can be configured including

stage main section 91 which can nove 25 freely in the XY plane, and
waf er table WB nmounted on stage main sectdon 91 that can be finely
driven relative to stage main section 91 at least in the Z-axis
direction, t «j ti d:t.h LEecti I i : ,
novabl e nirrgffﬁféﬁgggfﬁﬁégpgggﬁié% ggéggg%gg ?ﬁeﬁgp%%f%zﬁfgﬁgfgéses

Further, 45 dmshepdtol peblestion safidaceobiacandakelisct raresurd ace;,
17b, a novable mrror consisting of a plane mrror can be arranged in

waf er tabl e WIB.ofHawevefctidh tdier efdlod yedm OSididng} dddoirvaid aadn
(positional information in directions of three degrees of freedom
i ncl udi ng rotrefl gaifayt NEitdhdn  ide telod s8 thedppedtion) obf waté ert &t by eI MBLn
(wafer table WIB)in the XY plane is mainly neasured by an encoder
syst em deScr it Yragds dhreghdonhéa me@nmidnm) @4l tes bfradiation point

interferoneter. 16, 126, and _ 127 are used 10 secondarily .as backup or
the like, sudf FEFHIFTEHaREBS Gfr 886 ﬁéz(céqriodrdﬁq%d)lya I*8hd-ICer rhr

change (due tq, faor ex le, t or al fornation of scal of the
reasurenent VRARE SR ThEGnoam 658 Bt BT e e R Ap i 2
abnormal ity inthe spepdes ngd dentally, in the enbodi nent, 15 of

t he positional fﬁ?%rnatlo$%) waf er stage WST in directions of six

degrees of freedomruR@sidr,onakntBt-eemBhibeRri Nedi L] ONSs of W RBement
degrees of freedomincluding the X-axis direction, the Y-axis

di rect i oh0anddanrel 8z wh 41t trie@l e-$ 1 BRASIE 0 dY 16he] NG adesa SYSemdht axis
described later on, and 20 positional information of the remaining
directions ofint hheeYdegieedinéctierdomh er prerdetepadinkidcdl fyanchein the
positional information in the Z-axis direction, the 8x direction, and
the 8y directd G lissAhEastien WAXEIPESULERaNta SYsenem WhHeemawpL] aadsz,
be described |l ater that, has a plurality of Z sensars. 25 In_thi

case, positi DY nf 1 5ve 1 % T6E SIREMEStaP AR P HEPELErERE OF Hetdection
mer ar onet ST 162 CFaTC Byl o BEI OF GHar B RAE: S 1903 R
Z-axi s diSeCt(in@}ea%et&%i@aldlif %«Fatfecin sccaar?géj%ﬂéﬁasc% %Vbé&)l'[éqefnirror 41,
nmeasur enent system
Main controller 20 computes the Y position (or to be more
precise, displacement AY in the Y-axis direction) of
reflection surface 17a, or more specifically, wafer table WTB
(wafer stage WST), based on an average value of the measurement
20 values of the measurement axes corresponding to measurement
beams B4; and B4, of Y interferometer 16. Further, main
controller 20 computes displacement (yawing amount) A6z'Y in
the rotational direction around the Z-axis (the 6z direction)
of wafer table WTB, based on a difference of the measurement
25 values of the measurement axes corresponding to measurement
beams B4; and B4;. Further, main controller 20 computes
displacement (pitching amount) A8x in the 6xdirection of wafer

stage WST, based on the Y position (displacement AY in the

Y-zxis direction} in reflection surface 17a and reflection



46 and positional information in the ex direction can be neasured by
interferoneter system 118. Incidentally, at |east a part of
interferonmeter system 118 (such as an optical system may be arranged
at the main 5 frame that holds projection unit PU, or nay al so be
arranged integrally with projection unit $4U that is supported in a
suspended state as is described above, however, in the enbodinent,

i nterferonet e 8 is to be arranged at the neasurenent frane
descri bed ab%%gﬁ¥%%kg%%%Tenent stage MST includes stage nain section

92 previously descrigte Ant MEASHIETENFAADIE MIB fmuH6d,Qn 5t 49

mai n section 92. Measurenent table MIB is nounted on stage main
section 92, vigrddigatled emeldemBehau-58 EWt a8R0BH) - orHayensr .t 41 WTB

present invention is not limted to this, and 15 for exanple,

measur enent stlagey NS chrelemEagutdiersto-oald ebaaat sepatd fioe straight
nmovenment structure in which neasurenent table MIB can be finely

driven indt heiXeiisidi thetformxis tbirecixian dihedcrhenesabetdmt8zal axis
direction with respect to stage main section 92, or neasurenent table
MIB can be fiXeBrPoSstage RS if nsyetendid b7 theaane distt anapsuprpdmsed

MST i ncl udi bl e ML d i i 92
Stase VST | ELVNE MESSHSIEN, Lol M and ol age s, secllon O
Vo ous TS ST RIS S0 SAMST Sla s ARl ot e MR

(and stage nal uch Theasur enmen ers,

exanpl e, as W%mbﬁt%%@-p@sf‘@ijoéﬁ’ar{rﬁnp@ §t§b’ﬁihicgi tNpE S A se,

iIlum nance sensor 94 that has a pinhol e-shaped nt-recervin
section whi chiirsgaeiceterd IaxMimathenxthght direstadnh negesPtanefle WrB

projection optical systemPL, an aerial imge nmeasuring instrunent 96
t hat neasur esirahhaé&H=adis dhgection. Further, main controller 20 computes
displacement {(yawing amount) A6z of wafer table WIB in the
© z direction from a difference of the measurement values of
the measurement axes corresponding to measurement beams B5;
15 and B5;. Incidentally, A6z® obtained from X interferometer
126 and A6z obtained from Y interferometer 16 are equal to
each other, and represents displacement (yawing amount) A8z
of wafer table WTB in the 6z direction.
Further, as is indicated in a dotted line in FIG. 2, a
20 measurement beam B7 is emitted from X interferometer 128 along
a measurement axis parallel to the X~axis. X interferometer
128 actually irradiates measurement beam B7 on reflection
surface 17b of wafer table WTB located in the vicinity of an
unloading position UP and a loading position LP along a
25 measurement axis, which is parallel to the X-axis and joins
unloading position UP and loading position LP (refer to FIG.
3) as in the description later on. Further, as shown in FIG.

2, a measurement beam B6 from X interferometer 127 is

irradiated on reflection surface 17b of wafer table WTB.



47 (projected image) of a pattern projected by projection optical
system PL, a wavefront aberration neasuring instrunment 98 by the
Shack-Hartman nethod that is disclosed in, for exanple, the panphlet
of International Publication No. WO 03/065428 5 and the |ike are
enpl oyed. As wavefront aberration neasuri%@ i nstrunent 98, the one
di sclosed in, for exanple, the panphlet of International Publication

No. WO 99/ 6034k i MG NESHOHH NG Fa%tP@éleﬂ; ﬁpﬁpgdl%écprbﬁ%fl%ﬂl%

No. 1079223) can al so be used. 10As uneven | um nance measuri ng

sensor 94, thacddd guatd OwSide b1 WTE zﬂﬂﬂuc} hatmd s Sedras ededi,
for exanple, Kokai (Japanese Unexam ned Patent Application

Publ i cati on) Mbocal9&11E3238 {+4ael e ahreegponsk nghboSghRdtedethlotion center
4,465, 368) and the |ike can be used. Further, as aerial inage 15
measuring i nstfr hemingsy tdHd aurdritguretieom Ailvilar to the one that is

di sclosed_in, for exanple, Kokai (Japanese Unexam ned Patent
Appl i cation Publ i cHBienFoRETC2862- 64 & O@%%G#ﬁé‘%ﬁ@ﬁﬂ‘ﬁﬁ@ P pf wafer

iaed. 1 NG denti S P ro a0 REAGHF HbREChiTct b1 OG-t d S EARENE
to be a”angg%ﬁfe 3L EUEPLy 31208 METd DeLe LU0t IRt IPUSVELy (o

t he types an nmeasur enen ersare/isnot lim

to them As Qﬁgééﬂ%@%&ﬂ%ﬂgﬁiuggWQF%%@SEQ%H%%%WBEgmIﬁ?%§QK%Hﬁﬂ§rﬂg¥HH@E%r
such as a transmttance measuring instrunment that 25 neasures a

transm ttance 2@, pHeeekroNthpttiEade syam@rlfle,ro@@@/eqrs a2@Basyy | Nghd 128
i nstrunment that observes local liquid i mersion device 8, for

exanpl e, 1hozAre gliace3 didrfdrigntlens eb@it)d iorg tthe [YiHeeximmayialesa e, and
used. Furthernore, nenbers different fromthe nmeasurenment nenbers
such as a cl danhitgriggometisar LEhats slseahstnblze Itelngmiof egposupelaﬁ@hown

191 or the Ilke nay al so be nounted on neasurenent sta%
n FI 22, X interferometer 127 is used at the tlme of wafer

alignment as shown in FIG. 29 and the like, and X interferometer
128 is used at the time of wafer loading shown in FIGS. 26

15 and 27 and wafer unloading shown in FIG. 25.

Further from Z interferometers 438 and 43B, measurement
beams Bl and B2 that proceed along the Y-axis are irradiated
toward movable mirror 41, respectively. These measurement
beams Bl and B2 are incident on reflection surfaces 41b and

20 41c of movable mirror 41, respectively, at a predetermined
angle of incidence (the angle is tobe 6/2). Then, measurement
beams Bl and B2 are reflected off reflection surfaces 41b and
4lc, respectively, and are incident on the reflection surfaces
of fixed mirrors 47A and 47B perpendicularly. Then,

25 measurement beams Bl and B2, which were reflected off the
reflection surface of fixedmirrors 47A and 47B, are reflected
off reflection surfaces 41b and 41c again {(return the optical
path at the time of incidence), respectively, and are received

by Z interferometers 43A and 43B.



In the enbodinent, as it can be seen fromFI G 5A, the sensors that
are frequently used such as uneven illum nance 5 neasuring sensor 94
and aerial inage measuring instrument 96 are placed on a centerline
CL (Y-axis passing through the center) of neasurenment stage MST.
Therefore, in the enbodi ment, neasurenent?dusi ng theses sensors can be
performed by noving neasurenent stage MST only in the Y-axis

direction 10 wi thoyt, ppyLng ddie, HEASW SIENLC-o1 408 o . A1 KBl fep (more

di rection. rtion’to é€ac e sensors escri

an illum ”a”%é&@ﬂc‘%{ll@%m@ n{l'%r rﬁqe'l‘ﬂ "tgméeﬁ-ta!ﬁ% 'Eﬁ‘ﬁé&l%n is

predeterm ned ‘area sizethat receives illunmination light IL on

i mage pl ane Qfypaslenitdam ptdriak n s E%Eﬁ:smeaﬂti%nlﬁstl@&nﬁhw,cal
which is disclosed in, for exanple, Kokai (Japanese Unexani ned Patent

Application Rudh datnlgdm) cheng#1AD1 681 ne(dshe comrte bpamdBhgaht Sin Rattdria 1
Application Publication No. 2002/0061469) and the |ike. The

i |l um nanke il denigsharbenpeehb? abf ynasisagsthent PeencBAt ee¢eheed at of
20l ncidental ly, in the enbodinent, liquid inmersion exposure is

per for med i n WHPHSTREEOMSRETS éﬁﬁo@@é fEBrCEX pstReC i gmty be expressed

(illTumnation |i h%%?ﬁ% Vi a pr.ojec tlcal system PL and liquid
(water) Lq, ng @ﬁ V%%# qﬁuﬁf e neasuring sensor 94
(and the iIIunlnance nDnltor), aerial 25 image neasuring instrunent
96 and wavefront aberration neasuring instrunment 98 that are used in

nmeasur ement using ijfhum ngti on b hggg wg reg |ve ghhﬁﬁlnatgﬁn light IL
t

via projection opt|cal system er Furt y a part

of each sgnsor sucQL@s_thoogthalc%g@ge¢1@@$be geyated . 49,yon
nmeasurenent table MIB (and stage main Section 92), or the entlre

sensor may be placed on neasurenent table MIB (and stage main section
92). As shown in FIG 5B, a frane-shaped attachnment nenber 5 42 is
fixed to the end séctacdioglvhefrymsioamplast(dgeandi (£ sedtZicoangd2i s can
measur enent stage MST. Further, to the end surface on the -Y side of

stage main s&& i agMneds Ysding g PHG IR T A% s 14808 el ¥)ixed

inthe vicinity of the center position in the X-axis direction inside
an openi ng of

15 AZo =(AL2 - ALl) /2s5in® e (3D

AYo =(AL1 + AL2) /{2(1 + cos8)} ... (4)

Displacements AZo and AYo above can be obtained with Z

interferometers 43A and 43B respectively. Therefore,

20 displacement which is cobtained using Z interferometer 4324 is
to be AZoR and AYoR, and displacement which is obtained using
Z interferometer 43B is to be AZoL and AYoL. And the distance
between measurement beams Bl and B2 irradiated by Z
interferometers 43A and 43B, respectively, in the X-axis

25 direction is to be a distance D (refer to FIG. 2). Under such
premises, displacement (yawing amount) A&z of movable mirror
41 (more specifically wafer stage WST) in the 6z direction
and displacement {rolling amount) A © y of movable mirror 41

(more specifically wafer stage WST) in the Oy direction can



10 attachnment nenber 42, in the placenent capable of facing a pair of
light-transmitting systens 36 described previously. Each of
phot odet ecti on systens 44 is conposed of an optical system such as a
relay lens, a light receiving el enent such as a photonultiplier tube,
and a housing that houses them 15 As it “an be easily imagined from
FIGS. 4B and 5B and the description so far, in the enbodinent, in a
state where ; T ; 13 closer

t oget her w t\k%?é;le%btps)érfe}%git ﬁm% f@g&%ﬁ{e@ﬁoﬁ@% ﬁ)saargﬁjr edcét%i ‘on
(including a contact state), illumnation light IL that has been 20
transmtted through each aerial inmge nmeasurenent slit pattern SL of
measurenent plate 2@z & guivded -bywyedoh /ID ght.- tsansm tti ng system 36
and received by the light-receiving el enent inside each

phot odet ecti on systd@m #4.(ATiodt —i $Zokeaslhy ement(épl at e 30,
light-transmtting systens 36 25 and phot odetection systens 44
constitute an aeri al i mge neasuring 45 (refer to FIG 6), which is

simlar to the one_disclagsed in Kokai (Japanese.Unexani ned Patent ,
Aopl | oat ! on Pobl 1 CALCER ARG va O 6 ASTa Y CHETEOF P Catloka ) gbeve, main

Pat ent Appl i gcra]oé-"% é@]lélqlkig.%aéggnc%]u ac%)ocglls%qngaﬁffezn%nr%gfe&é?ggt sotagg WST in

previ ously, tac

confidential Rar GRegrebBabtefre Mt S eheb! efb 0 AR Aoy %Q@é&)onﬂfe\tlhe

that is nade up of a bar-shaped nenber having a rectangufar sectiona

shape and 5 sefaeescferd RRIRIENRC fMeNhelt drF Hdnngad epdrendidq3m the
X-axis direction. CD bar 46 is kinematically supported on neasurenent

stage MSIOby a ful [Inkithemabnaenodets cstibect abeve$ feemChheamed46useneas
as a prototype standard (neasurement standard), optical glass
ceram cs withresuléow o tobefferenetef syaremilléxpansnoneontoehlas 20 can
Zerodur (the brand nane) of Schott AG are enployed as the materials.
The fl at ness “PGide d3dErLREeTsper oSuvprasE gEaee SHFT abie)digre s gy o six
is set high to be aro t he, sane | evel, as a so-call ed datum pl ane
plate. Furt h&FITEESsRIwt h&T G | A%'ayr'e%&'e c&rgfRE Rg Y( él.lgﬁécuons)'
Incidentally, in the embodiment, interferometer system 118

15 could measure the positional information of wafer stage WST
in directions of six degrees of freedom, however, the
measurement direction is not limited to directions of six
degrees of freedom, and the measurement direction can be
directions of five degrees of freedom or less.

20 Incidentally, in the embodiment, the case has been
described where wafer stage WST (91, WTB) is a single stage
that can move in six degrees of freedom, however, the present
invention is not limited to this, and wafer stage WST can be
configured including stage main section 91 which can move

25 freely in the XY plane, and wafer table WTB mounted on stage
main section 91 that can be finely driven relative to stage
main section 91 at least in the Z-axis direction, the & x

direction, and the 6y direction. In this case, movable mirror

41 described earlier is arranged in wafer table WTB. Further,



15 diffraction grating) 52 whose periodic directionis in the Y-axis
direction is respectively forned in the vicinity of the end portions
on one side and the other side in the longitudinal direction of CD
bar 46. The pair of reference gratings 52 is formed placed apart from
each other at a 20 predetermined distancéXwhich is to be "L") in the
symmetrical placenment with respect to the center in the X-axis
direction of %%d é@ré ct S n%%'}tf%'ble' g?ag‘ncf@a(fﬁbibﬁ(.%o?bﬁy face 17b,
, a plturalrty of re

Further, on the upper surface o bar 4 er enc

e
marks Mare fomnERdpB hierpF acsBNt 3% ShodbidhLRikhEr 88n Jdh@rranged
plurality of reference marks Mare fornmed in three-row arrays in the

Y-axis directirpmwdfied alslamgiqE.t ch, and the array of each rowis
formed being shifted fromeach other by a predeterm ned di stance in
the X-axis directi doweAksreadn d¢dher elnboehioentar ke st ianaio 4 difivensicdoal
mark having 51 a size that can be detected by a primary alignnment
syst em anél s@srfddriprali gavermadisinens g asd igescrdbhddest glogdess of
used. Reference rk .M also be different in shape_ (caonstitution)
from fiduci a|f%?&%ﬂrm e d Previ FidFmaiien At A S5 e b Sdinpshion)

f M.and fjduci FM h tituti, d
i 5o they havt PRCCSarkS Lol NHETSE GrPhSoRaD TF T S GhAoR TEReDLY
f wafer W i by ' , f f _CD

ond The. sur f SEEEEAEY ol BrdB TR et e PAR ol R
measur ement M aRiHegichtdescnt bedk @Q@ge)se%ﬁe%m@,mzl%?dam 4B 78 re used

liquid repellent film(water repellent filn) severally. Al so

on the +M endesuiridacd land s tackbpend s ad&egf seaswLementtHallase of
MIB, reflection surfaces 19a and 19b are forned simlar to wafer

t abl e WIB as dog réegdmichedadbdvatimgfler I5rigetir@S.changrd Gile tBy for
irradiating an interferonmeter beam (neasurement bean), as shown in
FIG 2, on ré&pedetlicontsuppaedsdabarmnianiphrdscadel whdhe meklsacesent
i ght of each interferoneter beam a Y interferonmeter 18 and an X

i nterferonet 31186 O iHifePECsitEt SYSISH i STl ShEWEaSE BfGOWPUL,
e o T ML LAY L I
PosL1 O e L oPRSLLIGIAL L ORUBLLAN O RIS BBl AT sons
Y-axi s direcijsors xakd gr@ledt ¥ freedom, positional information in
directions of three degrees of freedom including the X-axis
direction, the Y-axis direction and the 6z direction is
measured by the encoder system described later on, and
20 positional information of the remaining directions of three
degrees of freedom, or more specifically, the positional
information in the Z-axis direction, the 6x direction, and
the 8y direction is measured by a measurement system which
will also be described later that has a plurality of Z sensors.
25 In this case, positional information of the remaining
directions of three degrees of freedom can be measured by both
the measurement system and interferometer system 118, For

example, positional information in the Z-axis direction and

the By direction can be measured by the measurement system,



25 information in the Oz direction), and the neasurenent val ues are
supplied to main controller 20. I n exposure apparatus 100 of
the enbodi nent, in actuality, a primary alignment system ALl is

pl aced on straight line LV passing through the center of projection
unit PU 52 PU (optical axis AX of projection optical system PL,

whi ch al so coincides with the center of exposure area IAin the

erbodi ment) - angh BeLAG1 AL 11240 Lifa L116h TrahS 0,40 0881 8 ARLLEL kil s ured
center at a position that is spaced apart fromthe 5 optical axis at

a predeterm ngd iHidencodt dhesytah derggs shown in FIG 3, although
omtted in FIG 1 fromthe viewoint of avoiding intricacy of the

drawi ng. Primary allirgrirenmitzSyist,eatAldass £ ipsed b6 imeet Oowsmstsf asstem
of a main frame (not shown) via a support nmenber 54. On one side and
the other sideB8l0susht ke Xnarpsidhlesysbamhi may pré neryardegraterithe main
system AL1 in_between, secondary alignnent systens AL21 and AL22, and
AL23 and AL24£5iHss & hddt BedpsnPEeneet sonrenkiuifdt-anti BRYya s5ake @danged

pl aced with respect to straight line LV are severally arranged. That
is, five ali dﬂ%ﬂras];}éf é’h‘@a@%%’%ﬁ‘lﬂt T ABR G IR & tHae

their detecti C ers_.are placed at_ dif.ferent positions in th
X-axis di rectslq{(}r%e?ﬁ]eac[ Sltgafteplaasc ed a eosncgrjth?'uee& )a%a%(‘%)es’ cﬂorweec‘ieirdn.ln the

As is represenhiald el SQ%ﬁyeﬁﬁ%%Harségsa%éS{B’lW?issﬁ ?@a@tzlzrgang%%c%t

secondary alignment system AL2n (n=1to i's fixe

(turning end}tHf nahArmankit (Mahd Aebcdiilia Gbddlrn around a
rotation center 0 as the center in a predeterm ned angle range in

cl ockwi sk0and anti tleackuicsendi seclgeoMST MnkkllGded. stagehamadnbedic®rn, 92
a part of each secondary alignment system AL2n (e.g. including at

| east an 25 epawialuslystdeadgidted,r radl ateess varenadritgrimdmte IMTFhimctmtad on
detection area and also leads the light that is generated froma

subj ect mar k SHAIF Maife S@Etden 8ﬁ-ar§%a$‘ér%m¢iﬁl’@h¥ak?%%éﬂw Higp dlarERd on
is fixed to arm56n and the repnining sectjon !'Ls arrarlylgaed at the nain

0
frame that hd"GIGFIFRATTI Uhre- P2 Fhe £ s8veling mechanism (not shown) .

However, the present invention is not limited to this, and

15 for example, measurement stage MST can employ the so-called

coarse and fine movement structure in which measurement table

MTB can be finely driven in the X-axis direction, the Y-axis

direction, and the 6z direction with respect to stage main

section 92, or measurement table MTB can be fixed to stage

20 main section 92, and all of measurement stage MST including
measurement table MTB and stage main section 92 can be

configured drivable in directions of six degrees of freedom.

Various measurement members are arranged at measurement

table MTB (and stage main section 92). As such measurement

25 members, for example, as shown in FIGS. 2 and 5A, members such

as an irregular illuminance sensor 94 that has a pinhole-shaped

light-receiving section which receives illumination light IL

on an image plane of projection optical system PL, an aerial

image measuring instrument 96 that measures an aerial image



X-positions of secondary alignnment systenms AL21, AL22, AL23 and AL24
are severally adjusted by rotating around rotation center 0 as the
center. In other words, the detection areas (or the detection
centers) of secondary alignnment systems AL21, 5 AL22, AL23 and AL24
are independently nmovable in the X-axis ditection. Accordingly, the
relative positions of the detection areas of primary alignnent system

d . j f 2 2 AlL23 d. AL24 .
hai uatabi o i ri Kol TRgbedydn EPutieah prbEeoc Bl BR8s SRt faf iy ca
the 10 X- posidyQns @f,,SeCRN Yot | t Wﬁ%%u’%&%#glﬁégguméﬁg% éjy

and AL24 are to be adjusted by the rotation of the ar However, t

present i nveriHedBhag k30ta dtinflint @@ thedt hhst 28504 Bsdlbyed NBehard S Bdhalle,
drives secondary alignnment systens AL21, AL22, AL23 and AL24 back and

forth in the tfeapasnpdiregctd oM meyrrad ikl akdrircatgec Neur tter),3 /at65428
| east one of secondary alignnent systens AL21, AL22, AL23 and AL24

can be noYed anst thal J1 ke arecepigyeddi rex wayre fvontadlser rat 1 dre measxird ng
direction. Incidentally, since a part of each secondary alignnent

system AL2, (QSFRHRENY 2 8r hissonedisseioirg 1nnf & reeieskler Ehe Deamhlet

20 that is fi to arm.>56, .i asurabl e sens ot shown)

such as, for O)éigrﬁ%le n Q%%%%%O%P@én%@]%ﬁm(#he(%sor may
only neasure itd . rd1at | j - ax] i tiop_of
Oy RS ATl LB Al I B LG 02 079 22
posi tional i nRfQrmatdpPnd n,anpther direction, for 25 exanple, the

Y-axis direction and/or the rotation direction (including at |east

one of the ex and ey dneReh @NSuminance Wealshe iwRPeensWr azg @heeach
arm 56,, a vacuum pad 58n (n=1 to 4) that is conposed of a

di fferenti al ceveduatriadn dry peindirarbear ithg isicarttangdd dHwdlhered amm for
56, is rotated by a 54 rotation drive nechanism®60, (n=1 to 4, not
shown in Fl Gexamplef,e Kok iF| (amsih astatUnaxsmnides] £atstrdgr Appltismtididke,

in response to instructions of_ main controller 20. Main controller 20

activat es eadhBldGRIMPAdNS8,> 1ol k133 L dERCHM BHEPIAENF¥i-§ - 5P F o No.
(not shown) tzly

(pov shown) by e sLush L9L3L) o, o) eLient of L 06 . TIUP g
0ESl 59 P9 AR 3O b K, SRECONBE Vo AL AR LRI ETR Qe
101 nci dent al lpya d Dstdies CASEA iROT EL PN 0fmdhe maka ;i f [ Fanese Unexamined
Patent Application Publication) No. 2002-014005 (the
corresponding U.S. Patent Application Publication No.
2002/0041377) and the like can be used. Incidentally, three
20 measurement members (94, 96 and 98) are to be arranged at
measurement stage MST in the embodiment, however, the types
and/or the number of measurement members are/is not limited
to them. As the measurement members, for example, measurement
members such as a transmittance measuring instrument that
25 measures a transmittance of projection optical system PL,
and/or a measuring instrument that observes local liquid
immersion device 8, for example, nozzle unit 32 (or tip lens

191) or the like may also be used. Furthermore, members

different from the measurement members such as a cleaning



facing arm56, is a magnetic body, an el ectronmagnet nmay al so be

enpl oyed i nstead of vacuum pad 58. In the enbodi nent, as each
of primary alignnent system AL1 and four secondary alignnent systens
AL21 to AL24, for 15 exanple, a sensor of an FIA (Field Imge

Al i gnnent) system by an inmage processing 4fethod is used that

irradi ates a broadband detection beamthat does not expose resist on

a wafer to a _suhj.ect r and picks up_an iLupage.of.the j ect_.mark
formed on a Inlleg‘ﬁ{qrgr:écchena?cvii%r%geap Sa%gzgy N ﬁglrte??a?éa %?%ﬁtf?lfo% fd-‘% H‘elke

subj ect mark and and 1age,Qfn @y ié}g%éﬂéﬁoﬁ%&;%ﬂn an i ndex

pl ate arranged within each alignnment syste usi ng an

i magi ng devi ce (such aseCelbod@nenthens ot PHrS heiebni FREWNGIS] HQ The
The imagi ng signal fromeach of primary alignnent system AL1 and four
secondary al isgiments Zhaty streng rARknt0 yAL24di sushpd iwatkden NHiIminance
controller 20 in FIG 6. I nci dental ly, each of the alignnent
syst ens déscmigset zilygy sensorof 4| amd tasdr itad. tima gkl Mesysrany Imskaument 96
al i gnment sensor, which irradiates a coherent detection light to a

subj ect mar k 3355 RARFtBE S Ecthidiedl i ginaxis PahFiadiagpugtytthe
generated from the subject mark or  mgkes two diffracted Iightsh%e.g.

diffracted | iSO Thdaiy Tqdr T2 fb’r‘SrT?-ctéE erlfreéﬁtrg'b fng )
di f f d i . di i t ject 5
L1t o0 e SR, LGBl SO e UL S e

interfere an An 1n erence can natur

alone or in I i : i al | : :
ALT and AL21 B0 R 28 S TS Ba ey Bnakd i (haYerRot hent Thater FLon
t he nunbeg OfwiaﬂHchﬂTﬁBiriﬁgSﬁI@éT&eia%u&@ﬁnelﬂtms{:Q@'eti(h ftheex-Hri s e tike .
nunber equal to or nore 10 than two and equal to or |ess than four,

or may be the nunbé&n edqdakiba oo awtle dthaheSkrnsorsnaysbeibde ewere, an
nunber, not the odd nunber. Moreover, in the enbodi nent, five

al i gnment  sysitldnvmisancnuonl2ortihadt D4 sar é iigh the eftiedad nigos¢ el bowerving
surface of the main franme that holds projection unit PU, via support
15 menber 542 RFRERGSIrRIE D eSS iR dhtdtoraceivgs lilhuwedaty aqrhilgght

and for exa e, the fiive alignnent systengs may al so.be arranged on
Tha mons ey ot Opr i iege PhIRS do Fron e crartnepEL fol ditan Plrena1so

syst ens fgl I’led e,?\anll t 0, AL24 %et.ect al i gnent, marks on waf.er \{goa}(nadi

Al
o) 1ch 18 discl®tsed in or example
reference  marks © ardeCD ar f PLE,

(Japanese Unexamined Patent Application Publication) No.
11-016816 {(the corresponding U.S. Patent Application
Publication No. 2002/006146%) and the like. The illuminance
menitor is also preferably placed on the centerline.

20 Incidentally, in the embodiment, ligquid immersion
exposure is performed in which wafer W is exposed with exposure
light (illumination light) IL via projection optical system
PL and liguid (water) Lg, and accordingly uneven illuminance
measuring sensor 94 (and the illuminance monitor), aerial

25 1mage measuring instrument 96 and wavefront aberration
measuring instrument 98 that are used in measurement using
illumination light IL receive illumination light IL via
projection optical system PL and water Lg. Further, only a

part of each sensor such as the optical system may be mounted



20 46, in the enbodinent, the systens will also be sinply referred to
as a mark detection system I n exposure apparatus 100 of the
enbodi nent, as shown in FIG 3, four head units 62A to 62D of the
encoder systemare placed in a state of surrounding nozzle unit 32
described 25 earlier, on all four sides. 4% actual, head units 62A to
62D are fixed to the foregoing main franme that holds projection unit
PU in a suspended state via a support,6 nepber, although omtted in

FIG 3 from t%ﬂ\‘?iaé\}aﬁ&wtoiﬂaa%i TRgl 3 A TEf It RECH? g, OF the
I nci dental |y, f.ar_ex lLe, in fthe case 56 projectiaqn, unit IS
supported ineéltgtfsepgﬁggagsnfagt ké% He'nele&lé:c? U%thé-_p Ketmc?n%ZBa%?/ P@g’ (and stage
supported in,a: %%Q{]ch te integrally with projection unit PU, or
may be arrangga(ﬁgt t eecgrje;%%r'enent frame descri bed above. 5Head units
62A and 62C are regpeehiwal Ynplacedson 4 herat-sdrteh a4 FHiiddh tOTmenber
projection unit PU having the |longitudinal direction in the X-axis
directionb an@ dre faked pbated apdrsuatasabshatiie att yside samrage main
di stance fromoptical axis AX of projection optical system PL

symmet ri cal | yawittilprl @2 expevtasurepptritcaltapd $15AX. Further, headhanens
62B and 62D are respectively placed on the +Y side and -Y side of
proj ecti on uMUEiPGehan g e 1sdre§ fdistagedmadey iseebien ¥ Yaapasr of

direction and_ are al so pl aced art at substantjally_the sane
di stance f roRBFOUSIEHHY AX T dite Aitor IR o HOR famiIgpy, of the

As shown in 'E:I %te%:‘i’ Rggﬁfﬂl%ﬂ' 5.1% 1:6%@ )@——nad i6sé i?—’%%ﬁ?%&ﬁ g%gg&%to\%etnhinag of

plurality of [SiX § case) Y heads

predet er o ned (di; - Meait 143 Oy Idhe ol deily PR3SED 1N P cing &
optical axis AX of projection optical 20 systemPL and is parallel to
the X-axis, @aQRgcihe:gndxtsadbneethiag. s s d L cionsd idridaSudly .

multiple-lens (six-lens in this case) Y linear encoder (hereinafter,
shortly refemzeth bd ahosocl¥tencaoder Syeteman 4éntodesnpasedesiied) opfFAcal
(refer to FIG 6) that neasures the position in the Y-axis
system such as a relay lens, a light receiving element such
as a photomultiplier tube, and a housing that houses them.
15 As it can be easily imagined from FIGS. 4B and 5B and the
description so far, in the embodiment, in a state where wafer
stage WST and measurement stage MST are closer together within
a predetermined distance in the Y-axis direction (including
a contact state), illumination light IL that has been
20 transmitted through each aerial image measurement slit
pattern SL of measurement plate 30 is guided by each
light-transmitting system 36 and received by the
light~receiving element inside each photodetection system 44.
That is, measurement plate 30, light-transmitting systems 36
25 and photodetection systems 44 constitute an aerial image
measuring 45 (refer to FIG. 6), which is similar to the one
disclosed in Kokal (Japanese Unexamined Patent Application

Publication) No. 2002-014005 (the corresponding U.S. Patent

Application Publication No. 2002/0041377) referred to



25 direction (the Y-position) of wafer stage WST (wafer table WB)
using Y scal e 39Y1 descri bed above. Simlarly, head unit 62C
constitutes a nultiple-lens (six-lens, in this case) Y |linear encoder
70C (refer to FIG 6) that neasures the Y-position of wafer stage WST
(wafer table WIB) using Y scale 57 39Y2 ¥escribed above. In this
case, a distance between adjacent Y heads 64 (i.e. neasurenent beans)

equi pped in ?ﬁ%qr' j 6 620 s set shorter than a width in the
X-axis directl on_lﬁ‘u$%s'c§%ecgncgb%fqaﬂne§ 39Y2 (to be nore accurate, a 5
length of grid Iiner38)tafihdRehendet: £F, édﬂﬂfﬁﬂéﬁﬁﬁéﬁb5E3$%%%i§$fter,

that are equi pped in each of head units 62A and 620, Y hea

| ocat ed i nnersmsitliys ddpead-dd ddhad ewercrent(?or tioneft ey meldedAdpoff a
projection optical systemPL (to be nore accurate, to the side of

nozzl e unit 3Rremdlagsichgeanibel dresrill e secasrignlilr Fegiliared ahageosmd
as possible to the optical axis of projection optical systemPL.
As shown Pn FEGVE3 dfedd nffiaredym® MLl prednianyed mahegding gin the

(seven in this case) X heads 66 that are placed on straight line LV
at a predet ermated AGSHTIO™ of§ PRE 16 YSaXineBAtderildn. SERPPRERT on

head it 62D i dwth | i f .(el i hi ,
out of el eveR AR s M Rl S AT TR e MO o ey e
al'i gnment syst em Alg} ,are caph, .shown s:(;r}v@sefa 5335 ?ﬂ?ﬁ:%ﬁrg@ ﬁtetggltda%r

pl aced on straight I'ine LV at a predetermned distan unit 62B
20 consti t ut eged AR te-dte28Y el I ddY L8R X Wit 1ow

encoder (hereinafter, shortly referred to as ‘an "X encoder" or an
"encoder10 as cuesddd)i efBofr eherméd ddfand)ort hatudreasuresodhe s iremd
in the X-axis direction (the X-position) of wafer stage WST (wafer

tabl e WIB) usgiamg )Xo § Calhet39X3 a2% destoydidsaboyeatBuither, TNead latntess
62D constitutes a multiple-lens (eleven-lens, in this case) X encoder
70D (refer télepImee 6f thatupkes duad adse (Xhposprfanebfodlebast 4gel INSEL
(wafer table WB) using X scal e 39X2 described above. Further, in the
enbodi nent, a3 etenprearabinfnEhe famelayeyriem §twalb@d datum plane

plate. Further, as shown in FIG. 5A, a reference grating {(e.qg.
15 diffraction grating) 52 whose periodic direction is in the
Y-axis direction is respectively formed in the vicinity of
the end portions on one side and the other side in the
longitudinal direction of CD bar 46. The pair of reference
gratings 52 is formed placed apart from each other at a
20 predetermined distance (which is to be “L”) in the symmetrical
placement with respect to the center in the X-axis direction
of CD bar 46, that is, centerline CL described above.
Further, on the upper surface of CD bar 46, a plurality
of reference marks M are formed in the placement as shown in
25 ' FIG. 5A. The plurality of reference marks M are formed in
three-row arrays in the Y-axis direction in the same pitch,
and the array of each row is formed being shifted from each
other by a predetermined distance in the X-axis direction.

As each of reference marks M, a two-dimensiocnal mark having



be described later) or the |like, two X heads 66 out of eleven X heads
66 that are equipped in head unit 620 sinultaneously face X scale
39X1 and X scale 39X2 respectively in sone cases. In these cases, X
scal e 39X1 and X head 66 facing X scale 39X1 5 constitute X |inear
encoder 70B, and X scal e 39X2 and X head %6 facing X scale 39X2
constitute X |inear encoder 700. Herein, sone of eleven X heads 66,

inthis Case%l%g%%gF§aQ§§£§lﬂg e@%%@%?egygféﬁgifkgﬁﬁégsH&L%%e%féggn%%d

support nenber primary al T gnmen er, ‘a ance

10" bet veen adjacamta X headsdt( TnatuREal MeaRL LAl akeoequioneda.

in each of head units 62Band 620°1s set shorter than a w dt

Y-axis directidfenoe 5e2kas mdPE] 80 khe392XLEéEOnPE NTBREpaCETRItE t i’ 1on)
|l ength of grid line 37). Further, X head 66 | ocated innernost out of

a plurality ofrofh hitiatlsc 66l trieatk 184 ades @gibgup gk évi @aclhy ofbuteaich witid s
62B and 620 is fixed to the | ower end portion of the barrel of

proj ecti of opfniecd ivgrst ermedie (archanaitt ¢ avclrkitdicial e ksiflie hefve the
nozzle unit 32 enclosing tip lens 191) so as to be placed as cl gse as
possi bl e to tHEOHIHLE@BE P2 61l Pt ofiavaalths fa@p menstitution

0 : . the - i.de_of d | i 1 ,
the =X 51 de OF-SbEBRdary APi GHBHRoS0Han ADNE e = Hads AE AL Sy 2™
are respecti vsly aipngad. whose dotectl op pgipls fre.phaged Qi ce of

e f oug e

straight line paralle 0 -axXi § that "passest

detection cenfsuedd B %> Mtd INFBMUL S¥S) %rﬂcﬁkﬁd%%@rnﬁeasurement

substantially symmetrically placed wth respect to the detection

center. The disianee ddoreiaied’ eads Gkl Ab GdnZded Selth a liquid
substantially equal to distance L described previously. Y heads 64yl

and 64y2 facecpsldams [BAYR @tk 39 YepeeSizadt i Miglny) 1gewersildlie, wher e
the center Also on the +Y end surface and the -X end surface of
measurement table MTB, reflection surfaces 19a and 19b are
formed similar tc wafer table WTB as is described above (refer
15 to FIGS. 2 and 53A). By irradiating an interferometer beam
(measurement beam), as shown in FIG. 2, on reflection surfaces
19a and 1%b and receiving a reflected light of each
interferometer beam, a Y interferometer 18 and an X
interferometer 130 (X interferometer 130 is not shown in FIG.
20 1, refer to FIG. 2) of interferometer system 118 (refer to
FIG. 6) measure a displacement of each reflection surface from
a datum position, that is, positicnal information of
measurement stage MST (e.g. including at least positional
information in the X-axis and Y-axis directions and rotation
25 information in the 6z direction), and the measurement values
are supplied to main controller 20.
In exposure apparatus 100 of the embodiment, in

actuality, aprimary alignment system ALl is placed on straight

line LV passing through the center of projection unit PU



59 of wafer Won wafer stage WST is on straight |ine LV as shown in
FIG 3. On an alignnment operation (to be described |later) or the
like, Y scales 39Y2 and 39Y1 are placed facing Y heads 64yl and 64y2
respectrvely, and the 'f-position (and the ez 5 rotation) of wafer
stage WST is neasured by Y heads 64yl and%4y2 (i.e. Y encoders 70C
and 70A configured by Y heads 64y1 and 64y2). Further in the

embodi nent t d
al i gnment syﬁuen@%o e 10 descr%mﬁ) or E?EL Ctap'l ke,  a pal r thlch
reference gralidscdihOfddd pirh 4hd a@&q%ﬁteﬁ@se;@édshla@damzm m the

respectively, and the 'f-position of CD bar 46 is neasured at the
position of eadivdimereferant eairad i grgsa 52 byt theads-Hidysl, antd GHL2 a
and facing reference gratings 52. In the foll ow ng description, 15
encoder s t hatdetrectcionposed esf a¥ hgaeisi GiyR tavet 64y 2phaecidngpaet efemcehe
gratings 52 respectively are referred to as Y-axis |inear encoders

70E and 7BF (QRfigiak gxiscate)a F&%@ﬁﬁ%@b}rneéh(ﬁiﬁr@%,@ft FIRFEY side as

descri bed abovye neasu t|o information of waf er stage WKT
in each 20 rré’é@‘lﬂlb n%f%h rrliecggii oyg aor?JeJ%J?ﬁ frohlGf L 1f6PmeJ5<1é‘?rrﬂl§Wp°1nt
around 0.1 - and .t yrenent V. es (nmeasurenent i nfor tron

are supplied to%n‘gor cp%(#;re sﬁ e tﬁlne ccgrrﬁmé}q er 6m85|¥t|a ét

posi tion wi thinddhe XY Egaf@xé)cﬁ tv@ft?t'é ig@ é%@@e;?%a grng]t'ﬁ frame (not

nmeasur enent val ues of |inear encoders 7

control s the ghat)i onaid stbpoez Mbmiest isan Obn@té)elidéfiaxb@%@l@ 8Phéh&ide
nmeasur enent val ues of |inear encoders 70E and 70F. Incidentally, the

confi gur &0i onrandet Keaki keddfedttheoh iviear penaeder aMibhmbatdegetébexil in
further later in the description.
between, secondary alignment systems AL2; and AL2;, and AL2s
and ALZ2; whose detection centers are substantially
symmetrically placed with respect to straight line LV are
severally arranged. That is, five alignment systems ALl and
15 AL2; to AL2,; are placed so that their detection centers are
placed at different positions in the X-axis direction, that
is, placed along the X-axis direction.
As is representatively shown by secondary alignment
system AL2,, each secondary alignment system AL2, (n=1 to 4)
20 is fixed to a tip (turning end)} of an arm 56, (n=1 to 4) that
can turn around a rotation center O as the center in a
predetermined angle range in clockwise and anticlockwise
directions in FIG. 3. In the embodiment, a part of each
secondary alignment system AL2, (e.g. including at least an
25 optical system that irradiates an alignment light to a
detection area and also leads the light that is generated from
a subject mark within the detection area to a light-receiving

element) is fixed to arm 56, and the remaining section is

arranged at the main frame that holds projection unit PU. The



60 I n exposure apparatus 100 of the enbodi nent, a position
measuring device that neasures positional information of wafer Win
the Z-axis direction is arranged. As showmn in FIG 3, in the

enbodi ment, as the position neasuring device, a 5 nultipoint focal
position detecting system (hereinafter, sar?’ortly referred to as a

"mul ti point AF systent) by an oblique incident nethod is arranged,
which is co .Qf i Al W& n hot-adet i 0
system 90b, an hégltoﬁ% (?gf;]%fgﬁ%{%g{} n}éz{l a?l%t%y%ﬁ%rr%n%L ilécﬁggé'dqm23
in, for 10 exaphe2,KekaiséJapPanes eadiexedd AN ARG GRE @R ation
Publ i cati on) No. 06-4283403 (the %%rrespondi %u S. Pat’ent No.

5,448, 332) arerithke Di ke.the ddreenbodnmenherasonds exe@ldatection areas
irradiation system90a is placed on the -Y side of the -X end portion
of head unit @2Cdesketidsdd qur eenbasky chdetbnghoyadet@oteonsypseBmAL2,,
90b is placed on the -Y side of the +X end portion of head unit 62A
in a state ofrAleppodFay 3 Alid ede dystepano@atly movabAepligy &biet y-gKis
detection points of the pultipoi n& AF gste? z(;jQOa, 90b)E,are pl.aced at
a predet er m fed SHeCinceaFBhYg1BE Y het ReakPL2bE VECPPEAC AN ERRTsERFace

to be detect lL.t.hough it is_omtted jn the draw.ngs n the
enhodi ment S SGIES Fr5* 1o EPRIEr g bovii e b St ah i} Secondary
exanple, in the AARJ S}E%m@faﬁz{fﬁtﬁﬂ?&,hﬂﬂt{‘%ﬁ?ﬁﬁé?%@é‘%\éﬁ‘%ﬁ#ﬁ;%s i

(Mis a total nunber of “detection polnt's) or  having two ro

colums (N isha Rabkief darbetabnnunbesi @én€iel B¢} 1100 Y REdod ik, Gehe
3, the plurality of detection points to which a detection beamis

several 101 r Xaghoatied ocause ofots eicadidairgu allliynsemn s vitiemdr aIShOWALAS, A2,
el ongate detection area (beam area) AF that extends in the X-axis
direction beewnsehl?s2neitathond]esteystehs Oz tartd qrhof ddet #cms olowever,
system 90b. Since the |length of detection area AF in the X-axis .
direction ist§6t PresensuAdVERE 198md sagothd igiidest &0 dhigaf éndpe drive
posi tional information élsurcgace osition informati ond%i n the Z-axis

5 SRl

direction acfG§ aﬁll?ﬂ‘bE aht$HY tsﬁézoé’ﬁitairﬁ/e tPFaee Y%t\é?r%? Myfearlive
measured by ggby Seaning wRLeL Wigohe viaxis difection oo, . )

Further, since“det’ectt o area Ci S piraced _
o ARG R ) SRS g CpELer a0 Eheofl st o8 Rt
systems AL2,, ALZ2;, AL23 and AL2Z, can be moved not only in the
X-axis direction but also in the Y-axis direction.
Incidentally, since a part of each secondary alignment system
AL2, is moved by arm 565, positional information of the part
20 that is fixed to arm 56, is measurable by a sensor (not shown)
such as, for example, an interferometer or an encoder. The
sensor may only measure positional information in the X-axis
direction of secondary alignment system AL2,, or may be capable
of measuring positional information in another direction, for
25 example, the Y-axis direction and/or the rotation direction
(including at least one of the 6x and 6y directions).
On the upper surface of each arm 56,, a vacuum pad 58,

(n=1 to 4) that is composed of a differential evacuation type

air bearing i1s arranged. Further, arm 56, is rotated by a



10 in the Y-axis direction, the detection operations of the

mul ti point AF system and the alignnment systens can be perfornmed in
parallel. The multipoint AF system may al so be arranged on the main
frame that holds projection unit PUor the like, but is to be

arranged on the neasurenent franme describ¥d 15 earlier in the

enbodi nent . Incidentally, the plurality of detection points

are to be pl mﬂi%rp@%iw%wmgpﬁa GO HENSenOr e T ous and, N Golgams s,
but the nunber(s) of rows and/or colums is/are nbét Timted to these
nunbers. HoweA&ar t8 HIN®, 63SEniHEUIRRs 9mdtWS ok St 16Wa , 01 n MsPonse
the positions in the X-axis direction of detection points are
preferably megde it theic fdrey et meven daettwedn drhe i f Maientohewdller 20
Moreover, the plurality of detection points are to be placed al ong

the X-axis diawddtiadies ey ercuthre padesSéat tongent ¢anhi srmof 64 itm teedhain
to this, and all of or some 25 of the plurality of detection points
may al so be Firaded (BPtosheerehy postLramiter tiekaring sddnpenenset arm

For exanple, the plurality of detecfion points y al so be placed
along a di re&f{:‘o_n %%%r | Therstete tPROF THR %@ﬁ@%&qﬁ«?&wﬁﬂ@k
et LS U PSRN, e SRt 0 SR P PO 2
det ecti on be i isr ' ural i . det j

poi LS 1 the B Tent B da e on By ML FER R o

to, for exangiﬂmatr@e_aqqtdﬁn%r&r@ﬁeﬁmqg I} raf8d . Furthernore,
the length of detection area AF in the X-axis direction does not have

to be neadly the sameigenthé ldiammt eheotanaf&rpd¥ftion of dHe thiein frame
enbodiment, in the vicinity of detection points |ocated at both ends
out of a plurfglditng efrmdébects enmpgnrtdclbodf, t e eiscipuiadne- may also
system that is, in the vicinity of both end portions of beam area

AF, one eachdFaierrdryss flaes iAh iR cdes - Z position

measurenent (hereinafter, shortly referred to_as !Z sensors"), that
o e pair of 7 senCor e PRyl il CAcbaPE BT SIS Aqgten
72d are arra d.i the s trical. pl acement wth _respect

st rai ght Iing&L a&@%%ﬁ?ﬁé§?§§?3%§¥ %;l W%ﬁﬁi;sﬁﬂ§%ﬁ§ %%%ﬁaﬁg P#géﬁ {%F

the | owefssu refx%ﬁ'% 1, %”%'e'?l SRR (:—lg OEE‘ TEN W) S gélg}e \?@.%rg?lm%%%gh Q ystem

72d,_a sensor that irradiates a [ i to mafer t “from above,
recei ves the yefdreaidd ildhccand measties peSiddNalha20 i HLR0matdon

of the wafer table WIB surface at the irradiation point of the |ight
in the Z-axi $rdiademidode bethbgoialant thibelok¥ pbar&posasrapi eXx arph afer
an optical displacement sensor (sensor by an optical pickup nethod),
whi ch has th&ccenfsiupgieati marki kindrpiopts cal api thapeusdiiiaen s adr maeck
device, is used. _ o
formed on a light-receiving plane by the reflected light from
20 the subject mark and an image of an index (an index pattern
on an index plate arranged within each alignment system) (not
shown), using an imaging device {such as CCD), and then outputs
their imaging signals. The imaging signal from each of
primary alignment system ALl and four secondary alignment
25 systems AL2; to ALZ4 is supplied to main controller 20 in FIG.
6.
Incidentally, each of the alignment systems described

above is not limited to the FIA system, and an alignment sensor,

which irradiates a coherent detection light to a subject mark



25 Incidentally, Z sensors 72a to 72d may al so be arranged on the
measur enent frame descri bed above or the Ilike. Mor eover, head
unit 620 described earlier is equipped with a plurality of (in this
case six each, which is a total of twelve) Z sensors 74id (i=1, 2,

j=1, 2, , 6), which 63 are placed corr®sponding to each ot her

along two straight lines at a predeterm ned di stance, the straight

| i nes bei ng ty.al i - d i

and the othe%ﬁglgg%gfkgt%5#%%%Q%¥%£ﬁﬁﬁhgﬁgpgba;%gkggﬁéﬁr%%??%E&?%gg%Ed
connects 5 a gioy atid i bthepds 64 rldkddits, £ a8 s % SR AEHAL (e g.
and 742J that nake a pair are disposed symetrical to straight |ine

LH. Furt her marief £ e gl Uight by Othpaddge oirdelrhd 5 dGdFeactied PagRss Mefing
Z sensors 741,2 and 742d and a plurality of Y heads 64 are pl aced
alternately idififrmcXeakila theezdneonlimstli®dreagenBraersof rdmdihe sukgect
sensor by an optical pickup nethod simlar to Z sensors 72a to 72d
descri bed® eafardy ingarf@are and defjaptshian dagerfarerdisstldndy hataneen

each pair of Z sensqrs 741,i and 742,2 that are |ocated symetrically
with respect &5 iYgRE 495thaLPRP LT AR Q%‘ib’é‘%qfeo%éﬁé“%?‘i‘?%nc§ué§herr

t he di stance 15 between Z sensors 7 an reyiousl escri_bed.
Further, a péﬁﬁeoFEZGEQSEBr%Y%HTF%Zﬁﬁda?gzgﬁghgg %%ghﬁé% gﬂ hér&gpged
straight line. h - axi ir i as, Wit IS ;7 d i
Furiher, head unTE EBACHAnEr bedonar ror i i EE TP (el sfRtens
plurality of it wBtVEihItERitD ¢388) KueesPbe YRR nudtl eqba@Ndo Bl more
2, , 6) that are placed symmetrically to a plurality of" Z sensors

74i d destoi bethaeatlkbesnwi ddusespeotr Laossttigaghodd nerlMagdeseritehumber
earlier. As each Z sensor 76p,q, a sensor by an optical pickup nethod
simlar to Zesgrdoks FRan@fe tthatldidesoriheyd athieepviens msmeider, not the
Further, a pair of Z sensors 761,2 and 762,2 are |ocated on the sane
strai ght |in@ddn nupber.axMerapvesti on sbewemhodimensor §1v2cadadnmeat
Incidentally, Z sensors 74j.i_and 76p," are installed, for exangl

at the mai nf S4TEe8S FhE anchAlR e Bl 44 2R torReifdued t adder I peer

of the main frame that holds projection unit PU, via support

e,
urface

15 member 54. However, the present invention is not limited to
this, and for example, the five alignment systems may also
be arranged on the measurement frame described earlier.
Further, because alignment systems ALl and AL2; to ALZ2,; detect
alignment marks on wafer W and reference marks on and CD bar

20 46, in the embodiment, the systems will also be simply referred
to as a mark detection system.

In exposure apparatus 100 of the embodiment, as shown
in FIG. 3, four head units 62A to 62D of the encoder system
are placed in a state of surrounding nozzle unit 32 described

25 earlier, on all four sides. In actual, head units 62A to 62D
are fixed to the foregoing main frame that holds projection
unit PU in a suspended state via a support member, although
omitted in FIG. 3 from the viewpoint of avoiding intricacy

of the drawings. Incidentally, for example, in the case



64 Further, in the enbodi nent, the nmeasurenent systemthat has Z
sensors 72a to 72d, and 74,d and 76p,,, neasures positional
information of wafer stage WST in the Z-axis direction using one or a
plurality of Z sensors that face the scale previously 5 descri bed.
Therefore, in the exposure operation, Z s&hsors 74i,i and 76p, q used
for position neasurenent are switched, according to the novenent of

f t - .8, ork N | Y. I
Soviandat | edtobne P ansr Fha b s B G el il Gy peac
and at |east ol S80S db T B sQuface: &ach of helsp e dinaly,

t he neasurenent system can neasure not only positional ‘information of
waf er stage Wmtddrdliey Ziaxi proijeectbAnunduitrigl se MoOpidd araknged at the
information (rolling) in the ey direction. Further, in the

enbodi ment, ewmEs @ aesDrinimda e seadhedendnivesyst em detects 15 a
grating surface (a formation surface of a diffraction grating) of the
scal e, ho%ever, thélaashstidpefAsysteftCanral sospetetrey ukdcrd arhdthe

is different fromthe grating surface, such as, for exanple, a

surface of th+@<c5dxf5ﬁ adTCLs'sX thle fvaL i fmatihg &if fgelng the

20l ncidental Iy, _i.n Fl.G_3,..neasurenent _.stage MST i,s om.tted_and a

1 qui d | mrer 91088 T R T E PRt by Ry HEFG T nBh Sy also
bet ween neasuyeneny e 19#5‘?' n 91.i .
reference co e:L 14. E%%‘?%e?@% t%?igiggee%gﬁgeaggggneg ]i‘arn%ﬂl(?éjttelscal

a | ocal air-cond taA N Nep s eStemMdgtalcl aws iy @l s )RS ically with
tenperature is adjusted to a predeterm ned tenperaturé to the

vicinitylof admgamatpaichoptithe awisimoi ntFuAtheyst @8nE90ai t 908)R nd 62D
for exanple, downflow as is indicated by outlined arrows in FIG 3.
Furt her, a refrer easpecoiee UP plrdiechtd e s hant Yislidedmi)~pasidd ofi pieeeetd on
65 wafer on wafer table WIB i s unl oaded, and a reference code LP

i ndi cates a [Yddi Y gosiinorihsheranal twetigrali Sl reataldbron mether Yz ies
WIB. In the enbodinent, unloading position UP and | padi ng position LP
are set symmétri&EHASP fRfhFedded PLEcsdsipar it FrRetpytially the same

,|[ Rgi g:ﬂéaljggi’dti:]sgclﬁ%%dei rpro?noscjg’rji%%lugx%nsd Al)P%dIJ rfagco%%%ittiio%n olfal?:inéaﬁ bs%'stem
15 PL.
As shown in FIG. 3, head units 622 and 62C are each
equipped with a plurality of (six in this case) Y heads 64
that are placed at a predetermined distance on a straight line
LH that passes through optical axis BX of projection optical
20 system PL and is parallel to the X-axis, along the X-axis
direction. Head unit 62A constitutes a multiple-lens
{six-lens in this case) Y linear encoder (hereinafter, shortly
referred to as a “Y encoder” or an “encoder” as needed) 70A
(refer to FIG. 6) that measures the position in the Y-axis
25 direction (the Y-position) of wafer stage WST (wafer table
WTB) using Y scale 39Y; described above. Similarly, head unit
62C constitutes a multiple-lens (six-~lens, in this case} Y

linear encoder 70C (refer to FIG. 6) that measures the

Y-position of wafer stage WST (wafer table WTB) using Y scale



FIG 6 shows the main configuration of the control system of exposure
apparatus 100. The control systemis mainly configured of main
controller 20 conposed of a m croconputer 10 (or workstation) that
perfornms overall control of the entire apparatus. In a nenory 34

which is an external storage device conn '&ing to main controller 20,

correction information, which will be described below, is stored.

I ncidentally,3dv¥) BeGcrnet@hhbOys SERTOLF; SULhsAS H”&Y@Eah&%éﬂ%ﬁﬁé‘&ﬁ

measuring 15 senisor 94, aerial inage neasuring | nstfunment

wavefront abeldpident WeRSHAs NE i(ASEN UABASuSSnees Wd el RHAYLBHS! ¥n head
that are arranged at neasurenent stage MST are collectively shown as

a sensor groumid®: dap expo$eCeiappatathsri80 dhathe weidodi iferdthav-Glxis
is 20 configured in the manner described above, because the pl acenent
of the X scaldisremdion stfalYesaeiasmEayY it ablle3WB & hehencara angereEite, a
of the X heads and Y heads_which were described above_ were enpl oyed,

in the efPectigngtdt plexrichhgee G%tor eFypbbrti @it 9f 4 RlukralérBef }rgréma,ds

the range in ich the stage 25 noves for_alignment and exposure

oper at i gn) of%?‘éF StageT PR eht " 8ash %zleﬁ%héﬁélt%&% atrﬁjesggt af hsed
18 X heads b nging @%%%1% it fng ndt % c)nust R ce %P Iea% Qne ;
of X scale 3 and - 3 . and’'a eadt “on2 At oA edcH, - ot v ESd
64yl and 64 i e iLts ng. 6 %gﬁg{' y
66yface Y sggfggkg§$%a%€ ggnggt#gggeg %@g y?Lage?l ugg?gfe |ﬁ! GSFO

7A and 7B. Thafe isS.dedbofl ﬁ@%tzl@n@nQ@CBZOén&t‘§s§ﬁ§r€§1|90ﬂéiri1£‘gl§1ﬁ)ads% &% to
made to face at | east the three out of the four scal es

51 nci dent@l | he phaEt &8s Fhoand siihs4 el dead vhbphitatescithef projection
corresponding X scale or Y scale is shown surrounded in a circle.
Theref ore, i wrtheadf fawsttiame Kiroke range of wafer stage WST referred
to earlier, by controlling each notor that 10 configures stage drive

system 124, based &% &hoWeash 1ot dlr dRachusd tmbadudemenuivaegeyish a
e encoders oY SaoTSRtens IO A% 105 And Al Leasl one o1 o
i/\gfl'o{ rr:a: ihgnx inncsltlfccging%tr cf[[iaxwi[cei 0 ian: tah%r%zde%erremcitrie%)diosfta\Archfeeralsc;[naggeche
15 Y-axis direction. Further, head unit 62D is equipped with a
plurality of (eleven in this case, out of eleven X heads,
however, three X heads that overlap primary alignment system
ALl are not shown in FIG. 3) X heads 66 that are placed on
straight line LV at a predetermined distance. Head unit 62B
20 constitutes a multiple-lens (seven-lens, in this case) X
linear encoder (hereinafter, shortly referred to as an “X
encoder” or an “encoder” as needed) 70B (refer to FIG. 6) that
measures the position in the X-axis direction (the X-position)
of wafer stage WST (wafer table WTB) using X scale 39X;
25 described above. Further, head unit 62D constitutes a
multiple-~lens (eleven-lens, in this case) X encoder 70D (refer
to FIG. 6) that measures the X-position of wafer stage WST

(wafer table WIB) using X scale 39X, described above. Further,

in the embodiment, for example, at the time of alignment (to



15 plane with high accuracy. Because the effect of the air
fluctuation that the neasurenent values of encoder 70A to 70D receive
is small enough so that it can be ignored when conpared with an
interferoneter, the short-termstability of the measurenent val ues
affected by the air fluctuation is 20 reﬁ%%kably good when conpared
with the interferoneter. Further, when wafer stage WBT is

driven in theX@us idleeehtan) asr 5 SHQWR by, 8 %‘%Aeoirsn%% %E%&ri%ﬂﬁven

FIG 7A, Y heads 64 that neasure the posSition of wa stage

the Y-axis diy eekid@near ensementd flilppsvihchedd @sit Sedmdiiealiedibusly
arrows 25 el and e2 in the drawing, to the adjacent Y heads 64. For

exanpl e, the flreadX acelsvdxgheddfx @maYehBors redepe and<34A3n Ssbhe® Waded .
by a solid circle to Y heads 64c4 and 64A4 that are surrounded by a
dotted circl &n Thesef oreesbef gra lor 38Kt end i besui §€MaminaXl sokage3 9X;

process of the neasurenent values 67 which will be described |ater
on i s per?or ASRSNBTUE S Pediipradl Epcofiart heB erdidremale A 98 durd %o head

performthe switchi.ng of the Y heads 64 and the |linkage process_of
t he measure é‘aﬂlﬁ% %&d‘taﬁey, %2e CANStAREESHEL \J\ééﬁang§€8ﬁﬁrY7§D'

heads 64 that head.units 62A and_62 have. s set | Ler,than t he
wi dth of Y scal es gg%fazlhdsgg?zg}fnejt%‘éeg(-))af{‘ieéd&’i ;gﬁt ?‘Bthls case, three

Further, in & 'eng:ﬁ& j [ q:ﬁ]’]%eat - '

66 that are éﬂlﬁ?ﬁ‘g%%qi n eaéc %ﬁf&t%sﬁégggggg 6 _|é'/s§_§g?ggj£$§’\?\%?§ ﬁ%?ing%r
width of X sal eF IPihaaid SPnidhtlGihem’-ax.s eLreaki-ONadgikSance
descri bed previously, when wafer stage WST is driven in the Y-axis

di rect i ohO as hiatdiecat edjaceat qutHdats a6 owdas ddmentB beoamvad et tahat
measures the position in the X-axis direction of wafer stage WST is
sequenti al | y eswiiplesdinccach adeheaX drekits 6&B( end. 620 HeadeB6sHdrter than
circled by a solid line is switched to X head 66 circled by a dotted
line), and tReYErfkage Procesaxl diked®surdndnscyheserdfsapdr 3 karddo

before and after the sw tching.
e more accurate,E% length of grid line 37). Further, X head

66 located innermost out of a plurality of X heads 66 that
15 are equipped in each of head units 62B and 62D is fixed to
the lower end portion of the barrel of projection optical
system PL (to be more accurate, to the side of nozzle unit
32 enclosing tip lens 191) so as to be placed as close as
possible to the optical axis of projection optical system PL.
20 Moreover, on the -X side of secondary alignment system
AL2; and on the +X side of secondary alignment system ALZ,,
Y heads 64y; and 64y, are respectively arranged, whose
detection points are placed on a straight line parallel to
the X-axis that passes through the detection center of primary
25 alignment system ALl and are substantially symmetrically
placed with respect to the detection center. The distance
between Y heads 64y; and 64y, is set substantially equal to
distance L described previously. Y heads 64y; and 64y, face

Y scales 39Y; and 39Y; respectively in a state where the center



Next, the configuration and the |ike of encoders 70A to 70F will be
descri bed, focusing on Y encoder 70A that is 20 enlargedly shown in
FIG 8A, as a representative. FIG 8A shows one Y head 64 of head
unit 62A that irradiates a detection |light (measurenent beam) to Y
scal e 39Y1. Y head 64 is mainly %mosed of three sections,
which are an irradiati on system 64a, an optical system 64b and a 25

phot odet ect | Qﬁ]%ﬁé%te%%ﬁ- afer sg:ea?r;e]r ﬁ%‘r?&éo& %@aﬂ@h@‘@%%@%ﬁﬁfﬁ ts%grx{m

| i ght source at emts a |aser in a direction i i ne

angle of 45 degrees witiod @ePatt ghRehBeoped foNd Lo8XdSsctMed later)
exanpl e, a sem conductor |aser LID, and a converging lens LI that is

68 pl aced on dheheptigel, pasbabés |FBErahaapptBaek bledelir oating Y heads
sem conductor | aser LD. Optical system 64b 1s equipped with a
pol ari zat i on ¥eamasyl ifdver r @BSevnbsel gepandt tha Ytaneif sopafahtiethéodz
an XZ plane, 5 a pair of reflection mrrors Rla and Rib, |enses L2a
and L2b, guaridrbierrol eigtRigrastagenes Bi hameaasured énr €dheadascaynand
plate) WPla and WPlb, reflection mrrors R2a and R2b, and the |ike.
Phot odet ect i @4y§yéf‘e?ﬁ6 ce?%%%a%rsq(ic Fotchri%ecorddaniegy By) ¥ heads 64y:
phot odet ect Oraznoa%q; he |ike. In Y encoder 70A, |aser beam LB
emtted fromsemc ﬁ&uctor | aser LD is incident on polarization beam

splitter PBS via Iﬁg]sft lor,aNG it eS o YR graittﬁf%%g%i Qo earR

LB]. and LB2 Beam aving been transmtté

pol ari zati on rReam&ldrt efr RBR reacdifs e fd 1eciing didfdagtd O(ftcgr}:gé ing

RG that is fornmed on Y scale 39Y1, via reflection mrror R a, an
beam LB21¢ ef |deciced hefd lJplear)i zat itdre Deam,sp iddier ABZgRaddiR® gratings

reflective diffraction grating RGvia reflection mrror Rib.
| nci dental | y,52'ofl CD byprpébafacatY drdads G4yisand 64y, respectively, and
the Y-position of CD bar 46 i1s measured at the position of
each of reference gratings 52 by Y heads 64y; and 64y, and facing
reference gratings 52. In the following description,
15 encoders that are composed of Y heads 64y, and 64y, facing
reference gratings 52 respectively are referred to as Y-axis
linear encoders 70E and 70F (refer to FIG. 6).
Six linear encoders 70A to 70F described above measure
the positional information of wafer stage WST in each
20 measurement direction at a resolution of, for example, around
0.1 nm, and the measurement values {(measurement information)
are supplied to main controller 20. Main controller 20
controls the position within the XY plane of wafer table WTB
based on the measurement values of linear encoders 704 to 70D,
25 and also controls the rotation in the 6z direction of CD bar
46 based on the measurement values of linear encoders 70E and
70F. Incidentally, the configuration and the like of the
linear encoder will be described further later in the

description.



20 case neans the splitting of an incident beaminto a P-polarization
conponent and an S-pol arization conponent. Predeterm ned-order
diffraction beans that are generated fromdiffraction grating RG due
to irradiation of beans LB]. and LB2, for exanple, the first-order
diffraction 25 beans are severally converfled into a circul ar

pol ari zed light by A/4 plates WP1lb and WPl a via | enses L2b and L2a,

and reflected by reflection mrrors R2b d and.then the beans . .
pass through A/ 4 pl%élt %ép%EBeaarPcPW%usaglgi%nogﬁcg“er gggﬁgfjglﬁgﬁ’z%tploﬁﬁtlon

beam spl i ttermga%%ﬁxlgt et ng t o?ﬁ%eﬁg%%%?dlosp&'%dlh ided e tion t%fe

reversed direction. Eac zati on directions of

two beans thalaftave ieathed-pakardzatdoiobeam sphhsier PBSshswholmtrad .
at an angle of 90 degrees with respect to the original direction. 5

Therefore, tig fiir stheoradeyodlinditgctd o Hre v 0ift lheamdd3udimi Wwasice, a
previously transmtted through polarization beamsplitter PBS is

ref | ect ed> of fmyddlimdizdt i fmradeamssigliian etetRBS imyl dysstiami deteiormfter,
phot odet ection system 64c, and also the first-order diffraction beam
of beam LB2 &t s TBEBVIEBHSTY a0 raf lddiaad ndf RF ol strew'at Pemdhedrhique

Ind i 5 synt heSTISE oMY i 3 K3F PN IS LBl R 1 b
e e Mt AR UG RA boS’ A8 Snd EShEERL: 8 RIPSOSS SA, A
has the configuration similar to the one disclosed in, for
10 example, Kokai (Japanese Unexamined Patent Application
Publication} No. 06~283403 {the corresponding U.S3. Patent No.
5,448,332) and the like. 1In the embodiment, as an example,
irradiation system 90a is placed on the ~-Y side of the -X end
portion of head unit 62C described previously and
15 photodetection system 90b is placed on the -Y side of the +%
end portion of head unit 622 in a state of opposing irradiation
system 90a.
A plurality of detection points of the multipoint AF
system (20a, 90b) are placed at a predetermined distance along
20 the X-axis direction on the surface to be detected, although
it is omitted in the drawings. In the embodiment, the
plurality of detection points are placed, for example, in the
arrangement of a matrix having one row and M columns (M is
a total number of detection points) or having two rows and
25 N columns (N is a half of a total number of detection points).
In FIG. 3, the plurality of detection points to which a
detection beam is severally irradiated are not individually

shown, but are shown as an elongate detection area (beam area)

AF that extends in the X-axis direction between irradiation



15Then, the pol arization directions of the two first-order
diffraction beans descri bed above are uniformy arranged by the

anal yzer inside photodetection system 64c and the beans interfere
with each other to be an interference light, and the interference
light is detected by the photodetector ard 20 is converted into an
electric signal in accordance with the intensity of the interference

l'ight. As i bvi ous, f th I pti, b , Lh Y encod 70A,
Si noe the opiTEHDRTF FEHyPRE ORSERECIAD BURREM A0Be |EHS ciied grgth

extrenely ShQﬁ?d%?%c%E%% gESaqiﬁgﬁ}tﬁguﬁl%%?s%%JﬁﬁzGigﬁg%rsakg%)@round

I nfluence by air fluctuations can nostly I gnore

scal e 39Y1 (mBlL SRRCIL CRL! YiaMBter SFagerdBh, MES idhafl information

nmeasurenent direction (in this case, the Y-axis direction), the phase
of the two beank fehangesitheapactd Med vioniiaht KhanG&s st herédt edsiddtoss

of the interference 70
5 substantially the entire surface of wafer W can be measured

by only scanning wafer W in the Y-axis direction once. Further,
since detection area AF 1is placed between liquid immersion
area 14 (exposure area IA) described earlier and the detection
areas of the alignment systems (ALl, ALZ2;, AL2,, ALZ23; and ALZ2,)

10 in the Y-axis direction, the detection operations of the
multipoint AF system and the alignment systems can be performed
in parallel. The multipoint AF system may also be arranged
on the main frame that holds projection unit PU or the like,
but is to be arranged on the measurement frame described

15 earlier in the embodiment.

Incidentally, the plurality of detection points are to
be placed in one row and M columns, or two rows and N columns,
but the number(s) of rows and/or columns is/are not limited
to these numbers. However, in the case the number of rows is

20 itwoormore, the positions in the X-axis direction of detection
points are preferably made to be different even between the
different rows. Moreover, the plurality of detection points
are to be placed along the X-axis direction. However, the
present invention is not limited to this, and all of or some

25 of the plurality of detection points may also be placed at
different positions in the Y-axis direction. For example, the
plurality of detection points may also be placed along a
direction that intersects both of the X-axis and the Y-axis.

That is, the positions of the plurality of detection points



light. This change in the intensity of the interference light is
detected by photodetecti on system 64c, and positional information
corresponding to the intensity change is output as a neasurenent

val ue of Y encoder 70A. O her encoders 70B, 5 700, 70D, 70E, and 70F
are also configured simlarly with encoder2 70A. Meanwhi | e,
when wafer stage WST noves in a direction different fromthe Y-axis

di recti on and | ati t1.0 arelati em)tlon in_a direc

bosi dos tha hebiot et 0, SR PO R6hT bl e Del Dot ot e dipogeion.
scal e 39Y1 'rf‘lfrtﬁ{é’recgl 8@t§§1§1gne%eta?ne gl eggllrratcﬁ]fétgé]$u Eihbe lurfd. ty
measured, in nost cdses, a neasurenent”error occurs in Cencoder A

due to such rs%lo%&eaﬂqro%f hitels 1 ghehge&ﬂeea 9§ thL S MRASWANEN beam

error generation wll escri be 15First of all, a relation

bet ween the Infﬁ)el‘aslsld/bﬁ iRl fateaNae | ifH dddplies Y hesdized fi@mor
two return beans LBl and LB2 and di spl ‘acenent (reI ative di spl acenent

Wi th Y head @Btadfti¥rsaake BOY2 HurefHeaotdre) ghatliagytRGhfi detett v@d.area
In FIG 86, supposing that beam LB1, which was reflected 20 off
reflection nifk ép FheXiaxindidention dets ectli baverae imnREray e same
angle eao, and a nath order diffraction light is to be generated at

an angl e Gal 2sadd® b anstiah Heatdismi®th is reflected off reflection

mrror R2a and follo the return pat i nci, de efl ection
Grat 1 ng RG at anarfdh Bhe SHRSHRMER 1 (HEaELFGRITHGRE IS YonkraBednts
agai n. Inth| h ff t t 0 t Ieeao
agd noves tovvzorc%l %1‘ Iatt ?)loglrk]l %51?%0?8&' {%E?%l lhv]\li‘ijghlg eg%rqaegtleﬁ%%% tpomlts

path is ap n%tﬂwt%dﬁuleimﬁ?tmwslt ewhkchs i s ﬂ'eftriﬁmeg Af Hfen

of the same order as the diffraction |ght generate
outward path.end portidiamhbkan hesmEBLAetheatesh plfr sefFL6s | 'p@@ltczll_on

mrror Rib is incident on reflection grating RG at an angle Oobo
an nbt h ordersedisfdfrsacidrorg lgoghitt iich gerenateecerat @remniglarftesr, shortly
referred to as “Z sensors”), that is, a pair of Z sensors 72a
and 72b and a pair of Z sensors 72c¢c and 72d are arranged in
15 the symmetrical placement .with respect to straight line LV
described earlier. Z sensors 72a to 72d are fixed to the lower
surface ¢f a main frame (not shown). As Z sensors 72a to 72d,
a sensor that irradiates a light to wafer table WTB from above,
receives the reflected light and measures positional
20 information of the wafer table WIB surface at the irradiation
point of the light in the Z-axis direction orthogonal to the
XY plane, as an example, an optical displacement sensor (sensor
by an optical pickup method), which has the configuration like
an optical pickup used in a CD drive device, is used.
25 Incidentally, Z sensors 72a to 72d may also be arranged on
the measurement frame described above or the like.
Moreover, head unit 62C described earlier is equipped
with a plurality of (in this case six each, which is a total

of twelve) 2 sensors 74;,4 (i=1, 2, j=1, 2, ..... ; 6}, which



5 Supposing that this diffraction light is reflected off reflection
mrror R2b and returns to reflection mrror Rib follow ng the sane
optical path. In this case, intensity | of the interference

| i ght synthesized by the two return beans LB and LB2 is dependent 10
on a phase difference (1) between the twé3eturn beans LB1 and LB2 in
the light receiving position of the photodetector, by I cc 1+cos(1).

However, the a'ﬂétﬁféééé( c%frﬁéatr%%ofns 161%e1§o@ensealé§]dthan:9a&§§9$vso t%ﬁ]é%]?%}?‘gli%lnes

to each other. riving phase er

omtted here_+l -?ﬂg§ . e | rety

obt ai ned by taril:eé ol \I&%\\/{:\n%;\%nl or nﬁfgt%;%?é' (I%I%Pe éé%(?&li_égr{ gﬁ?lr?%}}r)\%?égéﬁga%%ﬁl
AZ (cosebi ++t¢0§eRaigh€OPiRE]ILH -arPe880)ocated On Hhe side ahd tH Sther
case, KAL is the phase difference due to an optical path difference

AL of the twsikbeans diBlai@and1iB2, LIAY N shdixs@acenentcof onefih £ icodhect s
grating RGin the +Y-direction, AZ is displacenent of reflection
grating R&G i plaraZidiyre€tYomeads ¢li s Inhehpst casef I heerdidds achjpand
grating, and_nb and na are the diffraction order of each diffraction

i ght descri Héd. abod. make FolPadwi Rgef SHpposede symegtadicatefe stragght

line LH. Furthermore, the plurality of pairs {(in this case,
six pairs) of Z sensors 74:,y and 742,y and a plurality of Y
heads 64 are placed alternately in the X-axis direction. As
10 each Z sensor 74;,5, a sensor by an optical pickup method similar
to Z sensors 72a to 72d described earlier 1s used.
In this case, the distance between each pair of Z sensors
74,,4 and 74,5 that are located symmetrically with respect to
straight line LH is set to be the same distance as the distance
15 between Z sensors 72a and 72b previously described. Further,
a pair of Z sensors 74;,; and 74;,4 are located on the same
straight line in the Y-axis direction as with Z sensors 72a
and 72Zb.
Further, head unit 62A described earlier is equipped
20 with a plurality of (twelve in this case) Z sensors 7654 (p=1,
2 and g=1, 2, ...... ; 6) that are placed symmetrically to
a plurality of Z sensors 74;,4 described earlier with respect
to straight line LV described earlier. As each Z sensor 76,4,
a sensor by an optical pickup method similar to Z sensors 72a
25 to 72d described earlier is used. Further, a pair of Z sensors
161,353 and 76;,3 are located on the same straight line in the
Y~axis direction as with Z sensors 72¢ and 72d. Incidentally,
Z sensors 74,5 and 76,5 are installed, for example, at the

mainframe or the measurement frame previously described.



5In such a case, inside the parenthesis of the third termon the
right-hand side of fornmula (7) beconmes zero, and al so at the sane
time nb= -na (=n) , therefore, the followng formula (9) can be
obt ai ned. 10+sr, (AY) =2nLY/ (p/4n) ... (9 From formula (9)
above, it can be seen that phase differericde 4srnis not dependent on
the wavel ength of the light. As a sinple exanple, two cases shown in

FI GS. 9A d 9B .15 wil.l b 1si d First of all], in th

FCS, A SRR L, v e eonslder et Pl cloall dnihe 055,
di ti h i i Lned i t f MBT
direction (hoAd B not, Lochined)o SUppOsiAg 40l WAL, 308 W8Ty
because ther %ﬁ&d&%i%}%&%aferogﬁégﬁ'ewsgfgﬁl dhkferepce cgjflrect?ﬁoxf gl%ri%g

are no changes in the first termon t - hand si de fornu

(7). The secwifk berdnleGRTES ZEF®% seGTE fat X SUPBROSEA1 OBl ichsly
And, the third term becones zero because it satisfies the symmetry of
formul a (8). dasoridianyl y Theeecbhargeincthe sexpo phaseoghfdtet@nce? (densors
and further no intensity 25 change of the interference |ight occurs.

As a result, ‘e mgubul nisedl ber (poaationl nepsvtremiateacedavwidaed,
does not change. , Meanwhile, in the case of FIG 9B, the

optical axis CHEHIBAY $henBPvRBENtheddvaicr sstagei ety wuafhermore,

espect 10, Ue, 13 Zotle SUpPORLIg el L SLate VBT MR 4 ccncox
T oo A SPLE S L IRES A8 B L0554 SRSl B3 scrnaox

10 745,y also face each other. Accordingly, the measurement
system can measure not only positional information of wafer
stage WST in the Z-axis direction, but also positional
information {(rolling) in the 8 y direction. Further, in the
embodiment, each Z sensor of the measurement system detects

15 a grating surface (a formation surface of a diffraction
grating} of the scale, however, the measurement system can
also detect a surface that is different from the grating
surface, such as, for example, a surface c¢f the cover glass
that covers the grating surface.

20 Incidentally, in FIG. 3, measurement stage MST is
omitted and a liquid immersion area that is formed by water
Lg held in the space between measurement stage MST and tip
lens 191 is shown by a reference code 14. Further, in FIG.
3, a reference code 78 indicates a local air-conditioning

25 system that blows dry air whose temperature is adjusted to
a predetermined temperature to the vicinity of a beam path
of the multipoint AF system (90a, 90b) by, for example,
downflow as is indicated by outlined arrows in FIG. 3. Further,

a reference code UP indicates an unloading position where a



5 right-hand side of fornmula (7). And, the second term becones zero,
according to supposition 4 Y =0. However, because the head is
inclined, the symmetry of forrmula (8) will be lost, and the third
termw |l not become zero and will change in proportlon to Z

di spl acement 4 Z. Accordingly, a change & occurs in phase difference
$, and as a consequence, the measur enent val ue changes I nci dental |y,

even if headd%%éé(?%uc re WA1B Q§ggﬂbﬁgggﬁﬂe % %%ﬁ%@%nce code

optical properties ecentr|C|

of formula (8p lsldl%%tue@rad 1%1@@5;555%@% VA Cah%awesf |J.'§(Q_‘Ma§%d on
More 15 specifically, characteristic information of the head unit,

which is a gendfeat tapléattmr ah the chBasuhenent uel &odi g 3¢ t@RGOTE and
system includes not only the gradient of the head but also the

optical propedsddsigagameltioruiR kerg it hpogtetitidadl lgmiwited desddwer to
drawi ngs, in the 20 case displacenment occurs in_a direction
perpendlcﬁlaﬁﬁ2§#9ﬂ¥r#&ﬁﬁw ningifeatrdAy(t helvaging goséttioonPPandd

the optical axis direction (the Z-axis direction), (AX#0O AY=0
AZ=0), the Ngﬁtﬂ‘lé]h?e A4S o ™St h@ndﬁ%’t}‘e SANY GIRFidsiAhe direction

| i tudi nal di h th || f diff t
érg??hg“R'G”?aceLr?ﬁﬁ ChGEBHAERONERE HELS A ERHCTUPE GiS GHC ABhavEen
in the case g%‘ffr'eo%g ﬂ\%sorfdbo.goﬁ‘ﬂ%’ c%ﬁ?%&' \égélée{?@%r a%‘ig}

a gain proportlon toth our CasSes asS's

in, for examplggri gu@%d %@Améi’n%t%lleP@OCQBﬁFggéﬁdofEal Exﬁfcr%fcoﬁr‘ﬂuter

in the case of FI 74 10A, the optical axis of head 64 coincides

Wi th thelZ- axics dbteeth@fohnhetllabdésfiats icv@danadronkven 6f twad @htire
stage WST noves in the +Z direction and shifts to a condition shown

in FIG 108 fapparaiivs .st ahes mehe riyeds whenent s\l eetefrntiies encagedeyice
does not change since the case is the sanme as in FIG 9A previously
descri bed. connegging SigpPesiar eat nudfler 2lageomBEatdtaat ds fammatdon,
the X-axis fr?ﬂ1the state shown in FIG 108 and noves into a state

Whi6E. Vi1t RPsdgasElpart RebgN, t he HedEednd [iifd drptecdive in

shown in FI G

d t f t t f (Y th
00 o P R LAl L e 504 S PR o R G N Lng

rotati om of wakeh, Shage Mk el £0200e8, TRl B UG ront

t he encoder. , neasure nt error écurs |n encoder
system due tQ@paRration measuring instrument 98 described previously that

are arranged at measurement stage MST are collectively shown
as a sensor group 99,
In exposure apparatus 100 of the embodiment which is
20 configured in the manner described above, because the
placement of the X scales and Y scales on wafer table WTB and
the arrangement of the X heads and Y heads which were described
above were employed, in the effective stroke range ( more
specifically, in the embodiment, the range in which the stage
25 moves for alignment and exposure operation) of wafer stage
WST, at least one X head 66 in the total of 18 X heads belonging
to head units 62B and 62D must face at least one of X scale
39X; and 39Xz, and at least one Y head 64 each, or Y head 64y,

and 64y; belonging to head units 624 and 62C, also respectively



15 inclination (tilt) of wafer stage WST. Next, suppose that
waf er stage WST noves downward froma state showmn in FIG 100 and
noves into a state shown in FIG 10D. In this case, a change in
optical path difference A L does not occur because wafer stage WST
does not rotate. 20 However, because the 8ymmetry of fornula (8) has
been | ost, phase difference (1) changes by Z displacenent 4Z through

the third t he, _ri_ght,- d si f I A i ngl .
Lhe rnsar oo B ket B Ben phSE T Rt L AFOT A e s
measur ement vgake ofp t eﬂ§pd%ﬁa%ni%hea%a§% Qf Fk@'e%%@ %2 hegones
the sane neasurenent val Ue as the casé in Fl G 10A. ccordi ng

to a result ddoRrSigBididPmdddy tdhenddvear oscand thadd k8ie three out
performed, it becane clear that the neasurenent val ue of the encoder

has sensitividfy gtod fly demleegposi ti onal change of the scale in the
Y-axis direction, which is the 75 measurenment direction, but also

has sensi Pivity to Iaciganttaldey ,chanf&GBn Therdk 7@, r ebei baadtweich faces
pitching direction) and the Oz direction (the yawing direction), and
nor eover, depeRISBH IIROPHSIA KosaR lehange ﬁﬂazﬁelz-%"}@‘@ dyreqursked An
the case 5 such as when the symmetry has been lost as is previously
described. THat®%i=1%he theoretical description previously described

agreed with the result t he, si nul atdon., . Therefore,. in_the
embodi ment, corr ecf‘r'ilﬂloeﬁ:e&il réar’rrépi%rhye teff%&trlé’c?t SRR AetH e RENY S B F GiTa9e
of each encoggfr caused 20 gl atyd i af , t ead

scale in thqurectl on %gstfcgges t le&ﬁeaﬂxfce%]{&gjilg ctélhgcnmi S acgfc;gcﬁegtg

as follows. configuredistSlgeOtirahbk, sBEBMCON | Adfiq 26 dei vesswaf &lotal
stage WST via stage drive system 124, while nonitoring the

measur enent i tieseome¥ duttettdray oakties ckothXehabaetker, arete atb ehthders
and Z interferoneters 43A and 4313 of interferoneter system 118, and
as shown in FOBSantl A0&hdahti6atnbkestYoheadf 6éntodat ed/ JRrandstOR,0 main
the -X side of head unit 62A face an arbitrary area (an area circled
in FIG 11A) Rt e 2l0ec30120BATE heP@ppleoBayk fiatko ia idrer (itnglugding
WIB. rotation in the 8z direction) of wafer stage WST in the XY
15 plane with high accuracy. Because the effect of the air
fluctuation that the measurement values of encoder 70A to 70D
receive is small enough so that it can be ignored when compared
with an interferometer, the short-term stability of the
measurement values affected by the air fluctuation is
20 remarkably good when compared with the interferometer.
Further, when wafer stage WST is driven in the X-axis
direction as is shown by an outlined arrow in FIG. 7A, Y heads
64 that measure the position of wafer stage WST in the Y-axis
direction are sequentially switched, as is indicated by arrows
25 e; and e; in the drawing, to the adjacent Y heads 64. For
example, the heads are switched from Y heads 64,3 and 64j;
surrounded by a solid circle to Y heads 64¢, and 644 that are

surrounded by a dotted circle. Therefore, before or after

this switching, a linkage process of the measurement values



20b. Then, based on the nmeasurenent values of Y interferonmeter 16 and
Z interferometers 43A and 43B, main controller 20 drives wafer table
WB (wafer stage WST) so that rolling amount Oy and yawi ng anmount Oz

of wafer table WIB (wafer stage WST) both beconme zero while a

pitchi ng anbunt Ox al so 25 becones a desi%’ed value ao (in this case,

ao = 20012rad), irradiates a detection light on area AR of Y scale

39Y1 from heq‘qllig:zik1 apgve }:ﬁ:_f tflsd el 1148 Ands iy ;%W;}e eg val ue

whi ch corresponds to a photoel ectric conversion 64
which has recgiecad it mef lectard ldridindeAn 11 mRlr 6 JBMIMh the
c. Next, while maintaining the attitude (pitching anount ex = uo,

yawi ng anountswezchithg red Itheg vanmeads &4 z2rd) tofe VAhadealre BB of the
(waf er stage WST) based on the neasurenent 5 values of Y

i nt erf er onet ereabdirarent vatlawef emopthéys 4BA dbsit438; betiwveeortdjddesrt Y
20 drives wafer table WIB (wafer stage WST) within a predeterm ned
range, sueh &€adsollekhaplbead ieniandRdpnd §8phive F20opmImeller than
Z-axis direction as,.is indicated by an arrow. in, Fl 11B, . , ,
sequenti al | ytﬁ’&é’édith Phe’18° a%uf{%%aeﬁ@dvgﬁaésl%d?%ee%@ﬁﬁi%&ltr&cttﬁ@n-
phot oel ectric conv i.on _signals fr ead 64 whi_ch has, .receive he
reflected |ight at %ré%%?lée&ét dnithey <k lfnﬁglﬁi’ntsé'rr\(fgl AfEeEance BethEen

irradiating i i.ght ~@n a Y, I Y1, f
descri bed ab%\?é%?aeri ngnthﬁgg ri6§eFﬁ%§da£€o€ %1?%%@\/% ﬁg%gq Iﬁ?é’tﬂl%‘?ﬁ dha

internal meEMERYD is set ndrrHRXE, tHE Ny qQRichoblrer L0 changws LR 39%, in

pi tchi ng anount of wafer table WIB (wafer stage WST) to (ex = uo -

Au), bask@l omheh&-peasuterentival desiofddsdnilesd egei®is1IyS, when wafer
stage WST is driven in the Y-axis direction as indicated by
an outline arrow in FIG. 7B, X head 66 that measures the
position in the X-axis direction of wafer stage WST is
sequentially switched to adjacent X head 66 {e.g. X head 66

15 circled by & solid line is switched to X head 66 circled by
a dotted line)}, and the linkage process of the measurement
values is performed before and after the switching.

Next, the configuration and the like of encoders 70A to
70F will be described, focusing on Y encoder 70A that is

20 enlargedly shown in FIG. BA, as a representative. FIG. 8A
shows one Y head 64 of head unit 622 that irradiates a detection
light (measurement beam) to Y scale 39Y;.

Y head 64 is mainly composed of three sections, which
are an irradiation system 64a, an optical system 64b and a

25 photodetection system 64c.

Irradiation system 64a includes a light source that
emits a laser beam LB in a direction inclined at an angle of

45 degrees with respect to the Y-axis and Z-axis, for example,

a semiconductor laser LD, and a converging lens L1 that is



e. Then, as for the attitude after the change, nmain 20 controller 20
repeats an operation simlar to c. described above. f. Then,
main controller 20 alternately repeats the operations of d. and e
descri bed above, and for a range where pitching anount ex is, for
exanpl e, -200p, rad <ex<+200p,rad, 25 také® in the neasurenment val ues
of head 64 wthin the Z drive range descri bed above at Au(rad), at an

i nterval of, I rad. : ngt of L. ng
data within l%rcieﬁdt(gc{%a ené%gﬁly&gbtpﬁtﬁeffb%at e &eoa(?%s@ese%%g?e. m
descri bed abqwg,i¢hnd{-tbt Wordivefsi onal coordi nate syst em whose

hori zontal axis indicates a Z position and vertical axis indicates an

encoder count val ugptseguesykakhyedy Alsi 8guPbPEdROIHH 8 pWEL Ll 14l on beam
pitching amounts are the sane, and shifting the horizontal 5 axis in

the vertical sgiictdir BBEiwdrossoséhatradibnmd e honhazaitlall tore Xh tllaee,
center) which indicates a zero pitching anount passes through the

ori gin, mainapairopf areRKieciroptiainers §lapind Kidr.apknskst Ldacmd &2b,
change characteristic of .t he nmeasurenent val ues of the encoder (head)

accor di ng t o ¥E BN HaVEFENPhG Blathe (RAEFIAERY, H9e11ee SRS Howr 4
i FIG 12. T | f ti | i t h i nt h
S 2, T oL A 0 1 880D 00 0k o

encoder in egghZ position, in pitching amunt O« = a. Therefore,
mai n control I'er 20 sees pitching anount 8x, the 15 Z position, and

the encoder nmeasur eRRRL IR 1&8h %g%ﬁe&o%ﬁh_Q%CH%%e%r%p@oh%rE&@r 12
as a table data, and stores the table data in nenory 34 (refer to

FIG 6) B8 st(@age lpesin)i,on iphitertRIdtr ,CmEaiHeon ik .ormation. O
main controller 20 sees the neasurenent error as a function of Z
position z and pitdhn dgencoder 70A, laser beam LB emitted from
semiconductor laser LD is incident on polarization beam
splitter PBS via lens L1, and is split by polarization into.
two beams LB; and LB;. Beam LB; havingbeen transmitted through
15 polarization beam splitter PBS reaches reflective diffraction
grating RG that is formed on Y scale 39Y;, via reflectionmirror
Rla, and beam LB; reflected off polarization beam splitter PBS
reaches reflective diffraction grating RG via reflection
mirror Rlb. Incidentally, %“split by polarization” in this
20 case means the splitting of an incident beam into a
P-polarization component and an S-polarization component.
Predetermined-order diffraction beams that are
generated from diffraction grating RG due to irradiation of
beams LB; and LB, for example, the first-order diffraction
25 beams are severally converted into a circular polarized light
by A/4 plates WPlb and WPla via lenses L2b and L2a, and
reflected by reflection mirrors R2b and R2a and then the beams
pass through A/4 plates WPlb and WPla again and reach

polarization beam splitter PBS by tracing the same optical



20 anmount 8x, and obtains the function conputing an undeterm ned
coefficient, for exanple, by the |east-squares nethod, and stores the
function in nmenory 34 as stage position induced error correction
information. h. Next, main controller 20 drives wafer stage WST in 25
the - X-direction by a predeterm ned amolit via stage drive system
124 while nonitoring the neasurenent values of X interferoneter 126

of interfero ; fm 118, and & t]q\)/g] in FIG 13, nmakes Y head

64 | ocat ed sgﬁgﬁg J'f%’yzgmthe ed%e on&t%ez X 'side of head unit 62A (the

Y head next to Y herdfdr +72 yhose: dat Bohas rakieady %%He%bégﬂs't@lat
t he process descri bed above) Tace area AR previously described (th

area circl ed HavdlrtGachd3d pbl¥rseakeocdWdamnsg he: tppeBsS Ukl ageadkd at an
waf er table WIB. 5i. Then, main controller 20 perforns a process

simlar to teaesidédcdebedeaboyehoneYpheadt: 64; hansrisiiorels direction.
correction information of Y encoder 70A configured by head 64 and Y
scal e 39Y2 i Thamfqres4 the figpsrpafesrdifhraction|eammfhédeann®Bn that
controller 10 20 respectively obtains correction information of Y

encoder 70A (6T PEEYeqUuByY lrkeli S HBrWEEMWJ&a%b%ﬁWtS@Zﬁter
and Y scal e corr cti.on, i ti Qn . ncoder .7 ured .
by each X hegpgj%é' of" d:tlﬁﬁ t n%‘gé’ %Wi c]r}&r r%f@r{)g il 1
i nf ormati on 3&95”5 head
unit 62C and Y s aI e dc%(( orrecotq?osﬁ'y tee?rg 4](15| on oqu entg%eder

70D confi gur %r@t%&ﬁ(dﬁmaéﬁl%ﬁ B@éﬁ{ &P'Beé@%ﬂngh%% &r3dusly

and stores themin nenory 3 In this case, it Is inportant

t hat thelsaneefles terd k§ﬁcpbeaar&)gatll@nus@amO@plhtat@boms dies ardabeghit ted
measur enent using 20 each X head 66 of head unit 62B, the sane area

on Y scal e 3%YZrduwyhuged somni datel cab doesand egdlrdi tiedk RESS wredreird suei trige selarctd
Y head 64 of head unit 62C, and the sane area in X scale 39X2 is used

on the above-cPEEIIaEaeas b hehie Ush raf serdery didda 266 ioh heat efiean

62D. The reason for this is because if the correction
LB; described earlier and is incident on photodetection system

6dc.

15 Then, the polarizationdirections of the two first-order
diffraction beams described above are uniformly arranged by
the analyzer inside photodetection system 64c¢ and the beams
interfere with each other to be an interference light, and
the interference light is detected by the photodetector and

20 is converted into an electric signal in accordance with the
intensity of the interference light.

As is obvious from the description above, in Y encoder
70A, since the optical path lengths of the two beams to be
interfered are extremely short and alsoc are almost egual to

25 each other, the influence by air fluctuations can mostly be
ignored. Then, when Y scale 39Y, {(more specifically, wafer
stage WST) moves in a measurement direction (in this case,
the Y-axis direction), the phase of the two beams changes,

respectively, which changes the intensity of the interference



25(i ncl uding the curve correction of reflection surfaces 17a and 17b,
and reflection surfaces 4la, 41b, and 41c) of each interferoneter of
interferonmeter system 118 has been conpleted, the attitude of wafer
stage WST can be set to a desired attitude anyti ne based on the

measur enent values of 79 the interferonet®ers, and by using the sane

| ocation of each scale, even if the scale surface is inclined, the
measur ement erys ca ef fect. of the jneglination does_not..
occur betmeeﬁjﬁﬂg:hegﬁgg(g%%$$%é${£§%fﬁﬁ€%ﬁ?Téﬁ?gF lBe? o?ﬁ%nFﬁ&lght

measur enent diessqﬂw&@@qygg Y&m&@@@@&&%ﬁ%% gézy%, ;ﬁaﬂgps&m

area on Y scale 39Y2 and 1, respectiv ane as

each Y head 64 mroeaibiiidrs rfich P40 @ﬁé%h@@ﬂsﬁegvgha@@é ai ioutput
correction information of encoder 700 configured by 10 Y head 64yl

whi ch faces VYseahea38¥8mand walruectfi Grenaddsmatizan othercotesddOA 708,
configured by Y head 64y2 which faces Y scale 39Y1, and stores the
informatien itGentily, 3X0E, and 7MNexarne ialse sionfigupsdceidurleazlsy ivith
t he case descri bed above where the pitching anmount was changed, main
control I er 153 d&quetiti al |y changes yawi ng anount ez of wafer stage

WST for a range of _-200nr.ad <ez<+200nrad and drjves wafer, table WB,
(waf er stage WST) iRt -eaxiwiledi rwéagqror’?té—’tgeew FEeieS o i thinFSE ton

pr edet er m ne m@ﬂgg! ygh as, for ithin 10 QT% +1 Om@

whi | e mai nt aiq;lnll ng orfi e %lhfacﬁi %}g%%}uﬁ%c%gﬁ%q %egro ]_t‘lgﬁﬁ rg?mlunrf (a
of wafer stage MBL-A! &l iQn &l Auli AkdNs, %éy-edeéwg&ééédﬁ/er&ms
in the neasurenent values of the head at a pred%ternlne sanpl 1 ng

i nterval 1and &ity@as drhemddutd e ddiaimal edR M YanBuc hsch TR asay eqBnG
is perforned for all heads 64 or 66, and in a procedure simlar to

t he one 25 desirddieibreddsiieles hhepHatrengoaathatdaslaowl d ben ideesured, in
internal nmenory on the two-di nensional coordinate system whose
hori zont al aXicst gdiscat.eq meesBrpoenti onrandogentcah Bxercodrl cHifesiue

t he encoder count value, sequentially Iinking plot points where the
yawi ng anountt® &¥h motdare, Hfgedpaftesg thé mechanism of this

measurement error generation will be described.
15 First of all, a relation between the intensity of
interference light that is synthesized from two return beams
LB: and LB; and displacement (relative displacement with Y head
64) of Y scale 39Y; (reflection grating RG) is derived.
In FIG. BB, supposing that beam LB;, which was reflected
20 off reflection mirror Rla, is incident on reflection grating

RG at an angle B4, and a n,™

order diffraction light is to
be generated at an angle B,;. And the return beam, which is
reflected off reflection mirror R2a and follows the return
path, is incident on reflection grating RG at an angle 8a1.
25 Then, a diffraction light is generated again. 1In this case,
the diffraction light that occurs at angle 8,y and moves toward
reflection mirror Rla following the original optical path is

h

an n,™ order diffraction light, which is a diffraction light

of the same order as the diffraction light generated on the



80 the horizontal axis so that a line (a horizontal line in the
center) which indicates a zero yaw ng anmount passes through the
origin, main controller 20 can obtain a graph simlar to the one
shown in FIG 12. Then, main controller 20 regards 5 yaw ng anount
ez, Z position, and the neasurenent error’lat each point on the

obtai ned graph as a table data, and then stores the data in nenory 34

as correcti O'Bdmaofdmﬁaltﬁ—[‘ O, main controller 20 sees the
measurenent error as“a function of Z position z and yaw ng amount ez,

and obtains the funiQhiiQ CRERMILEO 881 URHEL &I+ Q%?l%g;%;i%%fﬁor R1b

for exanple, by the |east-squares nethod, and stores t unction In
menory 34 as ieorireGidedit off @efbk®Aon gratihf kOISt G@sSendiRe 6,0, and an
measur enent error of each encoder in tﬂe case both the pitching

anount and t ey anidey ahoifivactficb Mafter ist age B et eatnain zargl evegn.
waf er stagne WST is at Z position z can safely be considered to be a

si npl e subn (PurArEEms e toft ie disbfoaarem lergldr itshate leatesporfds

to the pitching anount described above and the measurenent error that
corresponds tiEHYRERARN A HHRFUMCRURER e s dGe DRER 9o ign xg rror Rlb

position z. The reason for this is,, as a result of sinmulation, it has
been confi rne%ﬁtll?éfIQ%é:%Meer%ﬁl‘?ﬁr (ﬁﬁ%:'punt val ue) linearly
Chapges_accordlng &ﬁekﬂﬁscp%%%ﬁ QEt%E%i%yp%sbﬁl%%b qﬂ%@ﬁyy?%n%%elight
yawi ng i s changed. reinafter, to sinplrfy the description, a

function of 23 MHLNIH 2PURE 8o, r¥AM-AGH MR C2ngafE, 4 PRI Nt
z of wafer stage WBT that "expresses a neasurenent ‘error Ay as shown

in the next for BUbRa6LO0NikFEetenbe piaIAa, fole the ¥chaadsneEmEath, ¥nd
encoder, and to be stored in menory 34. Further, a function of

rol ling anoudtBzeyn laav nigytamrente 824 ngapdsZti8h pbsitie phat@fetwadterr, by
stage WST that expresses a neasurenent error Lx as shown in the next
formula (11) I s tlocosebt Bowmedef ortiidel X drenidsy aff ehehtXoeheaderL.Barmd

to be stored_in nmenory 34.
LB; was to be equal to each other.

Details on deriving phase difference¢ are omitted here,

15 however, phase difference ¢ is theoretically obtained by the

following formula (7}.

» = KAL + 4m(ny-n,) AY/p
+2K AZ (c08Bp1 + c088yy - Cc088a1 — €08Ba) ... (T)
20
In this case, KAL is the phase difference due to an
optical path difference AL of the two beams LB; and LB, AY
is displacement of reflection grating RG in the +Y-direction,
AZ is displacement of reflection grating RG in the +Z direction,
25 p is the pitch of the diffraction grating, and n, and n, are
the diffraction order of each diffraction light described
above.
Suppose that the encoder is configured so as to satisfy

optical path difference AL =0 and a symmetry shown in the



5Ly =f (z, X, Oz )= O (z-a) + 8z (z-b) (10) 4x =g (z, Oy, Oz )=
Oy (z-c) + 8z (z-d) (11) In forrmula (10) above, a is a Z-coordinate
of a point 10 where each straight line intersects on the graph in

FIG 12, and b is a Z-coordinate of a point where each straight |ine
intersects on a graph sinilar to FIG 127%2n the case when the yaw ng
anount is changed so as to acquire the correction information of the

Y encoder. Ia 1) above, 15 c is a Z-coordi nate of
Gagidd A )

a poi nt wher Ine‘intersects on a graph simlar to

FIG 12 in the case when the rolling amount is changed so as to
acquire the correction informati on of the X encoder, and d is a
Z-coordinate of a pojnt aere,each . straighdgy line intersects on a

graph simlar 20 to FIG 12 in the case when the yaw ng anmount is
changed so as to acquire the correction information of the X encoder.
Incidentally, because L y and L x described above show t he degree of

i nfl uencedof the pézisien atanef einsidgehefTatrenthes ils et thent ibiosd ¢degm
t he neasurenent direction of the Y 25 encoder or the X encoder (e. %
the 8 x dire® &heoFighe-bapdastdrtqfoforiie a0 (7) dpeeemesnz el taied also

Z-axis directio on t he, neasurenment val ues of the e er.or the X
encoder, in e Bf 885 “Upelrfi cht ?orlil i tRGFRFOBR tée E‘Pﬁﬂo‘f'bn‘ésfoémula

stage positi o1 i r&%%c%% eRlar, %nd because the stage position induced
82 error can bé used das correetlon i nformation, the correction

information is referred to as stage position |nduced error correction
i nformati on.

10 Gsym (AY) =2mAY/ (p/4n) ... (9)

From formula (9) above, it can be seen that phase
difference ¢ sym 1s not dependent on the wavelength of the 1ight.
As a simple example, two cases shown in FIGS. 9A and 9B
15 will now be considered. First of all, in the case of FIG. 93,
an optical axis of head 64 coincides with the Z-axis direction
(head 64 is not inclined). Supposing that wafer stage WST was
displaced in the Z-axis direction {AZ#0, AY=0). In this case,
because there are nco changes in optical path difference AL,
20 there are no changes in the first term on the right-hand side
of formula (7). The second term becomes zero, according to
a supposition AY =0. And, the third term becomes zero because
it satisfies the symmetry of formula (8). Accordingly, no
change occurs in phase difference ¢, and further no intensity
25 change of the interference light occurs. As a result, the
measurement value (count wvalue} of the encoder also does not
change.
Meanwhile, in the case of FIG. 9B, the optical axis of

head 64 is inclined {(head 64 is inclined) with respect to the



Next, a calibration process of a head position 5 (measurenent beam
position) for acquiring a position coordinate of each head (or to be
nore precise, the neasurenent beamemtted fromeach head) in the XY
pl ane, especially the position coordinate in the direction besides
t he measurenment direction, which becones 7@ premise in processes such
as a 10 process to convert the measurenent vaIue of an encoder to be

d bed | at i.nt Pti | t MBT th
XV bl ane. and Z 1 iagB CBPBEAEs Bhong abHt (rads Y5 vaRcahe bacsd 17 bEe
described. I thijg 3§§Qct§%f5 Sﬁa@@ig:ﬁgggfdes tHegQ 8 OCep3 %H d R&se

position coordinate in the |rect|on nmeasur enen

direction (thg XX s HidREd Ahed thReAlcH &rgqnt ath
direction of the nmeasurement beamem tted from head conflgurlng

each head unidi fG2Akecaned 620 whkkebgrdassrdedie Fiihsthef fakbt ©rm on the
starting this calibration processing, 20 main controller 20 drives

waf er st age WEBBhdrndhamyedd¥ st dlcesn@aY]7and BOY2 tdhe shabnd tszah é:comes
39Y1 and 39Y2 are | ocated under head units 62A and 620, respectively.
For exanpl e, Z&FO3h8®AOIA1ROGEC1UPHO HEHEOBAAY, ={hi dfowevehe heaupe the
head fromthe |eft of head uni t. 62A, and Y head 64, which is the

second head 253G & tREIANGRY SPeheXEGRIY B850 CHPeLmf ﬂﬁjﬂa5§’¢05t

scal es 39Y1 Y2, .r.es ctlvel Next, based on
measur enent %&Iue% Sof- e 5E ﬁﬁegﬁg BAT AT Z842 SPdYWlHH change in

I nt erferomi‘t%’ o%%rt o 2?%@?&%‘:@%&@ es, of Aécb%@ﬁl&?% Mgt ShénééA

and 43B, nmai ntro rotates er st age

predet er ij ned, angle i ha aewlaeﬁe%ég\c%)s Wi Lhign Jthe éééne'e@ﬁenweththe

optical axis AX of projection opti stem PL serving as a cénter
as shown by araatirendrY valbeGehddgeand Bofiddrasaing RRRIULENMBHE] 64 is
val ues 5 of Y heads 64A3 and 64c5 (encoders 70A and 700), which can
be obtai ned duwti auadhent ptfatn examphe Fidépebdlingect ahe At hrall MBopetritdle s
correspond to the measurenent val ues neasured during the rotation of

waf er stage \AE‘PO@ya$’ trbrreBUA Hid) 64cthediead edpecsymaeyryhviviormula

10ln this cas% %euse Ois.avery small angle, MA =D
y 1 ost, and the measurement va uechangesllkew1se More

15 specifically, characteristic information of the head unit,
which is a generation factor of the measurement error of the
encoder system, includes not only the gradient of the head
but also the optical properties as well.

Further, although it is omitted in the drawings, in the

20 case displacement occurs in a direction perpendicular to the
measurement direction (the Y-axis direction) and the optical
axis direction (the Z-axis direction), {AX#0, AY=0, AZ=0),
the measurement values do not change as long as the direction
(longitudinal direction) in which the grid line of diffraction

25 grating RG faces is orthogonal to the measurement direction,
however, in the case the direction is not orthogonal,
sensitivity occurs with a gain proportional to the angle.

Next, four cases as shown in, for example, FIGS. 10A to

10D, will be considered. First of all, in the case of FIG.



O and MB =a .0 are valid, and a ratio MA MB of the magnitude of
vectors MA and MBis equal to aratio a/b, which is aratio of the

di stance fromthe rotation center to the irradiation point (also
referred to as a detection point of the encoder 15 or the head) of
each measurement beamenitted fromY headst 64A3 and 64c5,
respectively. Therefore, main controller 20 conputes distances

' radi ot | on port STt e R s BB ity B oA TR0 e A8 LS

i rradi ati on poi rfts 0 measur enent | beams e S
64A3 and 640%:@%&%@%%@ @@%%J&%%eﬂﬁcy%g&ﬁ OfEVeé}Pci‘%e&§fZQAﬁ@é1§ie WST
700 and predeterm ned angle O obtained fromthe neasurenent val ues
each of neasufeeENtinbenss+BAdi vdek 13 2af shitrrd eposet®kddion shown in
respectively, or, furthernore perfornms a cal cul ati on based on the

X- coor di nat e K&l .ué6Bthatm e dHeate 2T heonpatedemand wadnpubéstidi@encoder
positional shift anount (nore specifically, correction information of

t he posit?Ponaloeshinat femee somaehd hia readicatlisorthsoisame @fs time FIG. 9A
nmeasur enent beans em tted fromY heads 64A3 and 64, respectively, in
the X-axis dPFECHMT I 9859483 to the design positi on. 84

Further, in the ca fer e WST is_|located osition sho

i FIG e i ac Btr SheBRY hERH tRreS Sottanie o s ¥ Rulitihe
39X1 and 39)@( %p@(r\%fnvﬁjlg st’%ct Hbﬂﬁr E%r(];t SBrE% %no%soip%fa state

stage WT descrl ove, nal n con Si rru aneous

acqui res t he SiRasULGMRRG . vabues of eRch eg&eadamqai df 82Bthe
and 62D that respectively face X scales 39Xl and 39>(g2 (enco ers 70B

and 700)10 Themaliende ABENEEr Sbdhl 8614 0ivEenslesst) %r@b@g@mﬁ'&b@lly,
controller 20 conputes the Y-coordinate values of the irradiation

poi nt 10 of tienmthsurgdnment =bheédns-0gmat tadkrfgeomcXuread b@ptical path
respectively, which each face X scal e 39X1and39X2, or, furthernore
perforns a cdidfieamnee Basddeohot héecbﬂb@ta@mwﬁrve%iﬂn sstagwd Wedhpwhésh
the positional shift anmount (nore specifically, correction

i nfor mati on GRAPRESpESIS FERRUISHNt FRdiet Plofthenencadsdi-at TBAt18s, a

poi nt of the neasurenent beans emtted fr 3 mthe res ectlve heads in

the Y-axis dFF@@Hrc?ﬁle\ﬁltt I‘?rrr§>§:pé>&cutr5’ e | SYGTT ue Ggegn
mai n conifgol ta%}?@\é%s \1@_ QJ%f\A?T g:)h%skf axi s d| rection at a
prtc

predetermne d by pr ormng rocessing in the
procedure sim | ar N%xﬁ:hes{?f)ﬁ8§9Ulf}?a’éj%%‘?ﬁ'érb%Qa%léong%o@@é’h:lownward from

pOSI tioni ng pOSI ti on, naln cont r ol
canobt ai nt heX- §@@tdl§1ﬁf’onﬂva|dJE§G0fl®(h%dd nadkeat 1 @ho RPsbtef shbfn in FIG.

measur enent beans emitted fromthe heads, or the positional shift
anount (norel$¥peci Tncahiy, ceseyexteclamge in optical path difference A L
does not occur because wafer stage WST does not rotate.

20 However, because the symmetry of formula (8) has been lost,
phase difference ¢ changes by Z displacement AZ through the
third term on the right-hand side of formula (7). Accordingly,
the measurement value of the encoder changes. Incidentally,
the measurement value of the encoder in the case of FIG. 10D

25 becomes the same measurement value as the case in FIG. 10A.

According to a result of a simulation that the inventors
and the like performed, it became clear that the measurement

value of the encoder has sensitivity not only to a positional

change of the scale in the Y-axis direction, which is the



25 information of the positional shift amount) in the X-axis
direction with respect to the design position also for the remaining
Y heads of head units 62A and 62C. Further by noving in the Y-axis
direction at a predetermined pitch fromthe position shown in FIG 14
and 85 performng a processing in the protedure sinmlar to the
procedure descri bed above at each positioning position, main

cont ol 1, 20,5, APl becks ol gl oo 85,1 06 LR SR

poi nt of the measurenen mthe

positional shifdnpMauntnemke speeth braktye dﬁpﬁéﬁfﬁw&f%@{m | Ofy e
the positional shift anpbunt) in the Y-axis direction wth respect to
the design pesd tdidfectilo ftie ths R8I IVdE PorheadmOmdead dii (e l2Bis
and 62D. Further, in a nmethod simlar to Y head 64 described above,

10 mai n cont rol ke ROsdtdonréschhrgX- modtd Zabaivabtiieecefiohhen the case
irradiation point of the neasurenent beamemtted fromthe heads or

t he positdon@udhigs wrourthq rmymnespacifacdiden lomtr et idon previously
informati on of the positional shift amount) in the X-axis direction

with respect EEIHEGesi dhaposfti bre Hreorabieat desfosidt iy pravdopsly

In th descri bed above, .mai troll 0 , ire th

X coor di nat 6 RAIGDD ASHETS FeThton JHE G (HE MetSth it beam
itted f the h he. pQsi tj . shift . .

O e oo he Pels e oSl LagahsRObLL AT (P! Broppation to

amount) in the X $pd h%‘érsg‘%%m\é‘nttheEggEeSE £9ch e, d83E SN ARSdd RN the

for all Y heads 64, 64yl, an 4y2, and the Y-coordi nate values o

the irratpatiren apdivd neftildie oreasiy et heammdd-a¢ firomHe1heads on
or the positional shift anount (nore specifically, correction

i nformation &fes3sldshehposidasanadmestti fdi maindn) iisn ddwif-cakiszss follows.
direction with _
a. First of all, main controller 20 drives wafer stage
WST via stage drive system 124, while monitoring the
measurement values of Y interferometer 16, X interferometer

15 126, and Z interferometers 437 and 43B of interferometer system
118, and as shown in FIGS. 11A and 11B, makes Y head 64 located
farthest to the -X side of head unit 62A face an arbitrary
area (an area circled in FIG. 112) AR of Y scale 39Y; on the
upper surface cof wafer table WTB.

20 b. Then, based on the measurement values of Y
interferometer 16 and Z interferometers 43A and 43B, main
controller 20 drives wafer table WTB (wafer stage WST) so that
rolling amount 8y and yawing amount 6z of wafer table WTB (wafer
stage WST) both become zero while a pitching amount @x also

25 becomes a desired value oy (in this case, oy = 200urad),
irradiates a detection light on area AR of Y scale 39Y; from
head 64 above after the drive, and stores the measurement value

which corresponds to a photoelectric conversion signal from

head 64 which has received the reflected light in an internal



respect to the design position also for all X heads 66, therefore,
the information that has been acquired is stored in a storage device,
such as, for exanple, nenory 34. The X-coordinate val ues or the
Y-coordi nate values of the 86 irradiation point of the neasurenent
beam of each head or the positional shift7@nount in the X-axis
direction or the Y-axis direction with respect to the design position
of each head st ored in nmenory 34, will be used such as when
converting t B easur enent  val ues of an encoder into posi ti onal
information within the pl f .St age T It WL .
described | ater on.CI'I ncr deht gﬁﬁllg P\%@%ﬁélgggg E}ﬁghaggi\%}%gﬁ éé%{?gﬁ%?ﬂg
the measur emepiowal WSS Oty ANy BRCR&Imd HO d20sd bl opgh 15 AEOLABLAL Sy = 0)
within the XY plane of warer stage WST or the |ike 10 déescribed later

on, design valfuesfaretdised WTB (WMaEcY- 6008 WeT e Delddesnothé Rtasurement
irradi ation point of the neasurenent beam of each Y head, and the

X- coor di nat e wadlusss odf Yt heterfadiocakitenr péi abdol imes nEasemevent 48famnd
of each X head. This is because since the influence that the position
coor di nat es df3Fadiimeg@ntzolderha@Ondasurcensatedi Fakl¢ il havaken rdage
control accuracy of, Rn_)ge position of wafer stage WST is extrenely

weak, (the e pEmeds A BreRat epRtPef ZRRARaGRGs 28xt FRReF XA EP k) the

it fficient t i | ...Now,, in th ,
the optical SHSSPE na dBahr BTG i R dmtarny o5 3
coi nci des wi tiri‘lcfi@ea%c?"ﬁ'ffan g 508 Pigehi riﬂ@?”@%%hen‘&?'a?i?gte?%@émfn the
and yawi ng anount of wafef stage are all 'zero, as It s obvlous

from for oyl asnelzEdr Aftcht( wlﬂ%rﬂw&f@tt&rﬂﬁv\%ﬁtéﬁ%% er

descri bed above due to the attitude of wafer table B are not

supposed 25 teracayiorh@senuerls eftedn iHesUcdy aiciage hdde-dmastyena
errors of the encoder are not actually zero. This is because the
surface of Y reddless 3DVl grid e39 W2 p raaik té recdialess <200 jard 38X} Walhevhile
surface of the second water repellent plate 28b) is not an ideal

pl ane, and i $EEfdNUAetehecien thehs if ageaohR of Y scale 39Y; from

head 64 described above during the drive, and stores the values
15 1in the internal memory.

d. Next, main controller 20 changes the pitching amount
of wafer table WTB (wafer stage WST) to (6x = op — Ax), based
on the measurement values of Y interferometer 16

e. Then, as for the attitude after the change, main

20 controller 20 repeats an operation similar to c. described
above.

f. Then, main controller 20 alternately repeats the
operations of d. and e described above, and for a range where
pitching amount 6x is, for example, -200prad <B8x<+200prad,

25 takes in the measurement values of head 64 within the Z drive
range described above at Ao (rad), at an interval of, for
example, 40prad.

g. Next, by plotting each data within the internal

memory obtained by the processes b. to e. described above on



87 the scale (to be nore precise, the diffraction grating surface,
and including the surface of a cover glass in the case the
diffraction grating is covered with the cover glass ) is uneven, the
scale surface will be displaced in the Z-axis direction 5 (nove
vertically), or be inclined with respect to the heads of the encoder
even in the case when wafer stage WST noves al ong a surface parall el

to the XY pl Thi.s consequent | eans none other that a rel.ative.
not i on occur2‘5{1iecn‘"70ad|H}eer%:st:'ioon(rji‘il ecs?élecglerf%ee meas mer?’?h Sedﬁ}oercjﬁod}"ltal axis

bet ween t he rl%@éﬁ%é heg ip%n%.tctﬁlocﬁl gﬁﬁdvéft%éafaﬁ{i% F’Lﬁtag}éa@‘égnan encoder

descri bed, such a relativ econes cause o € neasur enent

error.  dJdudtheralias, sShamenti 416 dhdRf S Endd dheLase
of nmeasuring a plurality of neasurenment points P1 and P2 on the sane

scal e 39X usipigchiplgiraddunt ofateads 6oMmand b Bhilft iwken Hhéidrildorafal
the optical axis of the plurality of heads 66A and 66B is different
and t here3di s eaispinthimesenhhess aiiscd ide oigi dmeloi tiag§ en)inte (afhewrizontal
surface of scale 39X, as is obvious from AXA 0 AXE shown in FIG 15,
the i nfl uencé ififatin H&QumERHEs ¢H) dndive tfsasurzarn e fahiey windunt
differ for 20 each head depending on the tilt difference, ,
Accordingly, Har?scﬁsdéﬁ‘rt%‘ rT'E'\F’e i frRere fOR G EP kIRF i3 1IGEn &Pt ain a

wi || be neces to a in .t unevenness of the surface af. sc
39X. The un_e\;%ﬂar ﬁ}eﬁs s(oaofgq{a%eh stt}lrgfeca_csg] of° sa_ca%ea <—’lyr anceter%fgiﬁce a% ?C&e
exanpl e, usi %&%@H@@g@rﬁgﬁc%ﬁ@eéhésae&h%sgﬁpdgécgédﬁgght@sche 7

the Z sensor previously owever, 1 n such a case, cause

the neasupenmeRiveaAGeY a3y tole WREWNEYERBESSiks SBE 3cE0sKb e 10 B 12.
nmeasur enent resolution of the neasurenent device, in order to neasure

t he unevenness wi t IThiei gl peeoifstionyveatpaeadidinid by gwsh pett of thayrgh
to use a 88 sensor that has a higher precision and is nore costly
t han t he sensor Eiéced<arys merfauldtidr ttherotihg mea spurgpese &g rrZ of the
sensor. Therefore, in the enbodi nent, a method of neasuring the
encoder in each Z position, in pitching amount 6x = o.
Therefore, main controller 20 sees pitching amount 6x, the
15 Z position, and the encoder measurement error at each point
on the graph in FIG. 12 as a table data, and stores the table
data in memory 34 (refer to FIG. 6) as stage position induced
error correction infermation. Or main controller 20 sees the
measurement error as a function of Z position z and pitching
20 amount ©x, and obtains the function computing an undetermined
coefficient, for example, by the least-squares method, and
stores the function in memory 34 as stage position induced
error correction information.
h. Next, main controller 20 drives wafer stage WST in
25 the - X-direction by a predetermined amount via stage drive
system 124 while monitoring the measurement values of X
interferometer 126 of interferometer system 118, and as shown

in FIG. 13, makes Y head 64 located second from the edge on

the -X side of head unit 62A (the Y head next to Y head 64



5 unevenness of the surface of a scale using the encoder system

itself is enployed. Following is a description of the method. As

shown in the graph (an error characteristics curve) of FIG 12, which

shows a change characteristic of the nmeasurenent val ues of the

encoder (head) corresponding to the 10 Z%8veling of wafer stage WST

previ ously described, only one point can be found in the Z-axis

direction for re t S ibhiljty t.
wh[eoasceh d%?%\%g?é d ?}gg"gﬁn %&@fﬁé’d 3 tﬂgiggrg(?%,& destrided

the tilt operation o er nor € speci

si ngul ar poi ipdMher & dhe JTRAS W MR 1QF SN, Hedd8 1RRCOES l%%%\r/@c_lﬁrtc&ed

zero 15 regardless of the angle of inclination of wafer stage

the XY pl ane.id fFIGhi B3 pamt sandaokowid by apyéAGuaHRIe stagerdbtable
simlarly as when acquiring the stage position induced error

correction ifd@.mati on previously described, the point (a Z position)
can be positioned the singular point with 20 respect to the encoder
head. |f 8uch an oper aThen, terifri gentheldengald areqfsimms pPPerd s weqidmr

a plurality of neasurenent points on the scale, the shape .
(unevenness) 6 tRREOTSH fgeeroPel b tare tafaBes boeadheerescorrection

Ther ef ore mai.n .contr.all er first o [l drives fer sta T
via stage dri'Vi Oﬁﬁtﬁqgﬁquog%?]?g&qq@qqreecfrgg‘;\ﬁ%ﬁﬁﬁ a3§| %\gé:ale
of Y i nterferﬂﬁ”et i pt,erferoneter 126, and Z interferoneters
43A and 43B of iln?ér%§P8§ tgg'system 118, and as shown in FIG 16,

mekes an arbitraryY hgafe 0habead, unhty 6241 BUCH AT Or XY RIRt Bl ler
head 89 64A2 in FIG 16, face the vicinity of the end section of Y

scal e 39¥1 ore(t kesp¥csiielylbBRaifiBi BogoBEE 0bhein2Orthal@eSot he encoder
pitching amount (9 x rotation quantity) of wafer stage WST at the
position in &0A easifigwrest bgesaab rempievhqu¥llyedd desord hehd and 4 624
a state where the attitude of wafer stage WST at the tine of change

i s muintai ne@ndor! ererye dfahgecoraeatéont iofpemaRdoscafisX( apeedpr 70B
waf er stage WST in the Z-axis direction in a predeterm ned stroke
range whil e SOPEdigdEeRgPY erstlect PeRdIGGRE bprd Poitnb28fand Zcaralg3oXi,
subj ect to 10 neasuyr.enent fromY hea 4A2, d | es t.he

measur enent FESHITEIGE ¥ HEIGS4RY (O%n o&@rco%%ﬁ) %ﬁgtcofg(}@élr?dsgé’l gach

39Y1 durjng w%ea%a%d H%Yﬁrer%@t hnitngbdenil {ys L Pg ?éﬂ’,! LG 2DOVE S o
performed whil e mai ntai ni ng the yaw ng anount <fand rol1i ng "amount of”
vafer stage UHEAMAGMR: of X encoder 70D configured by each X head 66 of
head unit 62D and X scale 39X;, and stores them in memory 34.

In this case, it is important that the same area on X

scale 39X; is used on the above-described measurement using

20 each X head 66 of head unit 62B, the same area on Y scale 39Y,

is used on the above-described measurement using each Y head

64 of head unit 62C, and the same area in X scale 39X%; is used

on the above-described measurement using each Y head 66 of

head unit 62D. The reason for this isbecause 1f the correction

25 (including the curve correction of reflection surfaces 17a

and 17b, and reflection surfaces 41la, 41b, and 4lc) of each

interferometer of interferometer system 118 has been

completed, the attitude of wafer stage WST can be set to a

desired attitude anytime based on the measurement values of



15Then, by perform ng a predeterm ned conputati on based on the
sanpling results, main controller 20 obtains an error characteristics
curve ( refer to FIG 12) at the point described above subject to the
measur enent of encoder 70A corresponding to the Z position of wafer
stage WST for a plurality of 20 attitudes'® and sets the intersecting
point of the plurality of error characteristics curves, or nore
specifically, ,set i ere_the neasurepent_error of_ .encoder
78A above bgég%%é%fégge?gggﬁﬁﬁggsa&F Eﬁeugﬁaﬁe %? ??ﬁﬁ:ﬁ%ﬁ%%ﬁPQ) each

wafer stage AWGE 1w t BvEgsPeGhd Q-Lhe ggrPé@@ﬁs@§n5?§f1%??gﬁﬂ@5ﬂe%%iu?en%%t

at the measurenent point, and obtains Z positiona ormation z
(refer to Fl GrrbiAratkedByStREW RFedOIdH the inclihB}id8XdoedBidt occur
controller 20 steps wafer stage WSBT in the +Y-direction by a

pr edet er m nedeswment thea Isdeaze drive system 124 whil e maintaining the
pi tching amount and rolling 90 anmount of wafer stage WST at zero,
whi |l e nonbPtoring tHarkbesur swdmt cpaltaes lefr 20 pearfoementher megsuxement
interferoneter 126, and Z interferonmeters 43A and 4313 of

i nt er f er onet S€3YSNGH POVETRPE SthgndfoPdiveng £ 43kr REERBdtRE B asga
sl ow enough 5 sqg tha ure t .errors caused by air fluctuation of
t he inter?eréﬁbgéﬁgagﬁgggzzFﬂﬂggg 1r Tespectiyelyhaghigh is 5IF @8

after the st t S | , in._c r.olJer 20 optains
a Z positi op%%aﬁo\&erﬁ%%fdor%aﬁf;#e%j %?‘%ﬁ%hii%cagéléf%_ké%es&rﬁ%% a%ove’
si ngul ar po'%%t%ﬁn%oc%%%%@%&o%oﬁnQQQMQtibntQE_éﬁ?%ééf”bo confidﬁféﬂ'by

this operation, by repeating the operations simlar to the ones
descri bedoi n y(headans ;C)h BIOY@ce®BY Ricale 39Y, and correction information

of encoder 70A configured by Y head 64y, which faces Y scale
39Y;, and stores the information in memory 34.
Next, in a similar procedure as in the case described
above where the pitching amount was changed, main controller
15 20 sequentially changes yawing amount 6z of wafer stage WST
for a range of -200purad <6z<+200urad and drives wafer table
WTB (wafer stage WST) in the Z-axis direction at each position
within a predetermined range, such as, for example, within
-100pm to +100pum, while maintaining both the pitching amount
20 and the rolling amount of wafer stage WST at zero, and during
the drive, sequentially takes in the measurement values of
the head at a predetermined sampling interval and stores them
in the internal memory. Such a measurement is performed for
all heads 64 or 66, and in a procedure similar to the one
25 described earlier, by plotting each data within the internal
memory on the two-dimensional coordinate system whose
horizontal axis indicates the Z position and vertical axis
indicates the encoder count value, sequentially linking plot

points where the yawing amounts are the same, and shifting



controller 20 obtains a Z positional information zp (p =2,3 i Kk,

n) in a plurality of (e. g. 15 n-1) nmeasurenment points set at a
predetermned interval in the Y-axis direction on scale 39Y2.

FIG 176 shows a z positional information zi of the singular point at
the ith measurement point that was obtai féd in the manner descri bed
above, and FIG 170 shows a z positional 20 information zk of the

si ngul ar poi nmeasur ene 0 he

on Z positioﬁgr'gﬁw;lll lﬁtti(%'n 2Tt 22, Ph%ﬁ onghe glﬁaﬁﬁé ?ine ln(%he
obt ai ned for &gagh.,of l; el 0 ﬁggﬂ

controller 20 25 obtgﬁﬁgﬂfﬁgd%ngséﬁngsggg§u¥ % ace of sca qu? gh
As shown in HHa ckiBin,fmane &8t ed18e dorblrSibped iar Lo SHRM 18k Yar to
position zp of the S|ngular poi nt in each neasurenment point on scale
39Y1 i s nade e coienchdermwitnh Facpr eédet eTéemedna af et@teo llide,2d hegards
curve which links the other end of each doubl e-sided 91 arrow

i ndi cat es>t heyashiayie agfourite Sur fZage (iierenress )t hef rraaashge&@mt error at
Accordingly, main controller 20 obtains function z = t hat

expresses t hiSfPh&Rdiie 3! B patrtardmath watle a5 @ m@l(ea adaigt adguihen

a rOX|nat|o on the p t at the t her end of each, doubl e-si ded
PP ow and ot ﬁBef aﬁgﬁb‘h “i“?{“?@frg‘r“ya§4¢°¥ﬁ%FH%ﬂPa¥F§O”§WF%O% or,

Y-coordi nate 1nW% g_%q: VBT gggsgﬁgdmg\éé eméJ{;I ‘%3}: gc? O%st oant éﬁn ction

(e) I'nasinlar nanner escfi b8d-above W EoRtro
function z =JR2¢PodNeto8%PERISES Al amount 62z, and obtains the function

10 computing an undetermined coefficient, for example, by the
least-squares method, and stores the function in memory 34
as correction information.

In this case, the measurement error of each encoder in
the case both the pitching amount and the yawing amount of

15 wafer stage WST are not zero when wafer stage WST is at 2
position z can safely be considered to be a simple sum (a linear
sum) of the measurement error that corresponds to the pitching
amount described above and the measurement error that
corresponds to the yawing amount when wafer stage WST is at

20 Zposition z. The reason for this is, as a result of simulation,
it has been confirmed that the measurement error (count value)
linearly changes according to the change of the Z position,
even when the vawing is changed.

Hereinafter, to simplify the description, a function of

25 pitching amount 8x , yawing amount 8z, and Z position z of
wafer stage WST that expresses a measurement error Ay as shown
in the next formula (10) is to be obtained for the Y heads
of each Y encoder, and to be stored in memory 34. Further,

a function of rolling amount 8y, yawing amount 8z, and Z



10 unevenness of Y scale 39Y2, function z = g1(x) that expresses the
unevenness of X scale 39X1, and, function z = g2(x) that expresses

t he unevenness of X scal e 39X2, respectively, and stores themin
menory 34. Incidentally, x is an X-coordinate of wafer stage WST
measured with X interferometer 126. 15 Ilthis case, in the case of
obtaining the error characteristics curve (refer to FIG 12)

descri bed ab%voesiactio%aqﬁ' c{?%?a#lema O'WET %r?}a%acef;{ A Isee?s Vam?nrt]eaasrﬁrement
error characteristics curve whose surenent error always becaormes

zero regardl gss-of Ahg<CHARGE Of thd ol #lRg0a At he1piighin @Q)bttﬁé.ned

anount (or rolling amount) of wafer stage WST at the point en

error charactf®d shieC® K&4de JR2 00 A 886080F | eERPAUSLEOs BBr&ACIN RRShory
gquantity of the scale surface at the nmeasurenment point. Accordingly,

in the net hod4above, information on inclination at each neasurenent
poi nt can al so be obtained, 25 in addition to the height information
of the scale surface. This arrangement allows fitting w th higher

preci sion when the curve fitting described above is perforned.

Now, the scale of tWeZedcdder Facke i/ PEcH&mEdart B&nd-4 & m:- - -+ - - (10)
stability, such as,in the diffractjon grating .92 deformng due to
thermal expansion 6F &6t Herl & aéer §%y T K pdsSagd %F JgéfginE;'or t'e)
pitch of the diffraction grating changing partially or entirely.
Therefore, because the errors included in the neasurenent val ues grow

larger with 5 the passagpueh Y38)! kBBvel [ aDECOUBA NOCRSEAIYe I8k 4 point
correct the errors. Herei nafter, an acqul si t1on oper ation 0?

correction i nihereathen et rbhghgr aihadipiddedds the theabeapndi®fric. 12,
correction information of the grating deformation performed in

exposur e appamnat bs 1308 Bfcthedénbodi oEénd pwiht behatesaradiedt feaisgtt dane
10FI G 18 In FIG 18, neasurenent beans B4l and B42 are
arranged symiStheirsead Ssona ghtaph mamiV gr &0i BLSI yL Adgckhbedasantharhéhe
substanti al measurenent axis of Y interferoneter 16 coincides with
strai ght |i n&@aNLIWMRPadse SAATAHH B it iaCaL g $hs qirrection

proj ection optical stem.PL_ apd is parallel to the Y-axis difrection.
Ther of or o aBCOPATRELR0 G ey (G ey TRECOAE L OSRIITR bt heakdre:
tabl e WiB:ca r i_t.hout b rror. Simlarl ne. r nt
boars BbLand B2 s e S oyt B o S T i TR
previously dgs@rdedt 2RH Lheraph similar to FIG. 12 in the case when the

rolling amount is changed so as to acguire the correction
information of the X enceder, and d is a Z-coordinate of a
point where each straight line intersects on a graph similar

20 to FIG. 12 in the case when the yawing amount is changed so
as to acquire the correction information of the X encoder.
Incidentally, because A y and A x described above show

the degree of influence of the position of wafer stage WST

in the direction besides the measurement direction of the Y

25 encoder or the X encoder (e. g. the 8 x direction or the &
y direction, the 6 z direction and the Z-axis direction} on

the measurement values of the Y encoder or the X encoder, in

the present specification, it will be referred to as a stage

position induced error, and because the stage position induced



20 substantial measurenment axis of X interferometer 126 coincides
with straight line LH which passes through the optical axis of
projection optical systemPL and is parallel to the X-axis direction.
Therefore, according to X interferometer 126, the X position of wafer
tabl e WIB can be 25 nmeasured without AbbéZrror. First of all,
an acquisition operation of correction information of the deformation

of the grid ldie aliPrdl b8 OL! Gob08): Gl Lo K AEANE, A correction

correction infornmation of the grating prich o scale W

described. |nrifgAa%% 193 AP Yad NG MRS YIAMIYY iTRIUREH 9% or
surface 17b is to be an ideal plane. Further, prior to this

acqui sition eparaidtGnn admasiytement of the unevenness information of
the surface of each scal e described above is perfornmed, and function

z 5 =12 (y) that &eptessesallibrandvenmesseais Yfs@aheadd¥bsiftumet i on

z = f2(Y) that expresses the unevenness of Y scale 39Y2, function z =
g2(x) tha? exprasseenant dRae s iom )X valac@gxingrd fagidtiican
z=g2(x) that expresses the unevenness of X scale 39X2, are to be
stored in rrerﬁ?ﬂ}'df}ﬂatfbﬁresat‘:kblfleégl(,O%Pr?ec%%?@rleé:rl% teageasurement

f ti =f1 £ ti = f f, [ = g1 d
functi on = =TSk PRUEGPRA PR CEHER SR rifh ChRoRY iR PRl JRERTIALLY the
Next, at | ] t hat : ;= L at.l f
Teaslr oment D 00e ot CYOr ALRRT Sy ot it Cia g oa bRel AL TG ifen
in a state Woghe e TeasuleMeRicHRlIe %;reﬁll'é?at & & yRIlesl Z01dS as a

fixed to a predeterm ned value, nain controller 20 noves wafer stage
WET baseli0 on pliree cmeasur e0RNE rv at ki€ Sned st dridred Fenereber adGend@dd@e £ to be

interferoneters 43A and 43B, for exanple, in at |east one 20
di rection of delseriYedi rledtaron namd posd t-i oviadi riediorom tdionhiof tager stage
effective stroke range nentioned earlier as is indicated by arrows F
and F ' in FHET 18 the ZYspieeewpede? t hepide M raresmoBmong ive ploltailig y
anount, and the yawi ng anount are all paintained at zero. During this
movement Whpﬁéeegp@@ggih@}ll be described. 1In this case, as an eXample,
a calibration process of the position coordinate in the
15 direction besides the measurement direction {the X-axis
direction) orthogonal to the measurement direction of the
measurement beam emitted from Y head 64 configuring each head
unit 62A and 62C will be described.
First of all, on starting this calibration processing,
20 main controller 20 drives wafer stage WST and moves Y scales
39Y; and 39Y; so that Y scales 39Y; and 39Y, are located under
head units 62A and 62C, respectively. For example, as shown
in FIG. 14, Y head 6453, which is the third head from the left
of head unit 62A, and Y head 64¢s, which is the second head
2b from the right of head unit 62C, are made to face Y scales
39Y; and 39Y,, respectively.
Next, based on the measurement values of measurement

beams B4, and B4; of Y interferometer 16, or the measurement

values of Z interferometers 43A and 43B, main controller 20



25 the neasurenent values (the output) of Y linear encoders 70A and
70C using the function z = fl(y) and function z = f2(y) descri bed
above, respectively, main controller 20 takes in the neasurenent

val ues after the correction and the nmeasurenent values (or to be nore
preci se, measurement values 94 of measur®hent beans B41 and B42) of
Y interferometer 16 at a predeterm ned sanpling interval, and based

on each neas SR t q@sf i t al relatio
bet ween t he trgeasuresne%ﬁ%%\?ral%sg%f ﬁlﬁﬂ a%gr%cé%eer%btfggﬂ%ﬁgi é%%@ (Q:he
(output of engpder BOAg &)he BASHHEIERY VAIHES HHH eHRONEING G AX of
function fl(y), output of encoder 700- the neasurenent val ues

correspondi ng i@ daricdn eptfizhy) Fyandmt e s@asiiem@Nt ¥ahues £ Shown by
interferoneter 16. Mre specifically, in the manner described above,

mai n control laear 2 wbRA ne 8IE0 Hhatang acdqchrds hehaindtzencenrattwesl ue s

adjacent grid lines) of Y scales 39Y1 and 39Y2 which are sequentially
pl aced opposidfg Yhegadgntlss 624 4Ac 62Cowidelr st HOAnBREnEHE) of?ﬂv\iaﬂércan be
stage WST and correction information of the grating pitch. As the
correction i TFOAES DAV NEhELG e ag it ¢ cHD FoF - egtors Y5 ek MB,
case a horizorH.aI axi s _shows, t he asurenment v Iu%‘?L of the
siretrén

i nterferomet &7 St DVETRN T8t % AR T OSARURES {4t 19
measur enent g/ r u t f, t | e
surface has been%gjg\rg}ggﬁeg)% géjﬁ?geg%%@%d@%@?\ég?l%gc igﬁp‘ ggld\?\%?(??f are
shows the reltdkhetamenZ,t.he two using a curve can be obtained.
Because the neasurenent values of Y interferoneter 16 in this case

are obtaihed when waf ehist agee)\Bhevaasscanneda afe @ SETEMHY1Id OWMA = b
speed as was previously described, the neasurenent val ues hardly
i ncl ude any storhdtBBm war badt©vArirdyr andug #0:iad MA/MBCH Baih mag@s t2hle
well as long-termvariation errors, and it can be said that the
measur enent P4l vestare Meanhid {alemaal ronhi ehtih@ /& r ohd cbahsbe ratio

i gnored. Further dur,in% t he _novenent of wafer stage WST ) o
of the distance from the rotation centér to the irradiation

point (also referred to as a detection point of the encoder
15 or the head) of each measurement beam emitted from Y heads
643 and 64cs, respectively.
Therefore, main controller 20 computes distances b and
a, or more specifically, the X-coordinate values of the
lrradiation points of the measurement beams emitted from Y
20 heads 64,33 and 64¢s, based on the measurement values of encoders
70A and 70C and predetermined angle 6 obtained from the
measurement values of each of measurement beams B4, and B4,
of interferometer 16, respectively, or, furthermore performs
a calculation based on the X-coordinate values that have been
25 computed, and computes the positional shift amount (more
specifically, correction information of the positional shift
amount) of the irradiation points of the measurement beams
emitted from Y heads 64,3 and 64¢s, respectively, in the X-axis

direction with respect to the design position.



descri bed above, by statistically processing the neasurenent 95

val ues (the neasurenent values of X |inear encoders 70B and 70D)
obtained froma plurality of X heads 66 of head units 62B and 62D

pl aced sequentially opposing X scales 39X1 and 39X2 with the
novement, such as, for exanple, averagi ng4or 5 perfornm ng weighted
averaging), main controller 20 al so obtains correction information of
the deformation ( ines_37 i.ch.sequ iall

f grid face,the
plurality of_ X hea_ sup%él%r'rﬁﬁg Fseb%%%%swea i ts_ﬁ‘@g%aglgﬁ‘r Sl ‘Z%?‘%f)%d ahc the
surface 17b i an ideahophang ride 1sane,bl Jeelrf‘ RN 5Byl hits 628

appear 10 repeatedly in the process when wa tage T I's Sent” in

the +Y-directdr@neon fhe s%aqlé’seQQKPQndtmz(?fJ%@peéﬁi_@é/P){ agipRG itk v,
like is performed on the neasurenent data acquired with the plurality
of X heads 6@n ithebewarnss qrossi blafdro qrepd Wy dd@iiberDratestd ,Omain
information of the deformation (warp) of 15 grid |lines 37 which
sequent i abl y dandeallepkdraineitofedhbad@plires the nemswesnat t wa liues
a nornmal case where reflection surface 17b is not an ideal plane, by

neasuring t h@®fugeFenidizad o& pf beadHenttes 1628 pbd SaPftdat ssgpectively
bt ai ni th ti d 20 h i d ,
ot for i o, e i SBP LRl A s ARG S0 (ST T TA B6gi SPObr (e, in
Y- di ti i t r.ol.l4i th i ti.on.of f t WET
based on +he mAREEE HUD0 fFk RRY B i BB PSR KE R ardd o

of X interfengmeLan,;128 Egetahfccggﬁﬂjfﬁﬂéﬁv%ﬁﬁ;g‘é?[)%etdﬂg itll}.ead@a\cl}gsrgél?kgég‘t

of wafer stage WoT in the +Y-direction or t Irection

above, wafer o3t age MAEk At BRARsI MR BE-eki B akkd 66! Reshedti%ely,
direction. In this manner, the sane correction infornmation of the

grating pitchhdfcH decly fsoad B sall ¢ BOXsainel 80Ky eot, ofuttormatd @erdborms
the deformation (warp) of grid lines 96
a calculation based on the computation results, and computes
the positional shift amount (more specifically, correction
information of the positional shift amount) of the irradiation
15 point of the measurement beams emitted from the respective
X heads in the Y-axls direction with respect to the design
position.
Next, main controller 20 moves wafer stage WST in the
X-axis direction at a predetermined pitch, and by performing
20 a processing in the procedure similar to the procedure
described above at each positioning position, main controller
20 can obtain the X-cocrdinate values of the irradiation point
of the measurement beams emitted from the heads, or the
positional shift amount (more specifically, correction
25 information of the positional shift amount) in the X-axis
direction with respect to the design position also for the
remaining Y heads of head units 62A and 62C.

Further by moving in the Y-axis direction at a

predetermined pitch from the position shown in FIG. 14 and



37 can be obtained as in the description above. Incidentally, the
measurenent data acquired with the plurality of X heads 66 descri bed
above is a plurality of data at different |ocation references of
reflection surface 17b, and because X heads 66 5 neasure defornmation
(warp) of the same grid line 37, there i 8% collateral effect of the
war p correction residual of the reflection surface being averaged and

approachlng ot her wor.ds b ra in the
% J:(CS(p SSlI’l%fln Oe lpyocej% achI i acF btyo ttf‘Fee

measur enment I nf ornmatl! on I ne

plurality of ﬁ&@&dlﬁaéj%’estcriﬁb%fdf QEBV@faE reeac‘@@%eari@%bfmﬁb ﬁ@é‘lpﬁoerg(,t main

weakened) by ‘the averaging or the |ike descri ove

acqui sition opefatdlons: Ao cHd et Lih i THO Bl d W 10{a ety Rt d ¥ afhe
the grid lines (warp of the grid lines) of the Y scale and correction

i nformati on afrtdwd griadri peipit oif theohehbarXmsnal vesms | ele: s cirdedthe
In this case, to sinplify the description, reflection surface 17a is
to be an ﬁdedleétﬂsartef the tossi ttlayen 1 sslpirfdc egmiurg: aGnare tdpe claSiecafly,
the correction described above, but with the X-axis direction and the
Y-axis di rectGUHFSHIGTCABEGER2LiRFLPEH the PeFibinpal StoMby emount) in the
speC|f|caIIy, at_.a speed IOM/ent#?h so that th short terntvarlatlo

of the rreasurer‘?éﬁt nRsd TG W errefsé:tetﬁtetté)r Be RGHIIER rafd 5©
also in a st t r t 16 is
fixed to a prq':te term ng%l lJ‘l{(r%fr{al;‘:aér%}scoaét me)G\Y/JeBg vvar(rjfeeér\zrDstage

WET 25 based on theyRagyl eﬂi@%tmé(@lllb‘@%l :Ll)§rI E‘&gfh@é@r@tﬁés&gﬁbegabove,

interferometer 16, and Z interferometers 43A and 43B; for exanple

at | east1one néiire @drr QAfl dihe 0H s i66d Aheaand-ddda-d faid @1y of the
within the effective stroke range nentioned earlier, in a state where

t he pitchi ng iamagitat itdre padldt rE t3ie araamirenatct tldm:ry&mmeaﬂmmtn the
are all maintained at zero. During this novenent, while correcting

t he neasur enélrﬂadﬁalqreihﬁ Po 41 tieaya le reduiddr @B tanidnasfe AR adsiingg the
function z g2(x) and function z = E&é descri bed above,

respecti vel y,COSfrr%itnwébhtlifertnéFlQG @g PASt héorpasiiHeifeAMovatyekn the
after the cor ectlon and the e ﬁﬁrenent val ues of X |nterferoneter

126 at a pre tré%rf\pac éj(TSd‘rgneQ@ﬁl ion, also

measur e t | ue, t ken in, obtalns a relation between
t he neagﬁgenégt 3%F%%§ o%%%1llnea encoders 70B and 10 70D (out put of

encoder 70B - the mpasykefBAheYaklEsSyr QLY Tﬁ@&@@l Neh {0 é&ttc}aﬂrlﬂg%(ox)oan

out put of encoder 70D - the neasurenent val ues correspondi ng
function g2(xdqand the ﬁeew&e&eattevabmeésoéf&h@tﬂfﬁﬁ@t&t pt?i@}t of

More specifically, in the manner descri bed above, main controller

the measurement beam emitted from the heads or the positional
shift amount (more specifically, correction information of

20 the positional shift amount) in the X-axis direction with
respect to the design position for all Y heads 64, 64y;, and
64y2, and the Y-coordinate values of the irradiation point of
the measurement beam emitted from the heads or the positional
shift amount (more specifically, correction information of

25 the positional shift amount) in the Y-axis direction with
respect to the design position also for all X heads 66,
therefore, the information that has been acquired is stored

in a storage device, such as, for example, memory 34. The

X-coordinate values or the Y-coordinate wvalues of the



15 20 obtains a grating pitch (the distance between adjacent grid

| ines) of X scales 39X1 and 39X2 which are sequentially placed

opposi ng head units 62B and 62D with the novenent of wafer stage WST

and the correction information of the grating pitch. As the

correction information of the grating pit&h, for exanple, 20 in the

case a horizontal axis shows the neasurenent val ues of the

| nterferometer. and & vef t1.6al 8¢ ¢ éh%‘é’%utr%%e%%aﬁgér%”c?ﬂea;’cﬁi Sgg(érh%he
€SS0 e 'scale

measur enent val ues ose~“errorsS due {0 the unevenn

surface has tﬂf‘d’élﬁ%rfﬁc%ﬁq)ftoéméﬁﬁtﬁquﬂ%rx—ﬁx RiGh ShEWS A D& axis

rel ati on between the two using 25 a curve can be obtai ned. Because

the measur enefitrawad iugs Waft X dddRIdertmaley de2f dh dd¥it s @ fAlich head
obt ai ned when waf er stage WST was scanned at an extrenely | ow speed

as was previ aisinedlésicnehedy 14e wigdsbeenead aathies haedl yohnettitey the
any short-termvariation errors due to air fluctuation, as well 98 as

| ong-t er rPvariegsuwremantovs l ugsdof tarc amdeslegai dt o e s 1 hicomeh sunfemett i on
val ues are accurate values _in which the errors can be ignored. .
Further, duri%ighiiethsvEnelanss ohardesehgec WO 5agekk MilBddraswasrifpd
statistically processing the neasurengnt values (the neasurenent ,
val ues of Y Ii O@ncog%ﬂ'g?@ﬁazﬁn’ﬁ'7%)t%F§iSﬁe ug o"f‘r?é"skbefrhrcémvteft&lng
Y heads 64 of_,he j 6 | aced seguenti.al |y opposing Y
scal es 39Y1 écrll—% dprﬁeznvegf)tﬁsvlag}q‘l e%(%rif)bagjd e\?\}l (f%ﬂ:l en‘L nrrtla)ovéyr?esnjt, O,i}-‘uac as,

for exanpl e, 4FANBIAYNG: QL nPELL 9{%?9?%@%%%&&%@%@ or {8 Nike

controller 20 al so obtains correction information o formati on

(war p) ofogridéddriesB8avbi oh,sedseqmh halhksf aeeukbe AtREIt-ERrdinate
heads 64. This is because in the case reflection surface 17a i s an

i deal pl ane, #dleiesane Whe riime quatttiern hiod & fappeamels urepeaite aan
the process when wafer stage WST is sent in the +X-direction or the -
X direction, «awdy &f beed,i fndvehagingoordinheteikeliss pel fidrared rewlitatid on
measur enment data ac%ui red with the plurality of Y heads 64, it

becomes possiFsii@t 81 pihe mssispremeathbesr e ersh X hfesdrat FBASois fgeause

deformati on (war of 20.grid Iines 38 which,.,sequentially face the
ol uralty or Skatgintilence FREF sdin BPry LiRR St faa et of hies pead

61501 98 U0l 38 B33 ol 0 LUERLoR BRI 0 iuracy of
correction dat@ position of wafer stage WST is extremely weak, (the
effectiveness to the control accuracy is extremely slow), it
is sufficient enough to use the design values.
Now, in the case the optical axis of the heads of the
20 encoder substantially coincides with the Z-axis, and the
pitching amount, rolling amount, and yawing amount of wafer
stage WST are all zero, as it is obvious from formulas (10)
and (11) above, measurement errors of the encoder described
above due to the attitude of wafer table WIB are not supposed
25 to occur, however, even in such a case, the measurement errors
of the encoder are not actually zero. This is because the
surface of Y scales 39Y; and 39Y,, and X scales 39%; and 39%;

(the surface of the second water repellent plate 28b) is not

an ideal plane, and is somewhat uneven. When the surface of



25 of the warp in advance and perform ng novenent of wafer stage WST
in the +X-direction or the -X-direction while controlling the Y
position of wafer stage WST, based on the correction data instead of
fixing the nmeasurenent value of Y interferoneter 16 to the

predet ernmined val ue on the novenent 99 & wafer stage WST in the
+X-direction or the -X-direction described above, wafer stage WST can

be made to mye PLEEL S(fetloybé Iog:%e%%%ﬁées, gh%%ffﬂ:[}:}cc%l%g# 8]{%&5@& %?frifeace,

the sanme correction I nforna e ‘grating pi sca

and the 5 corgieetiin JdihQy Mald e adde def %@ﬂbma(svga&m t(?lfeAsg:ra:s% the

| ines 38 can be obtained as in the description above.

descri bed abeMerf iRt 30t 8 OLhG 280 0bE &l RS tEHHLBbeR J I )MRE e v,
grating pitch of the Y scales and correction information on

def ormat i on (bber pradfe guirdakienes110b87¢1ispiacedracttiton Ad-zxararatiirea tdn
grating pitch of the X scales and correction information on
def ormati &n (W vefrtgidad Uviineor3Beainedthedreteh erespret tiaithe heads
exanple, with respect to each lot, or the like. And, during

processi ng ok A8 GRASh&VSkdn fieh CFs & st Made 26 t8rer §iSTs moves

novement contr.ol of wafer stage T.i.n the Y-axis directjion, usin
Coal o5 30V 5092  BhER RE A EAT oL (On v KB Bt S06 - ot Conteditntiy

specifically i | i e 70 i r i .
the. measar et UAl GRS SBTat 1BR T For haad e R nte 50 { Brkttion
speci fical |y »dn@e20 tRASIHRENR! BT Rt i@7C 8RR NG e400)and the
based on correction information of the grating pitch and correction

information cfcaike deHospuit tied wanadf beenddbsneiB8dl edesl ed HeQative
above and stage position induced error correction information
correspondi ngottd ol residriesn az ,capidec i g heenmerdts Remeat and-orawi ng

amount ez of wafer stage WST neasured by interferoneter system 118.

By this operation, FiFtbesonds poewibire Kl6i. dli-nfesnexanpke. 20n ttde case
perform novenent control of wafer stage WBT in the Y-axis direction
with good pr&& &G UFdNAg By Plitkédr tenO8dBre srgRMERG POANLRI Fhotied P2 on

bei ng affect%%e same scale 39X using a plurality of heads 66A and 66B,
15 when the tilt of the optical axis of the plurality of heads
66A and ©66B is different and there is also an unevenness
(including inclination) to the surface of scale 39X, as is
obvious from AX, # AXz shown in FIG. 15, the influence that
the unevenness has on the measurement values will differ for
20 each head depending on the tilt difference. Accordingly, in
order to remove such difference in the influence, it will be
necessary to obtain the unevenness of the surface of scale
39X. The unevenness of the surface of scale 39X may be measured,
for example, using a measurement device besides the encoder
25 such as the Z sensor previously described, however, in such
a case, because the measurement accuracy of the unevenness
is set according to the measurement resolution of the
measurement device, in order to measure the unevenness with

high precision, a possibility may occur of having to use a



100 by tenporal change of the grating pitch of the Y scale and the
warp of each grating (line) that nakes up the Y scale, and al so

w t hout being affected by the change of position of wafer stage WST

in a direction besides the neasurenent 5 direction (relative notion
bet ween the head and the scale in a direct on besides the neasurenent
di rection). And, during processing of the ot or the I|ike,

mai n controll f.or, t tr.ql. of er. stage WST .in

the X-axis diS’f\ererlcst%ﬁ:o;I.lc,ehratutgihrn%S ;%D\sﬁ?ﬁ]e%sr 3%[)% lasnl(fqbf\)l@ and Oe%d Cf(f-El}ﬁ’i ttsl-latr1

62B and 620, 9fe rg%rn%os_cp%@cfeis%aalﬂyytoumglm' theagr &5.%99?&%;9@3@% az

70D, while correcting the nmeasurenment val ues obtained fromhead units

62B and 62D (g@is»rspecifically, the neasurenent val ues of encoders

70B and 70D), based on correction information of the grating pitch

and correction 15 Thieaefatriegninftidemntetidmeati, on Matarq) odf megsa-ingehe
37 referred to above and stage position induced error correction

i nformati on coavEespErd od the Zyposiad of 2, scale usgnanbhateryodendysten
yawi ng anount, ez of wafer stage WST _neasured by interferoneter system
118. By t hi s Wp&rkdt L8 emRke oﬁ@légwﬁﬁgs}%laeg‘?%@r%?wré&ft’F}é‘FF‘@rth?@-

t f trol, of wafer stage WST in the X-axis .
G boti on i Ch gooSoPBEIS: TR TS g0 T {ABaTT Bk A R Soa b SRosuEve)

w t hout bein fafEfI%ct g ,b%ﬁiﬁfﬁ)%rl}%wsc arlq_lear)oget L%ea%;%%%ﬁ%c% chh t he

X scal e and the war'p "of' each grating (I7ne scal e,

and 25 al so wd:hoterkeithgaafibecd £dnyehhsashangs ch?§EEEB?d@EgV\@t§ &he

stage WST in a direction besides the neasurenent directio relative

notion bepweenlehelhegdoanshtde scalewisn praii 66kl oNddESHHBSA ) hly one
measurenent direction). Incidentally, in the description above, the

correction @intntannie douotl fhetlye al+amgl pidde@nidort heogrdatH iemeoder
warp was acquired for both the Y scale and the X scale, however, the
present i nvemsiaghwhergotheimgaddiap nchisensahd iy tortleettiilt operation

information of the grating pitch and the grid |ine _warp can )
of wafer stage WST, or more specifically, a singular point

where the measurement error of the encoder becomes zero

15 regardless of the angle of inclination of wafer stage WST to
the XY plane. If this point can be found by moving wafer stage
WST similarly as when acquiring the stage position induced
error correction information previously described, the point
(a Z position) can be positioned the singular point with

20 respect to the encoder head. If such an operation to find the
singular point is performed on a plurality of measurement
points on the scale, the shape (unevenness) of the surface
of the scale can be obtained.

(a) Therefore main controller 20 first of all drives

25 wafer stage WST via stage drive system 124, while monitoring
the measurement values of Y interferometer 16, X
interferometer 126, and Z interferometers 434 and 43B of
interferometer system 118, and as shown in FIG. 16, makes an

arbitrary Y head of head unit 623, such as for example, Y head



5 be acquired only for either the Y scale or the X scale, or the
correction information of only either the grating pitch or the grid
line warp can be acquired for both the Y scale and the X scale. For
exanple, in the case where only the acquisition of the correction
information of the warp of grid 10 line 32 of the X scale is
perfornmed, wafer stage WST can be noved in the Y-axis direction based

on the neasur@mrltryk«gbg%? OffageI ﬁﬁee%gc%%‘i%@%% t7h0eAe% d gc(:)t%oﬁmotfh?ustcale
g oSIrmfl arl'y,” rnt’he” case where

necessarily usi*h inferteroneter 1

only the acquigitian ek tk'?eslci(%l%_r.ec%é%?,izﬂé?ﬁ%x%@f’o?iey‘@o"‘@ﬁ&’nﬁé Jthe

grid 15 line 38 of the Y scale is perforned, er stage WST ca

nmoved in the pttH is fidmeaid ton Has adb @it e JRATURERHE YRIES fagh wsT
| i near encoders 70B and 70D, wi thout necessarily using X
interferonetert 126 dagitiem iei tadterlemser dfwd het ssjeagea Pass tomviauilced
error previously described or the 20 neasurenent error (hereinafter

al so ref ebredassrid et s@ade inndusédter vhereofthe hat thtodero fiviadter stage

occurs due to the scale (for exanple, degree of flatness of the .
grating surfdc¥ gsurtademsnpbtHags 1anar bRt 3t aef T 6VREY| Ohr¥¢ omain

e I, iR R AR P LN
d f i trol : | <!
execut od Bur i 70 e Abttar pracelerifll dhotl R YR n Birlsing

speci fically, dddags ArQIRSHIPE! WRaM@ Jif W alddie 3H2 ehbgge‘teﬂgbs

w Il be described, after processing such as the acqui sition

stage posdti afastiesreh teraim oM 6, ) Nl NBAHPele s ackel Bél s @Pent
positional information of each head previously described, unevenness
measur enent ofesttie s5 cfuirf aeedobdihdencader d0d)t hhaacfdcsbt Y osicolie 39Y;
correction information of the grating pitch of the scale and the
correction i Slugrimgt tha ssfan eogemenhy - defot e oml Bnd thieesamkking @bove

performed in advance. In this case, first of all, prior to describing
t he 1s performed while maintaining the yvawing amount (and rolling

amount) of wafer stage WST at zero.

15 Then, by performing a predetermined computation based
on the sampling results, main controller 20 obtains an error
characteristics curve (refer to FIG. 12) at the point described
above subject to the measurement of encoder 70A corresponding
to the 2 position of wafer stage WST for a plurality of

20 attitudes, and sets the intersecting point of the plurality
of error characteristics curves, or more specifically, sets
the point where the measurement error of encoder 70A above
becomes zerc regardless of the angle of inclination of wafer
stage WST with respect to the XY plane as the singular point

25 at the measurement point, and obtains Z positional information
z1 (refer to FIG. 17A) of the singular point.

(b} Next, main controller 20 steps wafer stage WST in
the +Y¥-direction by a predetermined amount via stage drive

system 124 while maintaining the pitching amount and rolling



10 I'i nkage process of the plurality of encoders, a concrete nethod of
converting the corrected neasurenent values of the encoder into the
position of wafer stage WST, which is the prem se, will be descri bed,
using FIGS. 19A and 19B. In this case, in order to sinplify the
description, the degrees of freedomof 15%afer stage WST is to be
three degrees of freedom (X, Y, and 0 z). FI G 19A shows a

reference staheherer WIS, Stans YRR I dledbie ori gl gy coorgl nates

(X, Y, 0z)=C0O From t rence stdte

driven in a mangsriheiens 18REOE § iP(t@@ﬁQﬁ&mEﬂQr'l@an E@&%ﬁ‘é}ometer
encoder (X head) Enc3 do not nove away fromthe scanning areas of

t heir opposi i@ &cahes B39Ydrf38MRe tvds 33XlandheBsifl atvheeeomat e system
stage WST is noved to position (X, Y, 0 z) in the manner descri bed
above is showWld.n Fhés $98p BSHenent et prodicrined edordipet@ss(og evjough
of the measurenent points of encoders End, Enc2, and Enc3 on the XY

coordi nate sy %aﬁem@&sur@mﬁnt( BZIrogs) caaﬁad(lps a )L lyespeetdy atfy the

The positional ,inf rratlon of th%rlrradla on point of the
measur enent o Sd9P% case of the 103

calibration of the ad |t|on S d [ r read

menory 34 and used g &R(g%brdl nafd)g \s[a §§sa%€ Jémt 5%819 1333818‘8& E:'h%lln
| and Enc2 a LRAIAI natie, v gpq)q:ez( , {he,dasi gn
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Accor di ngly, neasuféfrent thdlsuepelatdnd, Cpyofrepiea tX nive ddcawg etriad: 1¥ns

head can be expressed, respectively, as in the follow ng fornul as

(12a) and (1§Epllar to the ones described in (b) and (c¢) above, main
controller 20 obtains a Z positional information z; (p
=2,3 ...... S K, «ooan. n) in a plurality of (e. g.

15 n-1) measurement points set at a predetermined interval in

the Y-axis direction on scale 39Y;.

FIG. 17B shows a z positional information z; of the
singular point at the i*® measurement point that was obtained
in the manner described above, and FIG. 17C shows a z positional

20 information zyx of the singular point at the k™ measurement
point.

{d) Then, based on Z positional information zi,
22y aeenne Zn 0of the singular point obtained for each of the
plurality of measurement points above, main controller 20

25 obtains the unevenness of the surface of scale 39Y;. As shown
in FIG. 17D, if one end of a double-sided arrow showing Z
position z, of the singular point in each measurement point

on scale 39Y; ismade to coincide with a predetermined reference

line, the curve which links the other end of each double-sided



Cx =r' ex' ... (12a) 15Cy =r"' ey' (12b) In this case, ex
and ey' are X and Y' unit vectors in a relative coordi nate system
(X, Y, e z') set on wafer stage WST, and have a relation as in the
following formula (13) with 20 X and Y unit vectors ex and ey in the
reference coordi nate system (X, Y, ez). '%&')cosCZsin Az ) (ex)
=cosez) ey) 25Further, r' is a position vector of the encoder in the

relative coordingfe ElX%ta%@,s Tﬁ'ﬂ%s‘ha 'eSoELtYl%nsurf%cé u(n%ven(})e’ssbl bP%cale

position vector r : ference coordi nate syste
Accordi ngly, jgﬂﬁWU|ﬁécbi§§%g ?ﬂ ﬁégﬁ)c&ﬁ@r@ﬁleﬁQ§0réﬂ%éiﬁé”fﬁﬁtﬂfbﬁPE3—

followng formulas (14a) and (14b). Cy =(p-X) cosez + (Qg-Y) sinCz
(14a) Cy = - fiEvyX) thianezxpregs¥s ¢bd6Z unel4bhess by performing curve
fitting (a least square approximation) on the point at the
5 other end of each double-sided arrow, and stores the function
in memory 34. Incidentally, y is a Y-coordinate of wafer stage
WST measured with Y interferometer 16.
(e} In a similar manner described above, main
controller 20 obtains function z = f;(y) that expresses the

10 unevenness of Y scale 39Y;, function z = g1(x) that expresses
the unevenness of X scale 3%X;, and, function z = g:(x) that
expresses the unevenness of X scale 39X;, respectively, and
stores them in memory 34. Incidentally, x is an X-coordinate
of wafer stage WST measured with X interferometer 126.

15 In this case, in the case of obtaining the error
characteristics curve (refer to FIG. 12) described above at
each measurement point on each scale, when an error
characteristics curve whose measurement error always becomes
zero regardless of the change of Z is obtained, the pitching

20 amount (or rolling amount) of wafer stage WST at the point
when the error characteristics curve was obtained corresponds
to an inclined quantity of the scale surface at the measurement
point. Accordingly, in the method above, information on
inclination at each measurement point can also be obtained,

25 in addition to the height information of the scale surface.
This arrangement allows fitting with higher precision when
the curve fitting described above is performed.

Now, the scale of the encoder lacks in mechanical

long-term stability, such as in the diffraction grating



Accordi ngly, when wafer stage WST is |located at the coordinate (X, Y,
Qz) as shown in FIG 19B, the neasurenent val ues of three encoders
can be expressed theoretically as in the next fornulas (15a) to (15c)
(also referred to as a 10 relationship of_the affine transformation).
ClL =- (pi-X) sinkz + (ql-Y) cosOz (15a)°42 = (p2-X)

deforming due to thermal expansion or other factors by the
passage of use time, or the pitch of the diffraction grating
changing partially or entirely. Therefore, because the
errors included in the measurement values grow larger with
5 the passage of use time, it becomes necessary to correct the
errors. Hereinafter, an acquisition operation of correction
information of the grating pitch of the scale and of correction
information of the grating deformation performed in exposure
apparatus 100 of the embodiment will be described, based on
10 FIG. 18
In FIG. 18, measurement beams B4; and B4, are arranged
symmetric to straight line LV previously described, and the
substantial measurement axis of ¥ interferometer 16 coincides
with straight line LV, which passes through the optical axis
15 of projection optical system PL and is parallel to the Y-axis
direction. Therefore, according to Y interferometer 16, the
Y position of wafer table WTB can be measured without Abbe
error. Similarly, measurement beams B5: and B5; are arranged
symmetric to straight line LH previously described, and the
20 substantial measurement axis of X interferometer 126
coincides with straight line LH, which passes through the
optical axis of projection optical system PL and is parallel
to the X-axis direction. Therefore, according to X
interferometer 126, the X position of wafer table WTB can be
25 measured without Abbe error.
First of all, an acquisition operation of correction
information of the deformation of the grid line (warp of the
grid line) of the X scale, and correction information cf the

grating pitch of the ¥ scale will be described. 1In this case,



sinGz + (g2-Y) cosOz (15b) Ca = (p3-X) cosez + (Qq3-Y) sinOz (15c)
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to simplify the description, reflection surface 17b is to be
an ideal plane. Further, prior to this acquisition operation,
& measurement of the unevenness information of the surface
of each scale described above is performed, and function z

= f;{y) that expresses the unevenness of Y scale 39Y;, function

z f2(y) that expresses the unevenness of Y scale 39Y,,
function z = g;{%) that expresses the unevenness of X scale
39X,, and function z=g;(x}) that expresses the unevenness of
X scale 39X,, are to be stored in memory 34.

First of all, main controller 20 reads function z = £, (y),
function z = f,(y), function z = g;(x) and function z = gz (X)
stored in memory 34 into the internal memory.

Next, at a speed low enough so that the short-term
variation of the measurement values of Y interferometer 16
can be ignored and also in a state where the measurement value
of X interferometer 126 is fixed to a predetermined value,
main controller 20 moves wafer stage WST based on the
measurement values of Y interferometer 16, and 2
interferometers 43A and 43B, for example, in at least one
direction of the +Y-direction and the - Y direction within
the effective stroke range mentioned earlier as is indicated
by arrows F and F ' in FIG. 18, in a state where the pitching
amount, the rolling amount, and the yawing amount are all
maintained at zero. During this movement, while correcting
the measurement values (the output) of Y linear encoders 70A
and 70C using the function z = f;(y) and function z = f;(y)
described above, respectively, main controller 20 takes in
the measurement values after the correction and the

measurement values (or to be more precise, measurement values



15 Incidentally, in the reference state shown in FIG 19A,
according to sinmultaneous equations (15a) to (15c), then C1L = gl, Q=
g2, and C3 = p3. Accordingly, in the reference state, if the

measur enent val ues of the three encoders End, Enc2, 20 and Enc3 are
initialized to gql, g2, and p3 respectivel%ﬁ, then the three encoders
wi || show theoretical values given by formulas (15a) to (15c) with

respect to disphrcemBindbt pvbanf¥)s fa?@fﬁﬁiﬁg%?QTt.EéffH? r 16 at

onward. In sinultaneous equations (15a) to ree fornulas 25
are given tod heddurenmada 81 dhg Yint@vaAcediniHad dd each
dependent variables O, C2, and C3 are given in the sinultaneous

equat i ons ( 1®asurdnihn) valare ahbkeshXs Beerandiken dap detabhaiaedlation
this case, when approxinmation sinez Oz is applied, or even if an

appr oxi mat i oPediweeritdite measg@enientapplliied, ofhg 11082 epratddgiss CHIR leerd
sol ved easily. Accordingly, the position of wafer stage WST (X Y,

ez) can be c&@&t@dltfﬂ%qéﬁm%t?%mé@qmea@zarwtcafqﬂfuqaqe

der. Next | i nkag f duri th it ghi f
The.encoder  HSATSREG 010 Bost LTGRLEBNEY Y of Yhditdy O%t SHEOUET 10 rhahe
the encod TOE of o YR ér °5t SHE°UBT 1
of 5 moasur Rt VATTE iy B GBeereREnc raeus) ReTBrah Sobrari Gpe

mai n controll i i heausl j .
three 10 encgfcaierearszs%&(etrdﬁehﬁxbﬁéggg%a%ngel%%eliﬁeh%%%%ggﬁst%%??%i%légg&glly'

waf er stage WAHT tiet hbAnkhedebtesebeveabbiekens angcowf roef &F &4 age- Mbk a
and when the switching process of the encoder is performed, four

encoder s1W | lgrae imede itteholiservdivabaceshagee¥blad dscahovarid IHMes) of
20. Y scales 39Y; and 39Y; which are sequentially placed opposing
head units 62A and 62C with the movement of wafer stage WST
and correction information of the grating pitch. As the
correction information of the grating pitch, for example, in
15 the case a horizontal axis shows the measurement values of
the interferometer and a vertical axis shows the measurement
values {the measurement wvalues whose errors due to the
unevenness of the scale surface has been corrected) of the
encoder, a correction map which shows the relation between
20 the twousinga curve can be obtained. Because the measurement
values of Y interferometer 16 in this case are obtained when
wafer stage WST was scanned at an extremely low speed as was
previously described, the measurement values hardly include
any short-term variation errors due to air fluctuation, as
25 well as long-term variation errors, and it can be said that
the measurement values are accurate values in which the errors
can be ignored.

Further, during the movement of wafer stage WST

described above, by statistically processing the measurement



15At the nonent when the switching process (linkage) of the encoder
used for the position control of wafer stage WST within the XY plane
is to be performed, encoders End, Enc2, Enc3 and Enc4 are positioned
above scal es 39Y1, 39Y2, 39X1, and 39X2, respectively, as shown in
FIG 20. Wien having a 20 look at FIG 2®°it |ooks as though the
encoder is going to be swtched fromencoder End | to encoder Enc4,

however, as i, Qv O eref E%?sﬁ;'}%ﬁrfg%%t v'aggﬂrest ne P?{?H%%%Eéﬁ]%qdd%&“ic@ and

is different in enco enco Enc4, ave any

meani ng even -idp)t hehtmasy ot /3l ues ;69K MalHeR)s He 2 ¢aRAfMits

End | are given w thout any changes as the initial value of the

measur ement \GiBIeadod2 epleded Eagdertidhey ng'orzsgn\cghmsdail%agepra@@@{Z
i s perforned. Therefore, 1n the enbodi nent, nmain controller 20

swi t ches fromitdadiremritenerser \audly dhe fidr e ersrearayingl Ok r
Enc2 and Enc3 to nmeasurenment / servo by the three encoders Enc2, Enc3
and Enc4. >Mremaaime feighted javermy g seam i orari@l 1zg; 2thisslso
method is different fromthe concept of a normal encoder |]jnkage, and

in this met hGPHHET (EFETLOadE ORBR S OFr 8 bRe FRERITR: ket ferrp) of
head, but f a, conmbina | f th h t

Conbi nati on SEahSeHBE T hrea ReahiPertanty -0k REFdulitsat §EY o ¥ heads
th head - t he. di f . i t .

e heads and anatersteg eadsenthe d W aranic gad L gl 1 o

encoder Enc4,i eanevflanel0 dmsteath of18NGede b fNGhn fHo @R Rat he
encoder can be switched, for exanple, to the encoder adjacent to

encoder ENC3 repeatedlf it thé mtdcedBivhegoRbralkl €fagd W ¥eSséhe in the
si mul t aneous equations (15a) to (15c) above based on the neasurenent
val ues G, Ci¥-ahideC3igin encdder s Endlirdentd orandHeneTorand idormpetreging
15 positional information (X, Y, ez) of wafer stage WoT within the XY
pl ane. Nekhe ki ieaper b reed Zo shpdteasuranentand teacompreedith

above into t&g_afﬁine transformati on _of the next formula_ (16), and
det ermi nes t &S RiPral 15y ok ofieers fbashly bfsmesapgegible to precisely

obtain correction information of the deformation (warp) of
15 grid lines 37 which sequentially face the plurality of X head
66.

Incidentally, in a normal case where reflection surface
17b is not an ideal plane, by measuring the unevenness (warp)
of the reflection surface and obtaining the correction data

20 of the warp in advance and performing movement of wafer stage
WST in the +Y-direction or the ~ Y-direction while controlling
the X position of wafer stage WST, based on the correction
data instead of fixing the measurement value of X
interferometer 126 to the predetermined value on the movement

25 of wafer stage WST in the +Y-direction or the - Y direction
described above, wafer stage WST can be made to move precisely
in the Y-axis direction. In this manner, the same correction
information of the grating pitch of the Y scale and the same

correction information of the deformation (warp) of grid lines



20 of encoder (X head) Enc4. C4 = (p4-X) cosez + (Qg4-Y) sinez (16)
In formula (16) above, p4 and g4 are the X-coordi nate 25 val ue and
the Y-coordi nate val ue at the neasurenent point of encoder Enc4
(detection point). As Y-coordinate value g4 of encoder Enc4, the
positional information of the irradi ati or’oi nt of the measurenent
beam whi ch was acquired on calibration of the head position

previously dQ?PEhHQﬂabﬁt%ﬁ?@dﬂ&?%hmggﬁ SC%Qét 4rofdot s, USﬁﬁglﬁgﬂééily,

as X-coordi nate value p4 of enco esi gn posi ti ona

i nformation aofhd hdduragicaid @rat@oe&tquqfreahalﬁﬁaﬁﬂéeﬁﬁﬁlﬁapf@w b8 A %%ds
fromnmenory 34 and is used. By giving initial value C4 as an initial

val ue of encatedebcEnpdd dbarkage avvlhirbeicorgd ebhed an 8hovkrany location
contradiction, having maintained the position (X, Y, 0 z) of wafer
stage WBT i n mhfregctrianss off refiteetdegr serbHéce reBuomnd-bermatibenX dmewetsl 66
the foll ow ng sinmultaneous equations (15b to (15d) are sol ved, using
the measuPenBIRasHIQ €k (oEmats omndvasp JofoferidwieaneErmzd line 37, there

is a collateral effect of the warp correction residual of the
reflection surface being averaged and approaching its true
value (in other words, by averaging the measurement data (warp
information of grid line 37) acquired by the plurality of X

10 heads, the effect of the warp residual can be weakened) by
the averaging or the like described above.

Next, acquisition operations of correction information
of deformation of the grid lines (warp of the grid lines) of
the Y scale and correction information of the grating pitch

15 of the X scale will be described. 1In this case, to simplify
the description, reflection surface 17a is to be an ideal plane.
In this case, a processing as in the case of the correction
described above, but with the X-axis direction and the Y-axis
direction interchanged, should be performed.

20 More specifically, at a speed low enough so that the
short-term variation of the measurement values of X
interferometer 126 can be ignored and also in a state where
the measurement value of Y interferometer 16 is fixed to a
predetermined value, main controller 20 moves wafer stage WST

25 based on the measurement values of X interferometer 126, Y
interferometer 16, and Z interferometers 43A and 43B, for
example, in at least one direction of the +X-direction and
the - X-direction within the effective stroke range mentioned

earlier, in a state where the pitching amount, the rolling



10 Enc3, and Enc4 which are used after the switching, and a position
coordinate (X, Y, Oz) of wafer stage WST is conputed. C2 =(p2-X
sinGz + (g2-Y) cosez(15b) C3 =(p2-X) cosOz + (g2-Y) sinez ... (15c)
15C4 =(P4-X) cosOz + (g4-Y) sinez ... (15d I nci dental ly,

I nt hecasethe fourth encoder is a Yhead, tfien insteadofusing
theoretical fornmula (15d), the follomdng theoretical fornula (15e)

can be used ighRidul tAREQYS 3080 B)rd 190) {i38)ai&h :ﬁ(tp‘lz'e?&)o.

sinOz + (g4-Y) cosez ... (15e) Fbwever ecause neasurenent va

conput ed abO\DﬁrllithEhQsHﬁ&ﬁﬂ&ﬂ@ﬁhh\i@b%ﬂfe@tﬁﬁ et R SREOHSH  WRASR s
vari ous neasurenent errors of the encoders previously described have

been correct e Xdiimezontarcldder2 0 qBeramy /e iTdensd reprotectfiuictdeon z =
nmeasur enent val ue C4 and conputes a raw value C4' which is the val ue
bef ore correctil(8nh, aaddfdacei annes=r gl x)1 08 sz idee dCatb s ,t e sipeicttiialely,
val ue of the neasurenent val ue of encoder Enc4, using the stage

posi tion ?ndﬂ@@dléPP@FOééPF939|%%k¢%Fﬁ?ﬁﬁ@lEﬁasﬂﬁém§éﬁlﬁal¥@ﬁuﬁﬁfer the
error correctjon |QF$rnat

I ft
or ot ng 5 STt Tren ABgohd Hrdeern %@f@%ﬁ.%&?ﬁ'ﬁ?ﬁ%&%ﬁf 126
the grating %' t%h pq:fedtelieer?n%%e% (s%%ltlme Gy eq:g}alon c{ %ase W each

measurement value that has been taken in, obtains a relation
between the measurement values of X linear encoders 70B and
10 70D (output of encoder 70B - the measurement values
corresponding to function g;(x), output of encoder 70D - the
measurement values corresponding to function g:{x)) and the
measurement values of X interferometer 126. More
specifically, in the manner described above, main controller
15 20 obtains a grating pitch (the distance between adjacent grid
lines) of X scales 39X, and 39%; which are sequentially placed
opposing head units 62B and 62D with the movement of wafer
stage WST and the correction informaticon of the grating pitch.
As the correction information of the grating pitch, for example,
20 in the case a horizontal axis shows the measurement values
of the interferometer and a vertical axis shows the measurement
values (the measurement values whose errors due to the
unevenness of the scale surface has been corrected) of the
encoder, a map which shows the relation between the two using
25 a curve can be obtained. Because the measurement values of
X interferometer 126 in this case are obtained when wafer stage
WST was scanned at an extremely low speed as was previously
described, the measurement values hardly include any

short-term variation errors due to air fluctuation, as well



of the grating deformation) and the like) and the |ike previously
described. In this case, the inverse correction refers to the 10
processi ng of conputing neasurenent value C41 based on neasurenent

val ue C4, under the hypothesis that C4 is a nmeasurenent val ue of the
encoder after correction when measurement®®val ue C41 of the encoder on
whi ch no correction has been perforned is corrected using the stage

position 15 induceth-&/dvl &OrBGPR f Mati PN PreM YsSlhig that the

descri bed, the scale i nduced error correction Informati on descri

above and thendddtfrement valNaw ddee N8IAFRN wAMIOlid MEHAlhe errors
(control sampling interval) of wafer stage WST, as an exanple, is 96

[1.1 sec], 2@ahowevdrgncdeel.neasurenent interval (nmeasurenent sanpling
interval) of an interferoneter or an encoder has to be at a nuch

hi gher speed. The Fagsterwhylutrtiagdsamsl meyeokenthefi madefre stagte WSEhd

t he encoder has to be perfornmed at a hi gher-speed than the control
sanpling s KESHidesbeRoVRe 26 statdrefdCandte PraREsEhBIcmR deasgagment

e e SIS 1 Ee) Ohhhe L0L11 SEpEe L DA I
However,’ wi t b dclje Jpasiiion [Serve, GantLal; SyStem gl Al o SLage ST, ¢
the system updat'es the current position of wafer st'age at

every controlg3agphidht HbIhEEYA e QlePS 4 1 $8PbosRAL 19 16R 9L ALhAMN oy,
to set the position to a target position,” and outputs thrust conmand

val ues and t he-eviikis 1ACcaeEdirnpby, withe theshbienaht | itk ofb Pl i le,
waf er stage i s necessary
10 averaging (or performing weighted averaging), main controller
20 also obtains correction information of the deformation
(warp} of grid lines 38 which sequentially face the plurality
of Y heads 64. This is because in the case reflection surface
17a is an ideal plane, the same blurring pattern should appear
15 repeatedly in the process when wafer stage WST is sent in the
+X-direction or the - X direction, therefore, if averaging
or the like is performed on the measurement data acqguired with
the plurality of Y heads 64, it becomes possible to precisely
obtain correction information of the deformation (warp) of
20 grid lines 38 which sequentially face the plurality of Y head
64.

Incidentally, in a normal case where reflection surface
17a is not an ideal plane, by measuring the unevenness (warp)
of the reflection surface and obtaining the correction data

25 of the warp in advance and performing movement of wafer stage
WST in the +X-direction or the -X-direction while controlling
the Y position of wafer stage WST, based on the correction

data instead of fixing the measurement value of Y

interferometer 16 to the predetermined value on the movement



5 at every control sanpling interval of 96 [p sec], and the
positional information in between the sanmpling intervals wll not be
necessary in the position control of wafer stage WST. The
interferoneter and the encoder nerely perform sanpling at a high
speed so as not to lose track of the friﬁﬁ%. 10Therefore, in the
enbodi ment, at all tines while wafer stage WST is |located in the

ef fective strgkedfange IRy in@iis|h derCrixned, r S8 b YN Hld @20 rection
continues to receive the neasurenent val ues (count val ues) from each

encoder (a head)crafbddebenepdesfsy stee WeYAH B mde Waehdes pHediely
t he encoder 15 watches the scale. And, main controller 20 perforns

t he switchi ngmpeerat+axi fditree tdrendefs thiskegmeopethti samdetoreertion
the plurality of encoders) previously described, in synchronization
with the timingdomatieonesd tihen woritimg roft athe fndfher %s tsmpel eperfcb rivhed
every 96 [p sec]. In such_an 20 arrangenent, the electricall ) ,

hi gh- speed sWX GG BhenEPFBAt PR AT B SffoTmabi ol WaEP @f9FLd 1ines
whi ch neans t _costly hardware ta realize such a high-speed

swi t chi ng opgbgtqaéln% 0e* hﬂr?dtner?g@@ss]élrﬁcl ﬁg:ifecrt]&’tﬁéma%ba?ﬁ’geed. FIG 21
conceptual | y shows pt.he .t iy of _pasgition tr f fer, S BT,
the 25 uptake of t % gguﬁggggFggg %?O?%é g%g%dg%%tgﬁ&&%ﬁézgw% c%ﬂng

of the encodeior ehitah Ak merhenmdohngthe 1 agbedt FENG £ ¢ R Geadles @nd
ref erence code CSCK shows a generation"timng of a sanpling clock of

the position canigoicef iwomastiage oS He ftthat el wengs eFderNBCKines
shows a generation timng of a 110 neasurenent sanpling clock of the
encoder 1@nd 3heandtcerfrerdienei p foFuat ben onagret engmde ctode t@d X scales
typically shows the switching (linkage) of the encoder. Now, in the
descri pti on a@Beveorraet son tieHorgatian eoded Bned iver {va el offr onidddnes
conbi nati on qQf heads (encoders) to another conbi nation_of heads
(encoders), dth@aFLnPﬁ&qﬂ%&¥“ﬁ%§@nﬁ%ﬂéﬁ@hgf@éheﬁéﬂﬁéﬁﬁoﬁﬁéé &rSPeSt

be known, however, .they al so_nust. .be known in the actual sequence as
well. It is £F§§a6Peﬁ§%abP&'FﬁmbHégﬁ%e the scheduling of the timng

to carry And, during processing of the lot or the like, main

15 controller 20 performs movement control of wafer stage WST
in the Y-axis direction, using Y scales 39Y; and 39Y, and head
units 62A and 62C, or more specifically, using Y linear
encoders 70A and 70C, while correcting the measurement values
obtained from head units 62A and 62C (more specifically, the

20 measurement values of encocders 70A and 70C), based on
correction information of the grating pitch and correction
information of the deformation (warp) of grid line 38 referred
to above and stage position induced error correction
information corresponding to Z position z, pitching amount

25 68x, and yawing amount €z of wafer stage WST measured by
interferometer system 118. By this operation, it becomes
possible for main controller 20 to perform movement control
of wafer stage WST in the Y-axis direction with good precision

using Y linear encoders 70A and 70C, without being affected



10 out the |inkage in advance. Therefore, in the enbodi nent,
main controller 20 prepares the schedule for the switching (the
switching fromone conbination of three heads (e. g., End, Enc2, and
Enc3) to another conbination of three heads (e. g., Enc4, Enc2, and
15 Enc3), and the timing of the switch) &f%the three encoders (heads)
whi ch are used for measuring the positional information of wafer

stage WST inwdjir | f: .+ Yo ) NI
t hegXY pl ane,wba;t%g%jog%slt ﬁ%h%eg%eﬁﬁq{:eg??[sagl{{%%ggﬁ ﬁogfc Izc)\ﬁeoﬁzv?/é:\ré{ge ahd
stage WBT, anthestoirgs dthexh s%m&quid NQ iFRUlth th i@ St agR devitle,

such as nenory 34. In this case, if aretry (redoing) is not
consi dered, tdmel adsbent shofittbeisghetitd edd ravehy shehge®ePr (@ition of
exposure map) beconmes constant, however, in actual practice, because

a retry nust wedsoomdiager BT iin iss dinsfariabl ddsurdamithe? hezentrenddrgr

20 to constantly update the schedule slightly ahead while perform ng
t he expostr e Wg&dtlicon (relative) et §entgtwesn Fhehbeagbaainehe sdrohe in

because the desgcripti.on was ,made related to the pr.inciple of the
swi t chi ng netahéﬁr@%ttlﬁél & S Pt o icGRtrian lof  waf er

stage 111 WST, ex ssions.such as _encader ead) .End, .Enc2,. Enc3, .
and Enc4 were used,%1 6\/\/51\%&%?% lpré’geeés’svﬁn’tgh&ft Q:ggyﬂﬁé toﬁattl%ﬁeidk@hdf“aln

and Enc2 ind@%ﬁﬁ%&ﬂf&?”?dﬂﬁ% S Hogrdu b%irQaAo%n%ﬁg%g %ﬁg e ST

pair of Y heads 64yl and 64y representatively, and heads _
Enc4 indi cat s XhBeads$6s ofi ead dn)i hs%gAzary!:aﬁl?é)a 308 raﬁﬁf@@%%'a"rﬁi ¥ead

Further, for simlar reasons, in FIGS 1 193 and 20, the placenent
of encodeds (Undads)2BndndEree?), Bichoanrd ddeeilfiike 1i1s7,shevimdixf flameaid vy
fromthe actual placenent (FIG 3 and the like). 10" Ceneralization
of Swi t chi ngeanddeinskagB $rd AdDpl while corrdatirketbaboh swergnentn values
order to neasure the position coordinates of wafer stage WST in
di rections ofPbtr@ediégraeiest Ynied AR RNdYo2Ry jmorpomeaifdoally, the
encoders (heads) and Y encaders eads), that_ constjtute encoder
syst enms 78A F@a%@épment véiues o%henc ders 70B and 70D), based on
correction information of the grating pitch and correction
15 information of the deformation (warp) of grid line 37 referred
to above and stage position induced error correction
information corresponding to Z position z, rolling amount 8y,
and yawing amount 6z of wafer stage WST measured by
interferometer system 118. By this operation, it becomes
20 possible for main controller 20 to perform movement control
of wafer stage WST in the X-axis direction with good precision
using X linear encoders 70B and 70D, without being affected
by temporal change of the grating pitch of the X scale and
the warp of each grating (line) that make up the X scale, and
25 also without being affected by the change of position of wafer
stage WST in a direction besides the measurement direction
(relative motion between the head and the scale in a direction

besides the measurement direction).

Incidentally, in the description above, the correction



15 at |l east three heads which at |east include one X head and at

| east two Y heads are constantly used. Therefore, when the head which
Is to be used is switched along wth the novenent of wafer stage WST,
a method of switching froma conbination of three heads to anot her
conbi nati on of three heads is 20 enpl oyed0Plso as to continuously |ink

t he neasurenent results of the stage position before and after the
switching. This_.nethod wl e referred t s a first ne

Covever | wherk TSI T 1S GSPE LBa RATEe20r FHE. ShEd ohi ify HeP was
l'i nkage proc _qga ffe%e | £ so be
viewed as a %SB%J afso\%ltc%rh r%thc?ﬁg % g %{h? %ﬁ}ﬁeéec g%dgﬁ That™ ar etlrle

used to anot hafe tgad.i nbhink: %t E%d &‘tlill@cé@f&f gﬁ(_jLst 0,88 S ML ction

met hod. Now, the second nethod will be describe referring to a

swi t chi ng andidfdkage g e shd @Q@t‘{n@e@dtéﬁcanHOtﬁécglr@@ Bihe &an
I ndicated by an arrow 112 el in FIG 7A The basic procedure

of the swhbtchieqqruoicess drsly vt e idtdr alfe ristsdedlad dddahavd cdradid,l or
be suspended | ater and a second head 64c4 which will be newly used
face t he Corﬁégp@ﬁ@lﬁgﬁg@ﬁ1énformatlon of only either the grating pitch

or the grid line warp can be acquired for both the Y scale
and the X scale. For example, in the case where only the
acquisition of the correction information of the warp of grid
10 line 37 of the X scale is performed, wafer stage WST can be
moved in the Y-axis direction based on the measurement values
of Y linear encoders 70A and 70C, without necessarily using
Y interferometer 16. Similarly, in the case where only the
acquisition of the correction information of the warp of grid
15 1line 38 of the Y scale 1s performed, wafer stage WST can be
moved in the X-axis direction based on the measurement values
of X linear encoders 70B and 70D, without necessarily using
X interferometer 126. Further, either one of the stage
position induced error previocusly described or the
20 measurement error (hereinafter also referred to as a scale
induced error) of the encoder which occurs due to the scale
(for example, degree of flatness of the grating surface
(surface smoothness) and/or grating formation errorxr
(including pitch error, grid line warp and the like} and the
25 1like) can be compensated.
Next, a switching process of the encoder used for
position control of wafer stage WST in the XY plane that is
executed during the actual processing of a lot or the like,

or more specifically, a linkage process between a plurality



5 39Y2, main controller 20 executes the restoration of the second
head 64C4 and the setting of the neasurenent val ues (linkage process)
, and the switching (and suspension of the first head 64c3) of the
head nmonitoring the neasurenent value. On setting the nmeasurenent

val ue (linkage process) , main 10 controllP2r 20 predicts a

measur enent val ue Cy4 of the second head 64c4 using a neasurenent

I 3 of the first head . 64c3 In thjs cas according. to
Uheoret] cal (4 BAGSEm ) L nbee 0P BREAPS0a) aEte Braras G/hd GTush s dde

i o o St ) Wlgp\ i
In this case,j{R3mnA3)oaNd R s 48 ! I‘Earc?f tﬂ% 'éﬁﬂ%l\(l i (ﬁlﬁg‘l of each

positions (or to be nore precise, posit

measur ement pidi %K&ﬁtcﬁfélyorﬁd&ﬁk%d ) Weverinads il ah&ACH T G he

make it nore sinple, suppose that the Y setting positions of Y heads
64c3 and b4chuwrfmegual g3 scaja), .arldhdédre tduquisiippasi to Hpormeaaridimg
to formulas (17a) and (17b) above, 25 the follomnng formula (18) can
be obt ai ned. mrr@jcg(cp'g -qf4)the mgraztlx(glggltcjmg)f the scale and the

correction information of the grating deformation and the like
are performed in advance.

In this case, first of all, prior to describing the

10 linkage process of the plurality of encoders, a concrete method
of converting the corrected measurement values of the encoder
into the position of wafer stage WST, which is the premise,
will be described, using FIGS. 19A and 19B. In this case, in
order to simplify the description, the degrees of freedom of

15 wafer stage WST is to be three degrees of freedom (X, Y, and
e z).

FIG. 19A shows a reference state where wafer stage WST
is at the origin of coordinates (X, ¥, 6 z }=( 0,0,0). From
this reference state, wafer stage WST is driven in a range

20 where encoders (Y heads} Encl and EncZ and encoder (¥ head)
Enc3 do not move away from the scanning areas of their opposing
scales 39Y;, 39Y, and 39X;. The state where wafer stage WST
is moved to position (X, ¥, @ z}) in the manner described above
is shown in FIG. 19B.

25 Here, let position coordinates (X, Y) of the measurement
points of encoders Encl, Enc2, and Enc3 on the XY coordinate
system be (p1, di1), {(p2, d2), and (ps, g3), respectively. The
positional information of the irradiation point of the

measurement beam, which was acquired in the case of the



first head 64c3 which will be suspended later into Cy3 on the
right-hand side of fornmula (18) above and obtai ning Cy4 on the

| eft-hand side, the neasurenent value of the second head 64c4 which
will be newy used can be predicted. 5Predicted value Cy4 that has
been obtained is to be set as the initiall0O%al ue of the neasurenent
val ue of the second head 64c4 at a proper timng. After the setting,

the fi t head 64c3 . d wh it..m ff 39Y2, which

bompl ot 0 1 e Tt i S I st Tyt B @5 ey iR
t f d d i i i f

(18 “above, & amsl S ERE ugERN e B Lo R AL ES B BT HE ot

measur ement reHdSr OfERNOLhE mead Jhbal _Leoagthkee $HoULd De Sencoder

substituted into variable ez. In this case, another head that |

active 15 is mi3,| anttet tesihe godistidieadi f463mubi6h Jd StEYBr@Edil® ion
swi tching, but includes all the heads that provide the neasurenent
resul ts necegsdamit tod bbheanerswtatenn gl é szead Nf1dn metasy, 3bhetadiswmed
the first head 64c3 is a head of head unit 62C, rotation angle Oz can
be obtai ned ySIthg taserditsteaHawms 64ca3ndangd dorenseigt e Ergrle agfd tHne?2
heads of head upit 62A that faces Y scal e 39YLl during the sw tching.
O, a value &9 HAIGHHERI® EluswicRic&RCcBEeEbERCSed from t he

neasur ement results, of i nt.erferqnet 126, Y interferoneter 16, .oOr
Z interferometer 4%& aﬁifj(hffﬁl (?ln‘j{ %@el ierliélec?ld e gﬁé‘[yerme%?é]tr&n%

118 and the |ide,can, he JuBsk! EULACLAL P, YALIADLS, 8oy LACLASIUALL Xieage

the switching an i hkage process S Was exp

exanpl e her eydroneretorthaqIy, t 405 80raRent i PKkBYEs RT,0S88SC PBEWERE Khead
heads, and further, also the switching and |inkage process between
two heads 1khd the Y head can be expressed, respectively, as in the

following formulas (12a) and (12b).

Cxy = r" « ex’ ... (1l2a)

15 Cy =1 ey’ ... (12b)

In this case, ex’ and ey’ are X’ and ¥’ unit vectors in

a relative coordinate system (X', Y’, 8z') set on wafer stage

WST, and have a relation as in the following formula (13) with

20 X and Y unit vectors ex and ey in the reference coordinate

system (¥, Y, 8z).

ex' cos0z sinfz ( ex
= ) - (13)
ey') \—sinBz cosBz /{ ey

25 Further, r’ is a position vector of the encoder in the
relative coordinate system, and r’ is given r’ = r- (0’'- Q),
using position vector r =(p, g) in the reference coordinate

system. Accordingly, formulas (12a) and (12k) can be



bel onging to different head units such as between the X head and the
Y head can al so be explained simlarly as the second net hod.
Therefore when the principle of the |linkage process is 5 generalized,
t he neasurenent val ue of another head newy used is predicted so that
the results of the position neasurenent éf4wafer stage WST is |inked
continuously before and after the switching, and the predicted val ue
is set as the initial value of th asur enent val ue f. the, s d
head. In thi <90 % 3% Jé}dte}}etﬁoﬁoe“ﬂ}rrbq nfte%“ ufle%e)nta%l ﬁ]g'@)rso‘f
anot her head, theoretical fornulas (14a) and (14b) and the

measur enent val ues of the active heads including the head which w |
be suspended | ater cguhj ect(dot he, oM tichiqug widindye used as rgguired.
However, for the rotation angle in the e z direction 15 of wafer
stage WBT which i s meeessary-0on $heotinkagey) acogdrie, whi ch (Bab)

obt ai ned fromthe neasurenent results of interferoneter system 118
can be uséd. As i s described above, even if it is prem sed
that at |east three heads are constantly used to neasure the position
20 of wafer stage WoFAndidialeot iwhieh ofa by od adsyMeds i LaceddeimatX the
Y, ez) as in the ,recedi(gﬁg first method, if focusing on only the two

heads whi ch &F¥THYELRS ofrectrs O3 BReSBRNECHT nll Gndl I5 nKkdife MEdstesgent
w t hout referring to concret e, procedure of predicti t he .
measur enent vvaa]ld'ge Sof°§anh°§}rheeer Pﬁ’ecaood‘g%s Nt f%seéﬁj?retsr%e&oﬁggro\?ﬁecilﬁ?w as
t he second g\k}ﬁé outc .of e tdr.ee i
sw t ched tong#(;?%er ﬁd%ﬁ}dﬁ ea El’a?ec]}(;1 (1%’) ﬁ%%laog}rﬁl% ye!jastthoe as

description s ifari s ipdsr ahd her onem sedd@lrthe fppsi tion of wafer
stage WST in directions 115

Cy = - (p1—X) sin®z + (gq1-Y) ceosfz ...... (15a)
Ca = -~ (p2-X) sinBz + (g;-Y) cosfz ...... (15b)
Cy = (p3—X} cosBz + {(gs-Y) sinBz ...... (15¢)

15
Incidentally, in the reference state shown in FIG. 193,
according to simultaneous egquations (15a) to (15¢), then C;
=qi, C; =g, and C3 = p3. Accordingly, in the reference state,
if the measurement values of the three enceders Encl, Enc2,
20 and Enc3 are initialized to i, gz, and p3 respectively, then
the three encoders will show thecretical values given by
formulas (15a) to (15c) with respect to displacement (X, Y,
0z) of wafer stage WST from then onward.
In simultaneous equaticns (15a) to (15¢), three formulas
25 are given to the three variables (X, Y, 6z). Accordingly, if
dependent variables Ci, Cz, and C; are given in the simultanecus
equations (15a) to (15¢), variables X, Y, and 6z can be obtained.
In this case, when approximation sinfz =~ 9z is applied, or

even i1f an approximation of a higher order is applied, the



of three degrees of freedom (X, Y, Oz) was neasured using at |east

t hree heads. However, even in the case of neasuring the position of
two or nore in directions of mdegrees of freedom (the choice of the
degrees of freedomis arbitrary) using at 5 |l east mheads, it is
obvi ous that the observation of the secoh@>nethod where one head out
of m heads used is switched to another head can be realized, as in

the d t h t b de |
wht o under - £ BiectF: a8k ﬁo&ﬁredaﬁa%bﬁifC' G ERB A 4 e of

referred 10 YRS Bl I ghsHet QOd%(h C}:S)gbcc%(ﬁ%ﬂtber}i %frotrn“% en?ﬁ%me%t

switched to a i nat’i on of aﬁo eads e consi s

realized. valuddl hechaérlp&ecaaq;f/q:hes\@ﬁ |19 and |inkage process
bet ween both heads 648 ahd b4c4 1s execut while Y heads 64c3 15

and 64c4 each facenNehke CQFImm@lﬁ]@c\és@@be%%ﬁ%d @ufiﬂ% ttHy %W:Ltchlng
operation, according to the pl acenent of the scale and the head

enpl oyed 5n efpaser enapgaratesd 10 bff drheoedhddinmeant roheo Y Wtk stage
(expressed as 64A) of the Y heads of head unit 62A faces Y scale 39Y1
and neasur es W&l ani teedk¥ i et Lol suhPeimOnBOYIr ifpuchepecdliisally,
direction. Therefore, .a switching and |inkage process wll be

consi dered f POhiBIEiPdt SEERBNEAR cﬂwmé’ﬁs\“ﬁ@%@ Ba3ugnwi b4 degcribed,

d combi nat f Y heads 64 d ding t
Thoor ot cal FRFHITEY DARr EHEAh e "5 AR AW ¥ head G4A -

follows fornula (1&ﬁ)tﬂ%|%WbogﬁﬁeQQp %) i %%VlOE%& Yhﬁ%%%%%ed(ll%%ee

116 (or to be nore precise §°y po itions of the easureme

point) ofpY @@%o@‘?ﬁ% Tenh88KRekh iis rﬁ‘?{oetﬁé h €2 a1 SURRASE shhaly cYbéé’I:@ré %fer
position gA of Y head 64A is equal to Y setting positions g3 and

of Y heads 64@3gantisi40A thaA THa3 oF ) ived \Whandecnrid ¢ wfaqre@lsa;%ge
(17a) and (17c) , which
WST, and when the switching process of the encoder is performed,
four encoders will be made to observe wafer stage WST, as shown
in FIG. 20.
i5 At the moment when the switching process {(linkage) of
the encoder used for the position control of wafer stage WST
within the XY plane is to be performed, encoders Encl, Enc2,
Enc3 and Enc4 are positioned above scales 39Y;, 39Y,, 39X,
and 39X, respectively, as shown in FIG. 20. When having a
20 look at FIG. 20, it looks as though the encoder is going to
be switched from encoder Encl to encoder Encd, however, as
is obvious from the fact that the measurement direction is
different in encoder Encl and encoder Enc4, it does not have
any meaning even if the measurement values (count values) of
25 encoder Encl are given without any changes as the initial value
of the measurement values of encoder Encd at the timing when
linkage process is performed.

Therefore, in the embodiment, main controller 20

switches from measurement / servo by the three encoders Encl,



measur enent val ues 073 and Cm of Y heads 6403 and 64A of the first
conbi nation follow, are substituted into theoretical fornula (17b) ,
whi ch neasurenent value Cy3 of Y head 6404 that is newy used
follows, formula (19) belowis derived. 10 Cy4 = (1-c) Cy3 - ¢ CA
(19) However, constant ¢ = (p3 - p4% / (gA-g3) . Accordingly,
by substituting the neasurenent values of Y heads 6403 and 64A 15

into 3 an on, the right-hand side of formula 9 bove and

ot i e oy ETRZ AR [ P H AR S e W (DR P ageTs
6404 newy u a Lct.ed. .Pr.edi-gt ed_val u 4 th

has been gbt%ﬁ%ﬁ% EEQ§5B%§%§§?'agM?ﬂ%Sﬁgﬁgﬁﬁéggﬁ"v%f§§:§?9¥mh%%§£from

6404 at a prapgf, bhMMYis %%tﬁéoeﬁstd“ﬁﬁgﬁv\%ﬂ@@’roﬁ Qﬁ@dc t 8f a normal

suspended when it noves off scal e 39Y2, I ch conpletes the sw tching

and |inkage mreess: linGieNt aldy in2€896dinBgnbE the DlRkesEnts efaddot
scal e and the head enpl oyed in exposure apparatus 100 of the

enmbodi nenp, dirdmeast lneed Xdheadtbérflaess, ¥uscAlem 3D Xbmbdi n39XAn256f anttee
nmeasures the relative displacenment in the X-axis direction. Then,

accor di ng t o hafslaeEngetam) res @ toomfindte arthral dreeidsr winde dremds
one X head 66 and two Y heads 6403 _and 64A, the position of wafer
stage WST in @A 0Ns of "EAFEBtaddrecd Nofther 68d6/M (Rady, aps) apgther

computed. Housvel piR kIS rarpLe ol L LN LE 09, 200 L1 iRt
shectator. o PG, ohseExabhRn SlcJEs R POLADRIE oy, goverer,
combi nat i @n afy ARRINEIE I NRADSN Y herd GdGfhple, the encoder can be
switched, for example, to the encoder adjacent to encoder Enc3.
First of all, main controller 20 solves the simultaneous
equations {(1%a) to (15c¢c) above based on the measurement values
Ci, Cz2, and C3 of encoders Encl, Enc2, and Enc3, and computes
15 positional information (X, Y, €z) of wafer stage WST within
the XY plane.
Next, main controller 20 substitutes X and €z computed
above into the affine transformation of the next formula (16),
and determines the initial value of the measurement values

20 of encoder (X head) Enc4d.
Ca = (ps—X) cosBz + (g¢-Y) sinbz ...... (16)

In formula (16} above, ps and gs are the X-coordinate

25 value and the Y-coordinate value at the measurement point of
encoder Encéd (detection point). As Y-coordinate value g of
encoder Enc4, the positional information of the irradiation
point of the measurement beam which was acquired oncalibration

of the head position previously described is read from memory



5 and 64A, is consistently realized. Accordingly, under the
prem se that the use of three heads is indispensable to neasure the
position of wafer stage WST in directions of three degrees of freedom
(X, Y, Qz), the first nmethod was proposed as a general nethod of the
switching 10 and |inkage process that codP@ be applied to every case,
regardl ess of the placenent of the scale and the head enpl oyed in

exposure a tus 100 of, t he, enbodj nment. And, based on the concrete
ol acenent of 1hEPGCH HSRT VhbLRERi<eRPPEIoRFR it @ apPaPAEhERCY

100 of the e i t he, concr r oqcedur.e of. the.linkage .
process, t he © eSe_r v%tqlgﬂgooéfﬂi%oce&lﬁiﬁdte orrlé]n[?%tglaoq'_%:ooufdterbee_lrreraalqlzaetdl Oung_ eorlnt
a particul ar coRg{d ik surement E@%hp§%t§ggﬁ1fk?maﬂgh&£¥n3&0a¢§“a I fdy,
met hod, in the swtching anf | i nkage process of the entoder head by

the second and thi iy gethads dasicrl baduahnyes dnhenIBasURRNRIY of i der
of 20 another head to be newy used was predicted so that the

position SoorEliavht el iofkanpd erilst dge MMRD Mdtieeh Wit tareddrcradiction,
continuously linked before and after the switching, and this

predi ct ed valhay s nedntas ngd thetpesividme X0, t Bez medsuréaenstagd JST
of another head. Instead of the processing above, the 25 neasurenent
error of anotHedifestiond Gdi hhrencledrRudndrecdrior Fepw ey Byard,

the switchi i nk - b mout d th ti

el g g A RATB AT R R
ti d . h d f ;

Comirer ! of clddd M AEAREFAIRTC, SR 0% o8, | Ha 3548 dlddfers Bnc2,

correcti op daify3 POs{d il JHY A NBtd Qi f YIS SiAas, MEh 1 agrgcg a

by the another head can be corrected, or a target position o

stage WBT fompaariorredbrainedsd be, goreeficvafurtdeis@meT 18 ddiputed.
exposure 5 operation, servo drive control of the reticle stage is

performed, follow ng the novenent of wafer stage WST. Therefore,
based on the correction data, instead of correcting the servo control
of wafer stage WSTCatfie~f dbbof uplzez vbo tqtiolcasi®z he .r etlixdd)e st age

can be corrected. Further,
Cy = (P3—X) cosfz + (gz-¥Y) =indz ... (15c)

15 Cyq = (Pa—X) cosBz + (gs=Y) sinez ... (15d)

Incidentally, in the case the fourth encoder is a Y head,
then instead of using theoretical formula (15d), the following
thecretical formula (15e) can be used in simultaneous

20 equations (15b) (15c) (15e).
Ca = - (ps—X) sindz + (gs-¥Y) cosbz ... {(1l5e)

However, because measurement value C4 computed zbove is
25 a measurement value of a corrected encoder whose various
measurement errors of the encoders previously described have
been corrected, main controller 20 performs inverse
correction on measurement value C; and computes a raw value

Cy’ which is the value before correction, and determines raw



10 according to these control nethods, the neasurenment val ue of the
head before the switching may be set as an initial value of another
head w t hout any changes. Incidentally, when naking the correction
data, not only the encoder system but al so other neasurenent systens
that the exposure apparatus 15 in the enbddi nent has, such as the
interferoneter systens, should be appropriately used. Next, a

Il el i Lan.that f ST _and
Teacur erent SCAGES ST PR GRR0SHe Appdrdids CFodrar NERS EMBBErEA e oF

il be describefidiaser on HGR 42 19 A5 201ncldanalle dulno

t he operation bel ow, mairf corit rtorms e open/close
control of each i Pfid s BPPlohdad o0 Elrﬁﬁfééd @b REAURISE 1on

device 6 of local liquid imrersion device 8 in the nmanner previously
described, anchfwatertich censt antdhe fddd:et id¥ thetspace df BHe updaring
tip lens 191 of 25 projection optical system PL. However, in the

descri ptibn beidacd df leieesake ahdgonplicictorreichea cexphénamedhon of the
related to the control of liquid supply device 5 and liquid recovery
device 6 wil |95 ige tidkh RUr tihe sardsy (@mahithgs comragdedn dnfegmation
operation description hereinafter, however, reference 119 codes may
or may not bé&%gi FF Y SeFeTmaRIG ) ARk dde dridh Ingndvoe Like

specifically, the reference codes witten are different for each
drawi ng, howdFér - o4FeH %ﬁﬁﬁé??éwe the same configuration,

regardl ess of the indigatd %&%{,ntt?%eri%fv%rr%%c %o%r%%ciﬁ%gr Mg € the

be said for each drawi ng use escription so

22 shows1@ StalR 8T FPRVMRIth] MR bR SAAMKLdTREM0E A8 Jb8HNT
performed on wafer W(in this case,” as an exanple, the wafer is a

waf er m dway nefasa regfdral rdlote (QNeuhdelO0theORyBbRBe33s0h20 vaf£5§S) )
on wafer stage WST. In this state, neasurenent stage MST can wait at

a w t hdr anal meesitreorenithersdlud vditds dngmpieng afitter wafrere csttiage WNEH
however, in the enbodi ment, neasurenent stage MST i s noving,

fol | owi ng wafiea ssragenisTaiid &:keepi e e predet arhiwiddidirst avgaection
Therefore, 15 when neasurenent stage MST nbves into_a contact state

(or a proxi nif@F SESNePARIIFMRL S SAFEMST idl e SEFeiuRe Hidslon

15 induced error correction information previously described,
the scale induced error correction information described
above and the like.

Now, the position control interval (control sampling
interval) of wafer stage WST, as an example, is 96 [u sec],

20 however, the measurement interval (measurement sampling
interval) of an interferometer or an encoder has to be at a
much higher speed. The reason why the sampling of the
interferometer and the encoder has to be performed at a
higher-speed than the control sampling is because both the

25 interferometer and the encoder count the intensity change
(fringe) of the interference light, and when the sampling
becomes rough, measurement becomes difficult.

However, with the position servo control system of wafer

stage WST, the system updates the current position of wafer



been conpl et
referred to
nmeasur enent

ed, the sane distance as the predeterm ned di stance
above will be enough to cover the novenent distance of
stage MST. 20During this exposure, main controller 20

controls the position (including the ez rotation) of wafer table WB
(waf er stage WST) within the XY plane, b&88d on the neasurenent

val ues of at
70B and 700)
scal es 39X1
70A and 700)

39Y1 and 39Y2, respective

Ieast three encoders out of two X heads 66 (X encoders

B b Betn b e aiasenelianeka gaﬁgﬁwﬂ doddt 5o
EE?BPQQ@ ?X £ %'ertc‘&ﬁe Emultg"onzgo afé ngeg r;r%csqlt%.%n

I t'Chi ng nt or

and yaw ng a@HHPBuQBu%@f@ﬁr@é@gﬁmM§ﬁkﬁ§§§Hé§@uﬁyth@tfiﬁ@rOﬁﬁk%&dlngly,

system 118,
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15

20

25

the stage position
the positional 1nformatlon of the wafer stage is necessary

at every control sampling interval of 96 [u sec], and the
positional information in between the sampling intervals will
not be necessary in the position control of wafer stage WST.
The interferometer and the encoder merely perform sampling
at a high speed so as not to lose track of the fringe.
Therefore, in the embodiment, at all times while wafer
stage WST is located in the effective stroke range previously
described, main controller 20 continues to receive the
measurement values (count values) from each encoder (a head)
of the encoder system, regardless of whether or not the encoder
watches the scale. And, main controller 20 performs the
switching operation of the encoders (linkage operation
between the plurality of encoders) previously described, in
synchronization with the timing of the position control of
the wafer stage performed every 96 [u secl. In such an
arrangement, the electrically high-speed switching operation
of an encoder will not be required, which means that costly
hardware to realize such a high-speed switching operation does
not necessarily have to be arranged. FIG. 21 conceptually
shows the timing of position control of wafer stage WST, the
uptake of the count values of the encoder, and the switching
of the encoder, which are performed in the embodiment. In FIG.
21, a reference code CSCK shows a generation timing of a
sampling clock of the position control of wafer stage WST,

and a reference code MSCK shows a generation timing of a



i nduced error correction information (correction information obtained
by formula (10) or formula (11) previously described) of each encoder
corresponding to the Z position, the correction information of the
grating pitch of each scale and correction 5 information of the warp
of the grid line. Further, main controll 020 controls the position
of wafer table WIB in the Z-axis direction, the ey rotation (rolling)

; dth I‘]E’at?ﬂtﬁ-?gl]qp .Ft?mjh:- , Eb d t, va f

D aip o Cﬁ gij rotation (tt7)l c |]nﬁg age Odc_gg: mea,suroe n v, I l{?S ;) fogg
10 d and ;h%'QI G d (it hod FeEY (65 Aoy a
39Y(2))neofent he Wafer ta gce%vrllB gur Facer?n f%‘g@%_%a?fzé g?raggt |Hon%.ypl g‘dLly

| nci dental 1Y oiidies R 14,0 cafs iR i hakleh S dip, dhe aci S i rect i on

and the By rotation (rolling) can be controlled based on the

measur enent val ue obw/ SRR Sebéliptidhlabovd ShHb sANdcAbndbZhdts c@Rdd
the ex rotation (pitching) can be controlled based on the nmeasurenent

val ues of3Y ibet erefreficommetcerf rbfn drre aronidase, i drheftdrdadd  (drecders) to

| eveling control of wafer W of the position of wafer table WIB in

the Z-axis dianedthiegncomhaénBfipst af ilradan@ndesless )ronati e duiming when
this exposure is perfornmed, based 20 on results of a focus mapping
perfornmed i n XAGaHEECBYNEhea e PEETRETAE Y- ttébsr BUPBRsIRowever, they

descr 1 bed aba¥e0 BASEP SRR EsTet haren AFRGRAERIq e 1q. Ehhattqo°
a5, &1 RS e o PP AT 42 et g o,

the | atest baseline and al rgnnen

to AL24,1HYy IRReAtN] 13 KIRMENBNt: KREfALT on between shots in which
waf er stage WST is noved to a scanning starting position (an

accel eration startirhgrp@sirki 0ih ok expesunenel each shetranearono
wafer W and a scanni ng exposure 121 operation in which a pattern

formed on repreperls s$her anbbdniedfont theaohi sttoinar @ehdyswa tdamyy Hgom
exposure method. Incidentally, the exposure operation described above

i s perfornedong gosbanatikarefvilieee ineads diened- i nEngé, sijae®, $nd Enc3)
between tip lens 191 and wafer W Further, exposure is perforned in

the order fr&h eRetBRstCHMRENG bR &f Shregeheyds| fe o rt ReCShdinegeand
| t ed t Y side.i FI.G, 22. i dent.al |y, tail the E

ot o e GBI e ik S TRIFD o ea S EACl T thp T59 861 Frsgers
the like. 10 f h t . Wis., d,

min cont ol 123555 $8 o' Gl et Fo A WEA ALY SnelidcR iARRRS

nmeasur enent  Valderf 1%y BE%JféP@%ta%re #3TWH 18 FRINRANERG NS degrees
measur enent value of X interferoneter 130 to a constant value, an
noves nmeasur efenteSEag XYSH, Emasut BB Rhe 2bhe aMEB)based on the movement
course (target track) of wafer stage WST, and stores the
20 scheduling result in the storage device such as memory 34.
In this case, 1f a retry (redoing) is not considered,
the contents of the schedule in every shot map (an exposure
map) beccmes constant, however, in actual practice, because
a retry must be considered, it is preferable for main
25 controller 20 to constantly update the schedule slightly ahead
while performing the exposure operation.
Incidentally, in the embodiment above, because the

description was made related to the principle of the switching

method of the encoder used for position control of wafer stage



15 to the position shown in FIG 23. Wen the neasurenent stage is
noved, the edge surface of CD bar 46 (neasurenent table MIB) on the -
Y side touches the edge surface of wafer table WIB on the +Y side.

I nci dental ly, measurenent table MIB and wafer table WIB can be
separated, for exanple, at around 30011ml2D in the Y-axis direction
while nonitoring, for exanple, the neasurenent values of the

i nterferonet r the encoder that measures he 05|t|on of _each

table in the x CEPEFPEPENS D a?s‘3 EB<REERT & r"?d"r‘?lcoﬁfl&gt 3G e and

imt ft d t \YS)
e set 14 Zs?q‘fﬁ?)e S5ei Fr sl S R bt O%EW%%P*&TSE%%“% AY bred Encl
exposure of vafem W) ?Lﬂh*icé‘cégéﬂﬂéf FOUEH WY g H@bﬂt@:ﬂéﬁ%iﬁ'aﬁnd 62C

positional relation. Subsequently, as shown

control |l er 2@haghaisr biFey opaid 6oy, eihdlplyl NGcpRasdhelBAt e320endMPEads
inthe 122 - Y-direction, and al so begins the operation of dri vi ng

waf er st age \NBE X et dngrdl dadiiengtpaskt headUre afi headraimitaidimgriche2D,
positional relation of wafer table WIB and neasurenent table MIB in

the Y-axis dinsagEssmtagieielnhe Epetheironsohegdind lairnr &asdes eripodl @Bntl oA,
measur enent st age IVBT is noved only in the -Y-direction, and wafer
stage WBT is 8adi%P ¢ kbe Mlacemert &f aRECLRES- eAdEcEned, Enc2, Enc3

When main contr 20 si nmul t aneoys drives fer sta

measur enent sar“éjgélhﬁsi’l%ﬁ f‘ﬁes Hhe?t %%%E??B B Hdife 2 gcttﬁl\é/a\ﬁv\éﬁé'rcement
(wat er of Ilo( i 1 gy ary %4 shown in FIG 24) whi ch was
retained in the space et ween lens 191 of projection unit PU and

waf er Wsggquenti al Iy fef;
measur enent tabl e Wé;%;é?%%g\é%rttl%t %éf %\@Let?r%ﬁ't %gfaga ?g&kélggge V@Clglg»

nmeasurenent stage WRTthe EhblbBemen¥,siieorldee dentlalsyiredihiengdsie ion
novenent above, wafer table WIB and neasurenent table MIB nmaintain

t he contact sicatrelifEtes oXiwafyr sttaige) WpTeln alidey-tdeser bberhree degrees
Incidentally, FIG 24 shows a state just before the water of |iquid

i mer si on ar & I&eesioppvied dvefalo Gy e ¥ emauldstres 2ASeakait kerd Y
20 in the state shown in FIG 24, nmain controller 20 controls the

posi tion (i n@l“&d’i%st KBeeps) obBR | HNTFL Mt rnCasies BYBLERES &PA st éD,

he measur enent ues

WST ) wi |nth pl ased on .t val (an
st age p0£$t|&ﬁ &%gﬁﬁb?léﬁv%égyfghat east incl %e one %ead and

at least two Y heads are constantly used. Therefore, when the
head which is to be used is switched along with the movement
of wafer stage WST, a method of switching from a combination
of three heads to another combination of three heads is
20 employed, so as to continuously link the measurement results
of the stage position before and after the switching. This
method will be referred to as a first method.
However, when considering the basic principle of the
switching and linkage process from a different point of view,
25 it can also be viewed as a method of switching one head of
the three heads that are used to another head. This method
will be referred to as a second method. Now, the second method
will be described, referring to a switching and linkage process

from Y head 64¢s to 64¢4 as an example, indicated by an arrow



information, the correction information of the grating pitch 25 of

the scale and the correction information of the grid line of encoders
70A, 70B or 70D stored in nenory 34, corresponding to the pitching
anount, rolling amount, yaw ng anount, and the Z position of wafer
stage WST neasured by interferometer systém 118) of the three

encoders 70A, 708, and 70D. 123 When waf er stage WST and
measur enent st age %EE a5ﬁodriven si mul taneously, slightly in the

di rections abdveéfdrtherfiore fromthe state shown in FIG 24,
respectively, beca . ROSLL I r.enent . of fer WBT . .
(waf er table WB) g%%ﬁbggé%c%%%éggﬁg??%ﬁg;e?BBf%ﬁP&%gn%r$%%ggﬁjﬁeWhlle

possi bl e, MaidL1GPRtA1Qdtehe2Q 63, kﬁ@\%\%ﬁ{% B%'Eds%e[rﬁfe& *ﬂgtzr | LiQRond

and the ez rotation of wafer stage fer table WIB) J ust before
this, from amon 6ek, PASEH wON 1t e MBASHHEBENt a ¥R URScOf r s SHEQULE Scale
70A and 700 to a control based on the neasurenent 10 val ues of

i nterferofet é9YL6 reanith ZonhhteilflerdfeteesuddA Erdrd8Bordheon «ff tee s&cond
predetermned tine |ater, measurenent stage MST reaches a position
wher e basel i ieateddar @nshitheheegitaabt ef tpproprseregnt efasiyesl (tld rdsige
Sec-BCHK (interval)) of the secondary alignnment systemis perforned

15 at a preddtt&GRSTEd PRESFRRAISWELThIMS (eBdesvuepeeton égee&%mw@)ad

hown in FI G, 25  Th ' troller 20 st t st
VET ot the pOdict) ont WD BFTQCRoarar a8 abeS VST BT eHes o e towar d

posi t1on UP, i | 6 Chesatr kb chRd i u Bl PRT0g, lyBlodPLEEehRY. matn

using X pgad &8 dré1ld1ean preadet s79Be SHOWEME AL F&ﬁucﬁ%ﬁ%f qupded dyg

acircle that faces X scale 39X1 and al so nmeasuring the position in
the Y-axis dineeed bap, aBdnghg ik 4 0t athdon vanthd 0e, bitkehasi sty head 64c5.
interferometer 16 and Z interferoneters 43A and 43B. Incidentally, in
the state 25 Ishdalis radbel RorddimgnatertHen reatiaialeddmulee Qpace

bet ween neasurenent table MIB and tip |l ens 191. Subsequent |y,
as shown in FEESUIZEFenid V2 uerale: covt Lol lat Y20eadjsustis: winel @%cs follow
rotation of CD bar. 46, based on the neasurenent val ues of Y-axis

| i near encodérFTHIE sanld 7AJF anch4(17b) below.
15

Cys = - {p3—-X) sinBz + ({(g3-Y) cosbz ...... {17a)

Cyqs = = (ps—-X) sinbz + (gs-Y) cosBz ...... {17b)

In this case, (p3, 93) and (ps, 44} are the X and Y setting

20 positions (or to be more precise, the X and Y positions of

the measurement points (detection points}} of Y heads 64c3 and
64cs. To make it more simple, suppose that the Y setting

positions of Y heads 64¢3 and 64¢4 are equal (g3 = g4). Under

this supposition, according to formulas {(17a) and (17b) above,

25 the following formula (18) can be obtained.

Cya = Cyz + (p3—p4) 8inbz ...... (18)

Accordingly, by substituting the measurement value of



configured by Y heads 64yl and 64y2 shown in FIG 26 surrounded by a
circle that face a pair of reference gratings 52 on CD bar 46
supported by neasurenent stage MST, respectively, and al so adjusts
the XY position of CD bar 46, based on the 5 neasurenent val ue of
primary alignnment system AL1 whi ch detectd3reference mark M| ocated
on or in the vicinity of center line CL of neasurenent table MIB

Then, in this_state, in controller _2 erfor t he Sec- BCHK
(Toterval) | e o e Sssaiid (ind- Per ShFRENRBS: T2 o o ih&ep g the
econdary 10 al | t e i re t rinmr l.i gnnent
System ALL) orqiie T SYREORE S SRR RS T REs R pINA O 7 the
obtai ned by sidpil tianeouslie Measurd g, FEhEE enea JBLE Mans SR NaMAS 64,

| ocated within the field of each secondary alignnent system

respectivel y,whisdhgvitllie eoUfewsBE QR Yol i ddil&csystens AL21 to
AL24. In parallel wth this Sec-BCHK (interval), main controller 20

gi ves a cbmuand t o Pxediiicredsyaflem 0f; ahatnhaadearmopitetinghbis) tede set
that wafer Won wafer stage WST suspended at unload position UP is

unl oaded, and@saltde dnilkdslwabdiuespigeh@BTeasuremeniX-hleetéDritso sdramnd
the 20 stage is noved to | oading position LP, while keeping a .
vertical novelR@ft Gfica T 2 BECRABWRITMING GAEST tdiesatsingg the) first

I ted b t i ned ,_Whi ch dri d the |

int oadi ng. - NS SEearbinh RO PTEES 2 Chat b BORET of fbr S500 rod gG 23ich
t &2t h BOHEF o oves:

reterr ot Lo SRS Rl U S T b LB BN S the

optimal y@iting poginidieRnfen 190Vi;ALnMERS W RMerd RIS VAL SEAMd R cond
state distanced fromwafer stage WST into the contact state (or

proxi mty stafee)d @®RYi DsIShyedesSesd hegh nd 2ol e Waf ey HBAae Whalhde of
parallel with this, main controller 20 gives a conmand to a drive
system of a |mechtarom (amatlesown)wisiccH hiat cotreeiw ashfferonVils: Ineaded-cdtent
wafer table WIB. In this case, because vertical novenment pin CT is

mai nt ai ni ng ties it efoandther dgasl ehateds e td veredbosi di e d vdsddrtmted
waf er | oading can be performed in a short period of time when _
conpar ed wi t FtHte V@ézdébiReAZver it ddiisepsfenanpithecTheaddrhsfents active

donnuar a0 | D0uSeq s e e veLaL hol g,y dentl 1, LG, 27
switching, but includes all the heads that provide the
measurement results necessary to cobtain rotation angle 96z.
In this case, because the first head 64¢3 is a head of head
unit 62C, rotation angle 6z can be obtained using the first

20 head 64¢3, and for example, one of the heads of head unit 62a
that faces Y scale 39Y; during the switching. Or, a value of
rotation angle 6z, which can be obtained from the measufement
results of X interferometer 126, Y interferometer 16, or 2
interferometer 43A and 43B or the like of interferometer system

25 118 and the like can be substituted into variable 8z.

Incidentally, the switching and linkage process between
Y heads was explained as an example here, however, the
switching and linkage process between X heads, and further,

also the switching and linkage process between two heads



10 In the enbodi ment, the optimal scrumwaiting position of

measur enent stage MST referred to above is appropriately set
according to the Y-coordinate of alignnent marks arranged on the

al i gnnent shot area on the wafer. Further, in the enbodi nent, the
optimal scrumwaiting position is decidedld4do 15 that wafer stage WST
can nove into the contact state (or proximty state) at the position

ther VAT 505 VBT, SLoBR or 481 B A LOUENL o o b 8  neac
920,79, 0051 L 2 pegqpogt e, (PLs,A0 LUtk Ly 2, R0R U0

primary ali gii@Hesystemis perforned) where fiducial mark FM on
measurenent plate 30 is positioned in the field (detection area) of

primry alignment gysireitilde whehi tHetpi SndDYESRIY £heRl inkegePtdess208 s
switches 25 the control of position of wafer table WIB within the XY
pl ane, frbm tdeneomritizdd piraei ness yraesct iveddisba$ exhorhaeasudenenly used
val ues of encoder 70B for the X-axis direction, Y interferoneter 16
and Z interf dropeesistezinsanthagetiorasvd e afi sheipest t b areh suren@nt
rotation, to a control based on 126 the neasurenent val ues of at

| east three SHcFHSE SHRTH W'l bt Jigdsd s tgmuans by edprsandcatter
d 70B .and 70 h ded b ircle.in FLG faci,

S coares Soni i Bt ool OR8N sk 3o T A5

Y d i I i G .

facing ¥ seal St Ul 97 £ A I50ranSHE (POGRS ¥ heCbbbfial Rofisy, BF tnis

i nduced eproleaGRY I a6t Q@ dnker ?EEEQEt(EHérﬁ&ié@ﬁe&@rﬁm‘?r@ﬂ@é‘ d%jtaﬁfjd}@@r
by formula (10) or formula (11) previously described) of each encoder

correspondi Nt bReprbehtay FIMMITa 0108} |40 (2aBYRing {Re aRd HAWRG ¢
anount and the Z position of wafer stage WST neasured by
i nt erferonet eralsyest erfi £h@, atheéveoheedsi dncilonfidngathenhedd téiel ¢t atiillg be
pitch of each scale and correction information of the warp of the
grid line. THasparged dafienlduwy] 0 gar fidvarsswitecigrgreri o deesssayd ab
Pri-BCHK in which fiducial mark FMis detected using pri rrar% ' ,
al i gnment sy<tSSRASd. AHOVRVErpof ol thE 19tAL iR asdlenghEhethgdimsrion
wai ting % t he. opt.i mal , scr i.t,ing,position described. above. Next,
Whi 1 ¢ oRt rold: R PRe®BOSr L1 bh HGF ot Br S e SRe YR PR the Linkage, ' value
which is obtained from the measurement results of
interferometer system 118 can be used.
As is described above, even if it is premised that at
least three heads are constantly used to measure the position
20 of wafer stage WST in directions of three degrees of freedom
(X, ¥, 8z) as in the preceding first method, if focusing on
only the two heads which are direct objects of the switching
and linkage process without referring to the concrete
procedure of predicting the measurement value of another head
25 newly used, the cbservation on the second method where one
head out of the three heads used is switched to another head
can be realized.

Incidentally, the description so far was made on the

premise that the position of wafer stage WST in directions



20 based on the neasurenent values of at |east the three encoders and
each correction information descri bed above, main controller 20
begi ns the novenent of wafer stage WST in the +Y-direction toward a
position where the alignment marks arranged in three first alignnent
shot areas are detected. 25 Then, when wafiér stage WST reaches the
position shown in FIG 29, nain controller 20 stops wafer stage WST.

to 72 at NSO WAEH 2 5eRE ot o938t B2t Begs HESIBERONESByEFLng ac
waf er table \&T%Sotr tﬁFce‘éhl'?eQ&)é nt I‘%QJ e.t’,' g@gnnﬁ'?%w € éL%Zf ﬁlegsur ng the
posi tion and The 1 fcl i nation (ey ti’on and ex Torz |on) 0 87

table WIB. 551t iR & %B%rWlWlkécéigﬂﬁ ?ﬂsdbarégg of freedom

description above, main controller 20 detects t I gnient mar ks

arranged 5 i ndhe chiviee bifr she adé gheeato 5Tl ccpas ssabst aphi @) lysBlg at
the sane tinme and also individually ( refer to the star-shaped marks

in FIG 29), lesisignpreads,y ial i gobeibusyshamihk, ohsdrsacbonarfythe second
al i gnnent systenms AL22 and AL22, and nmakes a |ink between the

det ection resftthodihene arg beadldunaém hegdsarasdils swiltzhed bo@npther
AL22 and the neasurenent val ues (neasurenent val ues after the
correction adEHUIGRT (RS et it rec?csi orft i IR rdRIG ot N #PYEsst the

t hree encoders aboye %ts the, tine thelgﬁt t'o% and tores t mln
the internal rrem)ré‘ i%h FEREL Clﬂnptwl' ovids g0 fiEiGh

the shift 15 r}ﬁgr at L ity St :
nmeasur enent s#)age 8%%%1?& %% éée%%ﬁ s%c%%%l @%@%O tt;%ﬁ}gg referred
posi ti onypherg, gt %Ctﬂrﬁrkcpfmé%c?| LSRNt NS e e Jf o heads is
al i gnment shot areas is perforne and fromthis position, main

control l er 2@uiegins tw Mvsbhotis stages: Wk Bk N&b imsddie 2 be
+Y-direction (step novenent toward the position for detecting

al i gnnment nmardessdratangedy iredlivaed.econd al i gnnent shot areas) in the
contact state (or proximty state). Prior to starting the novenent of
bot h stages WST andnMVsShe exahe ley-afhioveot ison,tcdsinghemd iliinkaGe 2 ocess
mai n controller 20 begins irradiation 25 of a detection beamfrom

i rradi ati on SFSHSROBITHINeFES Mfics iFP6 AfcnES SHABHIDOYhidEehY hesfker §4cs

\évgfste;mt ?ggf Oﬁﬁ%dfi@gﬁc%gbnfg%%%| Be\cjﬁe%ggéépogn {ES‘ YOfscyl"e 3r‘g.1,i|,2t| pBIIJP}.né\I‘:thlS
operation, according to the placement of the scale and the
head employed in exposure apparatus 100 of the embodiment,
one Y head (expressed as 64,) of the Y heads of head unit 62A
faces Y scale 39Y; andmeasures relative displacement of Y scale

20 39Y; in the Y-axis direction. Therefore, a switching and

linkage process will be considered from a first combination
of Y heads 64¢3 and 64, to a second combination of Y heads 64¢s
and 64;.

According to theoretical formula (14b), a measurement

25 value Cyp of Y head 64, follows formula (17c) below.
Cva = = (pa-X) sinBz + (ga-Y) cosbz ...... {(17¢c)

In this case, (pa, 9a) 1s the X and Y setting position



Then, when both stages WST and MST reach the position 128 shown in
FIG 30 during the novenent of both stages WST and MST in the

+Y-di rection described above, main controller 20 perforns the forner
process of the focus calibration, and obtains the relation between

t he measurenment val ues (surface 5 positi @héi nformati on on one side
and the other side of wafer table WIB in the X-axis direction) of Z

sensors 72a, /2b 2c, and 72d, in at ere.a straight |line
Coonter [ oo (@tof ol hade 1B X 8b8 MOSE Rr Sath T bt aimamzgment
waf er table ti al coi ngi dj j e G er of fer

10 coi nci des\g/-\neelt agt%rséa?ﬂﬁ{teaal% %6é4“l'_l\/n%er> gb/%g%/%a%%%rsﬁb?@ Srand the © et
detection resuldes fﬁ&ﬁﬂf&?ﬂ tciao%fi R Qlomt i@ﬂ)iQfe&ugft ESt?OE‘ePE’l%

(the detection point Tocated in or around the center,” anbng a
plurality of mieiiattdron POALS),08ft Nehsts ace OhniEaaY) efpNt phateq30

of the multipoint AF system (90a, 90b) . 15 At this point, liquid
i nrer si onSarea 14 Wheroddteedratn dalie Admrudliasy (@f7at)heradrderc)of wERdbar
46 and wafer table WIB. More specifically, liquid i mersion area 14

is in a stat@gagurensggr giugs Grasted Querftd hedds ¢4bl engBif agimthe

CD bar 46. Then, when both ,stagﬁes WST and MST nove further in the 20
+Y-di r ect i on fWfidte SRR HiHY THe Qont3h SRRt {Wredrigitithporetical

tate), d h .th ition sh in FI 31, t |

rranged in R0 20Bnc BT PEARERT SHBT bt e fdt SOTGAR OLer that
bstantial | y td | Nk gAi I : ; th

substant ol | % STAlS, SR, LJT B8 Wellin d D by 1 oty che

AL1, andjAL21 to AL24 and a link is nade between the detection

results of the five alignnent systens ALI, and AL21 to AL24 and the
measur ement val ues ¢ reasureymnt —val ueg after theigprrecti on according

to each correction information) of the three encoders 70A, 70C, and
129 70D at the time of the detection, and stored in the internal
menory. At this point in tinme, since the X head that faces X scale
39X1 and is | ocat edosieverraicghstentecLY(Pn -t he) Y- ddxsad r eddconrdingly,
whi ch passes through the optical axis of projection
by substituting the measurement values of Y heads 64¢3; and 64,
15 into Cyz and Cyp on the right-hand side of formula (19) above
and obtaining Cyq on the left-hand side, the measurement value
of ¥ head 64¢; newly used can be predicted.
Predicted wvalue Cygy that has been obtained is to be set
as the measurement value of.Y head 64c4 at a proper timing.
20 After the setting, Y head 64c¢; is suspended when it moves off
scale 39Y,, which completes the switching and linkage process.
Incidentally, according to the placement of the scale
and the head employed in exposure apparatus 100 of the
embodiment, at least one X head 66 faces X scale 39X; or 39X%,
25 and measures the relative displacement in the X-axis direction.
Then, according to the measurement results of the three heads,
which are one X head 66 and two Y heads 64¢; and 64,, the position

of wafer stage WST in directions of three degrees of freedom

(X, Y, 6z) 1s computed. However, in the example of the



5 optical system PL does not exist, main controller 20 controls the
position within the XY plane of wafer table WIB based on the

nmeasur enment val ues of X head 66 facing X scale 39X2 (X |linear encoder
70D) and Y linear encoders 70A and 70C. As is described above, in the
enbodi nent, the positional 10 informati odl?two-di mensi onal positional
information) of a total of eight alignnent marks can be detected at

th int when the detecti.on.of the alignment marks in the se d
ali gnent shat”ArgiId ShEopl AARIPEIRET BPEPE T LR FRRVE1 AGEADY ORELR-Y

the positi On?loln% gbwéfgoﬁr%isge%%gttrc&l,l %! %%ec nsé?v E{cf)r?rorg fhe third

statisti cal I'on suc s"the oné’'di scl’osed i n, Tor exanple,
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to obtain the sealitktedshota Freina¢alonosy Doved Wy halds¢an rrAdist,.,
the optical 20 properties of projection optical system PL, such as

for exanpbe, arte §1.0] et consdagenftilgaticadizley.controlling an

adj ust mrent device 68 (refer to FIG 6) based on the shot

magni fi cati on whi cRdfesrdieen Yoommetead thadjnrsmisst tdad cheoBsadjafstthree
the optical properties of projection optical systemPL, for 25

exanpl e, by d¥§3AdshdSalpaitPensab ladaprastsastidaosidrifaryafesater stage
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det ecti on of THE™ T50NaR THAERCPRE Ao 5T ARGEE" T THICY Fyo Saagig ohing
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novenent in the +Y-direction of both stages WST MST i n
contact stat edgirdlie®d Bftyhs patekmeditdo Att HhecSaBRarid e Béad lnf1REred

5 focus mapping using Z sensors 72a to 72d and the nultipoint AF
system (90a, i90kxrsisude appausitys 490i sfshhenenbofitenBl. And, based on
the concrete placement of the scale and the head employed in
exposure apparatus 100 of the embodiment and the concrete
15 procedure of the linkage process, the observation of the third
method could be realized under a particular condition.
Incidentally, in addition to the first method, in the
switching and linkage process of the encoder head by the second
and third methods described above, the measurement value of
20 another head to be newly used was predicted so that the position
coordinate of wafer stage WST which is monitored is
continuously linked before and after the switching, and this
predicted value was set as an initial value for the measurement
value of another head. Instead of the processing above, the
25 measurement error of another head including the measurement
error generated by the switching and linkage process can be
computed and the correction data can be made. And, while the

another head is being used, the correction data that has been

made can be used for servo drive control of wafer stage WST.



Then, when both stages WST and MST reach the position wi th which
measurenent plate 30 is |ocated directly bel ow projection opti cal
system PL shown in FIG 32, main controller 10 20 perforns the
Pri-BCHK | atter process and the focus calibration |atter process. In
this case, the Pri-BCHK |atter process rél&rs to a processing in

whi ch a projected image (aerial inage) of a pair of measurenent marks

on reticle Rprojected b rojection optical systemPL i s neasured,
USing 15 aeriHl S e Tt BASRE dWL e 49 Thesh oS |97 s 9 Tad G ke h
has aerial i ur.e it te SL forned on asur nt

pl ate 30, an égﬁgégﬁ}gﬁghf%kééﬁﬁsée(ggFi%?agﬁﬁ g ?%f% %F%%5¥H%r head

e oGP bE o BPELLLER, O WLEE LR s W Bn AL yRleoEebbe i for

internal nenory. In this processing, e projecte

pair of nmeaswarRNtorBEKS ¢$n MRASHELECtBd AN FASH I ritdRIe | HBase iRt re
operation by the slit scan nethod, using a pair of aerial inmage

nmeasur eneht slpdreapaitdrer e rSlg d&tindd aroritrdlhe fretHwdratiistleosathden,is
U.S. Patent Application Publication No. 2002/0041377 and the like. 25
Furt her, the Fesdigsmed, i frdtlicooniriatther prvseess et evasfan st queodEssi ng
in which main controller 20 neasures the aerial inmage of a '
nmeasur ement MR FoLfedPaRed afafRe plogtrectisn daban)insitaast pEIc@Regting

ticl t RST i i i i 5, whil
Cont 1ol L1 ng (0 FaTV ST Ty MATay [t oo S i e e S50
(wafer table c )ror elo%t g:qlet % Lﬂecl%otgtca?e 68%! > 1 i rc:eoCtJ_jeOcnc Cg. erOiTz%&tgi on
on q1 n o fer

optical system PL, "base e surface position information

table Vg (valcloreliage WiThoDBAM & Dok RSOk he/RBasd2liner( 2 aThe of

and 72d, and then neasures t st focus position of projection

optical systeMePhebBaspdropet fige NBaStEIIRNInA LD E8L A5 SHAMY ik IFhE1ue
32. The neasurenent operation of the projected i mage of the

measur ement R lkenogheirs tleeske dviithoftorargx amareye s .he Tpatpbhetlaf;, when

I nternational Publication No. WO 10 2005/124834 and the |ike. Wile
novi ng neasumekemg phet eo3eich ithedZiaxi soti ety itre snadordenmyrsdidmebut
20 takes in the neasurenment values of Z sensors 741,4,742,4, 761, 3,
and 762, 3 i n3FERc IEOSTz MBS LAt SistETsn thid ddrep @xpsisgiral appamatus
aerial ipage . nea ur%%% device 45. Then, main _controller 20 stores 15

the val ues oft'z QUIRENE 785 14 SUFE 38 ThRY 763 oF LEHAEL S SvSG 1S -

the best foc sjtio f_ prajection optical systemPL in a nenory
(not shomm).%ﬁﬁﬁﬁ'e%Fh%é%rqﬁﬁgéiﬁgtnyaéﬁithe position (Z position)

related to the opt N%%lgoa(éiﬂg?g%\ﬁfgﬁ_i BP0 s PIRE EGH 4 LI OB 1GR + SYRILHRe -

of neasurenent plate
stage WST and measurement stage MST in exposure apparatus 100

of the embodiment will be described based on FIGS. 22 to 35.
20 Incidentally, during the operation below, main controller 20
performs the open/close control of each valve of liguid supply
device 5 and liquid recovery device 6 of local ligquid immersion
device 8 in the manner previously described, and water is
constantly filled in the spéce right under tip lens 191 of
25 projection optical system PL. However, in the description
below, for the sake of simplicity, the explanation related
to the control of liguid supply device 5 and liguid recovery
device 6 will be omitted. Further, many drawings are used in

the operation description hereinafter, however, reference



20 stage WBT) is controlled using the surface position information
measured in the focus calibration latter process by Z sensors 72a,
72b, 72c, and 72d is because the focus calibration |latter process is
performed during the focus nmapping previously described. 25In this
case, because liquid inmrersion area 14 i&l%ornmed between projection
optical system PL and neasurenent plate 30 (wafer table WB), the

neasurement of the aerial imm descri bed above is rforned vja .
broj ection ofiddsn ey TR BICRE HAVER 13 PR RTHRFeREEE d¥eeach raving.

measur enent t | i nstalled.i t

VET (uafor t oSS GREF LASEINe IS AN no arehbhe Ll TR Tiegent
are installeddn JRas WMy SIRARMET, e RApEAMBNEOftid& AR | al

i mage described above is perforned whi'l e maintaining the contact 5

state (or pra@dniigurstta), ekgwabieesst agec ST nand BasULENEId rHfRGRnce
MST, as shown in FIG 32. By the neasurenent described above,

nmeasur eneht wvaldess ( Tbeesspecickncakl gaisufbaceaphsdreenngnieenatnonhe
of wafer table WIB) of Z sensors 741,4, 742,4, 761,2, and

762, 2cor r espSiRfidig Rtd- athébdsar f ocus position 10 of projection

optical systemPL are obtained, in a state where the straight |ine
(the center |ine) EdG-ne? $havss §reéetihirasePaYremotiyn Stgﬁl’f‘@‘@éﬁ’t‘étcan

Gescri bed. - THERIGEhAT GO FP b L Sindl puBbiHE giasey as an
[ i ; I fot Pr.i_- K

Dot ot oo SRR VAR Afeo P3Re R SR B0l ARl B3 (one

descri beflpabawg Mrith it 95 Based QArkhs)febat{opebelvesd wHE 1n this

measur enent val ues (surface position informati on of wafer table WB)

of Z sensors st2ae,/dbasUd26meABt ik HBTatd1edadl 4D ol MEth@Eadal position
calibration fornmer process described above and the detection results

(surface posiwhenre infavobds dnjmpoifing hetdevaetér ot gom MiSTonhdheveny facehe -
of neasurenent plate 30 of the multipoint AF system (90a, 90b), and
t he neasur en@FLogHIMges: ,( rBREUSPEENTL] shr ¢y MIEdfavevpogi tfohlowing wafer
information of wafer 25 table WIB) of Z sensors 741,4, 742,4, 761, 2,

and 762, 2 corrESsofiat i itle kRePpBEt PEedstEEELPrE bt e} ectitGyefore,
opti cal ﬁgstenlpL which are_ ob aineg hn t he focus calibgation | atter
process U8scriisdd "EHEVE St SEEET OPFelC3BS o hP N THE Btk Hrate (or a

proximity state) with wafer stage WST after the exposure has
been completed, the same distance as the predetermined
distance referred to above will be enough to cover the movement
distance of measurement stage MST.

20 During this exposure, main controller 20 controls the
position (including the 6z rotation) of wafer table WTB (wafer
stage WST) within the XY plane, based on the measurement values
of at least three encoders out of two X heads 66 (X encoders
70B and 70D) shown surrounded by a circle in FIG. 22 facing

25 X scales 39X; and 3%9X,;, respectively, and two Y heads 64 (Y
encoders 70A and 70C) shown surrounded by a circle in FIG,
22 facing Y scales 39Y; and 39Y;, respectively, the pitching
amount or rolling amount, and yawing amount of wafer stage

WST measured by interferometer system 118, the stage position



at a representative detection point (in this case, the 133 detection
point located in or around the center, anong a plurality of detection
points) of the multipoint AF system (90a, 90b) with respect to the
best focus position of projection optical system PL and adjusts the
detection origin 5 of the multipoint AF &¥8tem for exanple, by an
optical nethod so that the offset becones zero. In this case,

f h i i foi i h . I i f o,
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t he next processing wthout per proces er o

course, in the £A8K SR cBFESHA AL E'bo@}?éﬁéio%irt%orﬂeﬁﬁgré%%ggtﬁ%n

Pri-BCHK former process described earlier also does not have t

performed, anGhfdimidirCageshd®jrntGont pokbaro2@ M ¥chas dmd Horf&ion
waf er stage WST from | oadi ng position LP described earlier to a

posi ti on dhere fidrmag]iiognrentt eamesrarafanged gmid Heldd - sFualkthgmpentin
shot areas are detected. Incidentally, in the case Pri-BCHK process

is not perfordfdraldehaferonerahs dhg posdadonedt iafe sitgllgr WIB in the
operation just before the exposure of 20 a wafer exposed earlier than
waf er W subj &CPHE RFEHET s thse Py maatdrn el 1iig fo@pd the Ox

calibration |atter, process.i.s not _perforned, sinlar to.the baseline,
“the best GRS 6 { PORCBEAGN o] BEE PO bR it iR A SR IS Pair
R L A R R ST
previousiy desws ihedans Bekngteedt bAHedin the embodiment, Y scales 39Y,
and 39Yz) of the wafer table WIB surface in the X-axis direction.
Incidentally, the position of wafer table WTB in the Z-axis
direction and the Oy rotation (rolling) can be controlled based
on the measurement value of Z sensors 74,5, 742,54, 761,q, and
15 762,q, and the O6x rotation (pitching) can be controlled based
on the measurement values of Y interferometer 16. In any case,
the control (focus leveling control of wafer W) of the position
of wafer table WTB in the Z-axis direction, the 6y rotation,
and the 6x rotation during this exposure is performed, based
20 on results of a focus mapping performed in advance by the
multipoint AF system previously described.
Main controller 20 performs the exposure operation
described above, based on results of wafer alignment (e. g.
Enhanced Global Alignment (EGA)) that has been performed
25 beforehand and on the latest baseline and the like of alignment
systems AL1l, and AL2; to ALZ2,, by repeating a movement operation
between shots in which wafer stage WST is moved to a scanning

starting position (an acceleration starting position) for

exposure of each shot area on wafer W, and a scanning exposure



When waf er stage WST reaches the position shown in FIG 33 after a
predeterm ned tine by novenent in the +Y-direction of both stages WST
and MST in the contact state (or proximty 134 state) described
above, main controller 20 stops wafer stage WST at that position,
whi | e al so nmaki ng neasurenent stage MST &®hti nue the novenent in the
+Y-direction. Then, main controller 20 al nost sinultaneously and

individually detects 5 ,the alignment marks arranged, in the five third
al i gnment shé’tpeé:ra&ilsop(?‘ﬁf“g}l %ga%t%‘saamﬁﬁﬂ&g?hlﬂ@ 38)tnaqsfgrred

five alignment. systens 4 ' aandeaALbeiLaaosac,rblé(ITZIﬁi_rﬁgllie[%)soﬁ'[_gr% gtﬁetﬁf%_on

results of five alignhment Systens

nmeasur enment t qu.g} ctgggq{ - :

after correcﬁodr?%%yrpgeaal?hy'of t eet ocfsﬁle%li n |aﬁcfl((§JrF?raaC%£{)n; gedscjz%c\égédliess
previously owerdfordal figira encadenmatte i dd M et detiactdn fte
stores themin the internal nmenory. At this point in tinme, the focus
mappi ng i § bé&eatgyezontiimuddendVERwWhbre wafde.a puedater, meaedsperi od

of time fromthe 15 suspension of wafer stage WST descri bed above,
measur enent $eafe ST dmd thef erdetrajeonsTheovest faoer t hecatord awt the -Y
state (or proximty state) into a separation state. After noving into

t he separati ¢St &% thfishomted [gcatedtgpshae novidmntinnfFIG. 22.
exposur e ot art oy Wos AT Wiere ThEh St MERICS 256 RRPMSES, for
move waf ot sIGIBIBY T the AT Ret n oMb gost 116n e,
et St ed 095 ¢ ¢ nraiaertbPe (HERo LN, BELAUIEDL 28Y 18 %08, main
continued. MeamMidi8.e TS WY1 SRR ML ilve WidHdid 134 th®ed on the

exposure start waiting position described above.
measurement value of Y interferometer 18 while maintaining
the measurement value of X interferometer 130 to a constant
value, and moves measurement stage MST (measurement table MTB)
15 to the position shown in FIG. 23. When the measurement stage
is moved, the edge surface of CD bar 46 (measurement table
MTB) on the - ¥ side touches the edge surface of wafer table
WTB on the +Y side. Incidentally, measurement table MTB and
wafer table WIB can be separated, for example, at around 300um
20 in the Y-axis direction while monitoring, for example, the
measurement values of the interferometer or the encoder that
measures the position of each table in the Y-axis direction
so as to maintain a non-contact state (proximity state).
After wafer stage WST and measurement stage MST are set to
25 the positional relation shown in FIG. 23 during the exposure
of wafer W, both stages are moved while maintaining this
positional relation.
Subsequently, as shown in FIG. 24, main controller 20

begins the operation of driving measurement stage MST in the



Then, when wafer stage WST reaches the position shown in FIG 34,
main controller 20 inmredi ately stops wafer stage 135 WST, and al nost
simul taneously and individually detects the alignnment marks arranged
in the three fourth alignnent shot areas on wafer W(refer to
star-shaped marks in FIG 34) using priméy alignnment system AL1 and
secondary alignnment systens 5 AL22 and AL23, |inks the detection

results of three ,alignment systens AL1, AL22 and AL23 an he
neasur enent ﬁé&ﬁgér L4y e €$E$H¥é CENOEdETS BEET U EhE téQﬁYﬂggwafer
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bei ng continued, and nmeasurenent stage MST Is sti walting at t
exposure stamTpvairt ith@g FesixtiisoRi r&ER€AonYSI MEeh Nendlaimetd b LB i, 0fin
a total of 16 alignnment marks and the neasurenent val ues (neasurenent
val ues af ber tthwe axdradtiotdrdn e ssactencartr ettagen ME (i oravaid amlyofird e
correspondi ng encoders obtained in the manner described above, main
control | er 20 Ycwhpiacdsiarr apdivdigrategs YE¥bdsdheee@ ivatlves)Y-ofi redtion
t he shot areas on wafer Won a coordinate system (for exanple, an XY
coordi nat e sy&t%ehithose Bt pl aced at the center of wafer table

WIB) that 20 is set by the measyrenent es .of _.the four. encaqders,
using the EGA neth%ﬁm%ﬁg@ﬂﬁbéﬁq ,&ﬂiﬁr Afpiet L TGO US e (i 1NGS Water

o po0, 17, ML bk enk R PO R b

mappi ng whil e i on agai n.

25 when ihe defRadl @RebGarLlr o tde JRILiRAINY i SYBHEALEQOR SN in
begins to mss the wafer Wsurface, as 1s shown in FIG 35, nain
control | er 2@Tends 4t hehf ok usadrappiaiedAihefhd tilace between tip lens 191
of projection unit PU and wafer W sequentially moves over wafer
W - plate 28 - CD bar 46 - measurement table MTB, along with
the movement of wafer stage WST and measurement stage MST to
15 the - Y side. Incidentally, during the movement above, wafer
table WIB and measurement table MTB maintain the contact state
(or proximity state) previously described. Incidentally, FIG.
24 shows a state just before the water of liquid immersion
area 14 is moved over to CD bar 46 from plate 28. Further,
20 in the state shown in FIG. 24, main controller 20 controls
the position {(including the 6z rotation) of wafer table WTB
(wafer stage WST) within the XY plane, based on the measurement
values (and the stage position induced error correction
information, the correction information of the grating pitch
25 of the scale and the correction information of the grid line
of encoders 70A, 70B or 70D stored in memory 34, corresponding
to the pitching amount, rolling amount, yawing amount, and

the Z position of wafer stage WST measured by interferometer

system 118) of the three encoders 70A, 70B, and 70D.



based on the results of the wafer alignnment (EGA) described earlier
performed in advance, the | atest baselines of the five 136 alignnent
systens ALl and AL21 to AL24, and the like, main controller 20
perfornms exposure by the step-and-scan nmethod in a liquid inmersion
exposure and sequentially transfers a retigle pattern to a plurality
of shot areas on wafer W 5 Afterwards, simlar operations are

repeatedly perfor SO as_to_expo the remai ning wafers within the
ot ho i ARSCH YHERE SR AT SHOGURAS HCUURA AoP8 HarpBLare L ven
appar atus 10Q..r t.he i e for . I ilethe.l
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the surface (the novenent plane) parallel to the XY plane by three

heads (encodgys®)it Wi @leagturegrsic bAChader aneaRAGSOf(waleX BEBUe (WEB) by
encoder) and a Y head (Y encoder) of the encoder system Then, based

on the neasurerertodeasullrs (Emdyf 1TE pasilt iranalorigdmrbmtpas iaric t heain
positional information ((X, Y) coordinate value) in the novenent

pl ane of the dantgdildtdor Opsatches(the ernireemihthigednsosit jon mnpd the
from the three heads used for measuring the positional information

mai n cont r ol 15 ToGadioPe AR BT stz WEF (ieikied ERBLRYWHBhnikisbipaipre
this case, in controller 20 dr.jves fer stage WST within the XY

ol ane, whi | 6 SofsUtAR theE PBGTH FRACY Fbrthe MR DI ST A \RaT ¥
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Accordingly, 1Tt becones possible to contro € novenent of Wa

e
stage WSToW thy19R0ed g3 §CL 5iaR FaBowRkLe $W¥i L 5h ﬂ%ﬂ{@rf@@&néwﬁﬁ and

used for control during the novement of wafer stage WST, using
encoder systamBg.nciridnngakicad HNbked62Arh@nédDtwhisChatespegibb¥akr¥ment

have a plurality of Y heads 64 or a plurality of X heads 66. Further,
accordi ng to soepes M appartatus G irtdlat edhdre baseline measurement
(hereinafter appropriately referred to as Sec-BCHK
(interval)) of the secondary alignment system is performed
15 at a predetermined interval (in this case, at each wafer
exchange) as shown in FIG. 25. Then, main controller 20 stops
measurement stage MST at the position, and drives wafer stage
WST furthermore toward unloading position UP and then stops
wafer stage WST at unloading position UP, while measuring the
20 X position of wafer stage WST using X head 66 (X linear encoder
70B) shown in FIG. 25 surrounded by a circle that faces X scale
39X, and also measuring the position in the Y-axis direction
and the 6z rotation and the like using Y interferometer 16
and Z interferometers 43A and 43B. Incidentally, in the state
25 shown in FIG. 25, the water is retained in the space between
measurement table MTB and tip lens 191,
Subsequently, as shown in FIGS. 25 and 26, mailn

controller 20 adjusts the 6z rotation of CD bar 46, based on

the measurement values of Y-axis linear encoders 70E and 70F



137 the enbodinent, prior to starting the |ot processing in which
waf er stage WST is driven, such as, for exanple, during the start-up
of the apparatus, as one of a series of calibration of the encoder
systemthat neasures the positional information 5 of wafer stage WST
in the XY plane, the calibration processldt the head position
previously described is perfornmed for each head. Mre specifically,

f h head_of.th [ | 1 20 [
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of the nmeasurement beamenitted fromthe head in a direction
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of the plurality of Y heads (64, 64yl, 64y2) of the encoder system

mai n contr ol |[detexy coaparescemenk Ydsicdtedadn iomf or rheiwincigfittthef center
irradiation point of the 20 measurenent beam and for each of the .
plurality of DéNfekdsobeneptirrchent rivilrke MR cofpaiesinhkhys posite omain

infornmation of the irradj.atio oi nt . of _the surenent beam Then,
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stage WST as Is descri bed above, main es t

posi tional infianmatfi @hel AohiResdbbLE8hE9Na DI dMASRNA vt nTPBasyr BN L s
direction of the 138 irradiation point of the neasurenent beam of
each head andkithe raesibgn sposilttiaarah silyf aemurongi RefBeeneasws eRedton CD
direction of the irradiation point of the measurenent beam of each
head stored bamdéfodycdtedawdtiinvébewhietdsthgmaiSBecaniddrin aligndent
pl ane while conputing the positional information of wafer stage WST
within the XEYSt&Te JASREIHe SN e indridioriaty sesdidaivmlignment
Furt her, in controller 20 swi.tches an encoder (ahetahdfs used for

measur i ng>t hEYF3S 1 EAf Bdat i o SRR St Sec~BCHK

(interval), main controller 20 gives a command to a drive
system of an unload arm (not shown} so that wafer W on wafer
stage WST suspended at unload position UP is unlocaded, and
also drives wafer stage WST in the +X-direction so that the
20 stage is moved to loading position LP, while keeping a vertical
movement pin CT {(not shown in FIG. 25, refer to FIG. 26)
elevated by a predetermined amount, which was driven upward
on the unloading.
Next, as shown in FIG. 27, main controller 20 moves
25 measurement stage MST to an optimal waiting position
(hereinafter referred to as "optimal scrum waiting position"),
which is the optimal waiting position for moving measurement
stage MST from the state distanced from wafer stage WST into

the contact state (or proximity state) previously described



10 WBT in the XY plane fromone of the encoders of the three encoders
to anot her encoder, so that the position of wafer stage WST within
the XY plane is nmaintained before and after the sw tching. Because of
this, although the encoder which is used for the control of the
position of wafer stage WST 15 has been §@btched, the position of

waf er stage WST within the XY plane is naintained before and after

th i tchi whi k t I ) o] Accor di ngl.y
[t “becones pdbsibHEtEG RESECETGr  SraBRr e PAB) FenSy ALK fontr% Ter
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WST in a predetermned direction, suc for exanple, the

direction at ddw tba@a@fsew@&rlo@ll ﬁ@ﬂ&ﬂénelpl@@piwx@nvﬁﬁhﬁétﬁbmte
WST is driven in the Y-axis direction, based on the measurenent

i nformati bn aff tﬂmr@cadchsxamcstke,maarpd:ddrm:epm&nte!d)madountf,ormamrloading
(including inclination information, e. g., rotation information in

the e x di rec@roRE péréafeedsimge sWSTti penidd raftiiowe ﬁheﬂecrmalred)mith
the Y-axis direction, 139 the characteristic information (e. g.

degree of fl &thr?e§§38f""1ﬁﬁ]é ‘@?‘rat'tquml SoveReat Bha/©F is gratfﬁﬁgd@wwqi @ﬁld

f the scal | |
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Y-axis djgection ari@t tth% éf?nﬁbélmleﬂtt h‘c’h@”&?éirﬂ?ftsc W ﬁ}tr{golao%&t?l%n

drives wafer stage WST in the Y-axi's direction, base

neasurenent i RS sefreairReRdetsgéOnstOrandr 76§ thHalpirasiy eirsddienally
information of wafer stage WST in a predeterm ned direction, such as

t he Y-axis disegctconrdihg st ape besobrdmnaﬂduﬁ@dléghméncomﬁfbéhiﬁranged
information (the correction information which is conputed by fornul a
(10) on the alignment shot area on the wafer. Further, in the
embodiment, the optimal scrum waiting position is decided so
15 that wafer stage WST can move into the contact state {or
proximity state) at the position where wafer stage WST stops
for wafer alignment.
Next, as shown in FIG. 28, main controller 20 moves wafer
stage WST from loading position LP, to a position (more
20 specifically, a position where the former process of base line
measurement (Pri-BCHK) of the primary alignment system is
performed) where fiducial mark FM on measurement plate 30 is
positioned in the field (detection area) of primary alignment
systemALl. During this movement, main controller 20 switches
25 the control of position of wafer table WIB within the XY plane,
from the control previously described based on measurement
values of encoder 70B for the X-axis direction, Y

interferometer 16 and Z interferometers 43A and 43B for the

Y-axis direction and the 8z rotation, to a control based on



previ ously described) that corresponds to the positional 15
information of wafer stage WST in a direction different (a direction
besi des the neasurenent direction) fromthe Y-axis direction at the
time of neasurenent, for exanple, the positional information of wafer
stage WST in the Ox direction, the Oz di i26éti on and the Z-axis
direction neasured by Y 20 interferoneter 16 and Z interferonmeter 43A
and 43B of interferoneter syg%in1118 the correction informatiqn, (the
h

correction i HEEPEE SHENE RES ?ﬁﬁﬂzéﬁﬁ@ﬁdEP&?Poﬁn?ﬁﬁeH?eﬁgﬁﬁgé§re
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is controlle he nmeasurenent val ues of enco

70C whose neasiyidityar ,oraampftwwqo%%raaﬂ%aggngnao&P'Pe(!t QridiRlers 70A
rel ative di splacenent of scales 39Y1 and 39Y2 and Y head 64 in the

di recti on5besirde30C 14hduresurasundegnty didiectliconn RIe P8 EtadighgoY tselhles
of Y scales 39Y1 and 39Y2, and the warp of grid |line 38 have been
corrected by 3ddahad 300 et spacthfol yattiton stage paé bt ishagedWBId iesror
driven in the Y-axis direction. In this case, the count values of 5
encoders 70A S ERFA oy & ndgrEtadritqral (Spanestdare indsumas i whdm imed by
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the grid lines iisteerpretRity reayak emAD1 b deghe eCOdes: {deadir J8{f il & f
an encoder (head) whose optical axis is perpendicular to the 15

novenent pl ande anchttimey XY tplhard) ecafcH ke adteage dand rmeesd ot UniF oralate sn

do not change by Z displacenent, |leveling, yawing and the |ike.

Further, in tife téa@serangf exf dttegey™\MBT liisigvoved in the X-axis

direction, wafer stage WST is driven in the X-axis 20 direction,

based on the neasufr&fEntT{HR FFERTONTF 20hee ehevaethey §osRerteOcess of
tion (i i nclination infornmation,

ot ati ont¥ nf GEHGER ER ERECEy: HOCETT it o thPere SFaGes WS idh B imary
direct i on di Lhqraiordt APANG, Huft Sadl LREL! 881 na"dnt BEnghafagkerbath
stage MST 1is waiting at the optimal scrum waiting position
described above.
Next, while controlling the position of wafer stage WST
20 based on the measurement values of at least the three encoders
and each correction information described above, main
controller 20 begins the movement of wafer stage WST in the
+Y-direction toward a position where the alignment marks
arranged in three first alignment shot areas are detected.
25 Then, when wafer stage WST reaches the position shown
in FIG. 29, main controller 20 stops wafer stage WST. Prior
to this, main controller 20 activates (turns on) Z sensors

72a to 72d at the point when Z sensors 72a to 72d begins to

move over wafer table WTB or at the point before, and measures



25 degree of flatness of the grating surface, and/or a grating
formation error) of the scale. Mdire specifically, wafer stage WST is
driven to conpensate for the neasurenent errors of the encoder system
(encoders 70B and 70D) caused by the displacenment (including the
inclination) of wafer stage WST 141 in &2direction different from
the X-axis direction. In the enbodinent, main controller 20 drives

waf er stage T in the X-axis directio based on the neasurenent
val ues of en\él'gtﬁ'rzs1 ﬂﬂﬁgvﬁﬂecﬁrﬁrgdsrlﬁtelqrhe PogitGadngn and Ox

i nformation er 5 age WST i %ams dlrectlon, t he
positional i n or rra]tonc}n o% \«%%eerr E bggee in a direction different

fromthe X-axis d'r%%%koga?ﬁrtg€ éﬁﬁs Hf;g%o%E%%UEEWEQH#£ description

(non-neasurenent direction suc exa the stage position

i nduced err oraHeRid, ek i 8 drif et 90 c(ét@%tc.sofﬁé%tﬂl%nle'ﬁtorhé@ké @ rkdged
whi ch is conputed by formula (11) previously descri'bed) that

corresponfis tim the phseti phest iaifigyrmmedritosheft watees stlageaNGlalbytdte the
By direction, Bz direction, and the Z-axis direction neasured by Z

i nter f er onet ergABNarU8Bsofindivédiieddyetmefay SoameldBart heaped marks
correction information (the correction_15 information which takes

into consi derlat F&- t4% ruHéW@ﬁr@@@%%@ﬂéén@ﬁnﬂ af e RL3f am@ sgcondary

| f th h | d.th
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di spl acenment of scales 39X1 and 39X2 an I'n the direction

besi des the measeberert idn' 8etbRinNo gt ath NP st & P hR LS 039X s
and 39X2, and the warp of grid |ine 37 have been corrected by each 25

of correctiomt béastatheoonhraaenwidsrshbgec\B8T the thne e the tde@ection,
X-axis direction. In this case, the count values of encoders 70B and
70D are substact isgldngst Hdegane rdeuling caiadherermryi-.deal grating
(diffraction grating) is measured with an ideal encoder (head). 142
Accordingly, it be@émtbééﬁ%ﬂ@ﬂ%‘—%‘r ﬁb@vﬁaflé? t@?é‘@@%‘m%rn@h%ﬁhlft
encoder ig a desjired direction with goo reci sion, wthout bein

y

af f ect ed et R8ICRTAF BERSR (AT & WSSEFHEP RGP e ngeasuTement
direction (n%q: Lc_'f’ee[[IFSr&I agl'd’ %%tf on) taget IE'\IPS'II.'elasd completed at the position

where detection of the alignment marks of the first alignment
shot areas is performed, and from this position, main
controller 20 begins to move both stages WST and MST in the

20 +Y-direction (step movement toward the position for detecting
alignment marks arranged in five second alignment shot areas)
in the contact state (or proximity state). Prior to starting
the movement of both stages WST and MST in the +Y¥-direction,
as shown in FIG. 29, main controller 20 begins irradiation

25 of a detection beam from irradiation system 90a of the
multipoint AF system (90a, 90b) toward wafer table WTB.
Accordingly, a detection area of the multipoint AF system is
formed on wafer table WTB.

Then, when both stages WST and MST reach the position



5 and the scale to be neasured, w thout being affected by the
unevenness of the scale, and w thout being affected by the grating

pitch of the scale and the grating warp. Further, according to
exposure apparatus 100 of the enmbodi nent, for relative novenent
between illumnation light 10 IL irradi at.e8l on wafer Wvia reticle R

projection optical systemPL, and water Lg fromillum nation system
10 and waf er mai.n contraller 20 drjves wafer stage WST on whi ch
wafer Wis m%{féﬁl itk K Sfood OpPEELEPoR e pESBEMBRT t Ak hRHR i ietRst WST and

b e R e e R Ry
positional i '}:{eﬁff@}rﬁs‘)r{: D af OC%saEg%farr}:Jwefm MBASYLEMEN,  and

direction at e tine of the neasurenent, t he correction

information fpddigmgrtati PE1RELEA Wt RaGh 13682 80dchhBLCRLTELS | @hirface
information of the grid line. 20 Accordingly, by scanning exposure

and |iqui8 i peridiiem exFestiae,iont chesneesi ossidlect otherns addest eder
pattern of reticle Rin each shot area on the wafer with good

preci sion. table PiBtherthd K-thésehbosithent), cdsZitermsréén, 72b, 72c,
described earlier based on FIGS. 28 and 29, prior to the neasurenent
25 (EGA al i graféht’ 4feasiuy éneridt ofvhaie & isfirdabtmarie daeatged lilmedhdn
three first Iieg ment shot areas on wafer Wby alignnent systems ALL,

AL22, and AL af it & ST D PESSMECHEL Y He thecen ettt Weisedable
used for the it cont.rol, of wafer, .stage WST .from.interferaoneter
system 118 tgﬁﬁe(tsé%c%éz enrnClSQLs yerﬁofﬁld(lé}ﬂtclhtgj\f tilhee Ccedhhtﬁ'roIOfgfwﬁrﬁeg W)
posi ti onqgf ef - .t t s Lk ul

Bont ol by eviiatalss dos et bed to The oot rol PASSE HRScriben Mo cne
val ues of at defasitildy e RNGeAefst RO NG SinAB-md 00 gndy

encoders 70A 5 and 70C). According to this, even if there are sone
errors in theeawasirengotnval ties daftddid ok poshti Docasd tifeoY Posiid @he
of wafer stage WST by the encoder systemjust after the sw tching,
there i s an adrdrstiragemofigtée lemadrid eif nde terseouenting sdanoetled syrface
the EGA perforned next. 10Further, according to the enbodi nent, on

acqui ri ng t heisnageupssent s atmddad ehearldsmadatt dh sytembdPen Ob) .
t he msasgéerrent val ues ,of the encoder previ ousl%ir descri bed,

control 157 20 ciHge SV der OIS VTS HRLS S SIS atd (7 ofoCH b idhithe

attitudes, ar%q_cfi%rit%ag 1?11[1(5 Ih;[ol?ccclfe’r Io@ &%a%’t 36@1’? %afer table WTB. More

specifically, liquid immersion area 14 is in a state just
before it is passed over to wafer table WTB from CD bar 46.
Then, when both stages WST and MST move further in the
20 +Y¥-direction while maintaining the contact state (or
proximity state), and reach the position shown in FIG. 31,
the alignment marks arranged in the five second alignment shot
areas are detected substantially at the same time as well as
individually (refer to the star-shapedmarks in FIG. 31), using
25 the five alignment systems ALl, and AL2; to AL2; and a link
is made between the detection results of the five alignment
systems ALl, and AL2Z2; to ALZ2, and the measurement values
(measurement values after the correction according to each

correction information) of the three encoders 70a, 70C, and



15 the attitude of wafer stage WST is maintai ned based on the
measurenent results of interferoneter system 118, noves wafer stage
WET in the Z-axis direction in a predeterm ned stroke range while
irradiating a detection light fromhead 64 or 66 of the encoder on
the specific area of scales 39Y1, 39Y2, 392X1 20 or 39X2, and sanples
t he measurement results of the encoder during the novenent. According

to this, cha information aor. exanpl e,, an error character.i st,ics
curve as shoc\ﬂﬁ% At ﬁéegf'élﬂﬁ ‘5%} Hadet2 e nanteataretett W dedegral

t he encoder car ondi_n he position in_the direction -axi s..25
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change infQrm%ﬂéﬁtﬂgnﬂhﬁiBB%ﬁHﬁﬁﬂ?ﬂhrM@?HQﬁmpéptb@a@@ﬁ@gﬁéfprojection
corresponding to the 144 position of wafer stage WST in the Z-axis

di recti on5f oropgdcta lasysteder]. iaias aontéxl ey n2Arobbatpsllilbe 20 controls
correction informati on of the neasurenent val ues of the encoder

cor r espondi nFheoreiké tpesi wiibhah théctyatlizore off wafer teéhye WIBBRdad on
the non-neasurenent direction. Accordingly, the stage position .

i nduced errorth(%F‘?%%‘tlF%ﬁeﬁl’ﬁfV@rlh@tsi%Xfréﬁa%éﬁrf@éﬁﬂig 5@ lepd8¥n éfdimnear

errors of the encoder eto rel ati ve change hetween the head and
Thebealt | eIl a3 DA (e ae DOMErd mlted by o

si npl e method. 10Fyrther, _in. odiment, in.the case of deci.di.n
the correction inf gﬁn%%idgﬁcgﬁé\gg, gk?%?ghq%l E?%Ieﬁkbfd(%fneﬁiztadgh? I?é)tSl%lO%al

confi guregt he saymhead Utido-SWh Bnd107, o@&ad?}ynea]] & fH il i1oh 10T £Y &

heads 64 that configure head unit 62A, a detection light is

irradiated fremaeF ¥iheada64qanchbensane s86Che i et @Bed BOftHN@oint
corresponding Y scale 39171 ang a sanpling is perforned on the

measur ement mésml ttheofdethetarapdar thes erlijhpoheahiove r kand rbadal s ddirl
correction informati on of each encoder configured by each Y head 64
and Y scal e 3d¥prnmendeshdedtrsed sopothbesadpl iTig v, abythiss sgage,
this correction information, 20 a geonetric error which occurs

because of t kY §eadidehbeoPoshblinBad tahornabipe, dimbedieHingller 20 can

t In ot .wh i troller 20 obtains the
Corr oot bh | REGTIE) BnSWAEASERE=g] GPBPREGEOPT CREGHEAS. (b RS g sed

}ﬁf E)P(rarats?gﬁ gL "%![ Eféa%'s etx%?npqtg,e%dkaiit (%ba:[p%in%sset Qﬁie%{%'}r{’i%cetd cpatent
Application Publication) No. 61-44429 (the correspondingU.S.
Patent No. 4,780,617) and the 1ike, to obtain the scaling (shot
magnification) of wafer W, and can adjust the optical

20 properties of projection optical system PL, such as for example,
the projection magnification, by controlling an adjustment
device 68 (refer to FIG. 6) based on the shot magnification
which has been computed. Adjustment device 68 adjusts the
optical properties of projection optical system PL, for

25 example, by driving a particular movable lens that configures
projection optical system PL, or changing gas pressure in an
airtight chamber formed between particular lenses that

configure projection optical system PL or the like.

Further, after the simultaneous detection of the



25 encoder serving as the object taking into consideration the
geonetric error which occurs by the gradient of the head of the

obj ect encoder when wafer stage WST is noved in the Z-axis direction.
Accordingly, in the enbodi nent, a cosine error caused by different
gradient angles in a plurality of heads 1195 is al so not generated.
Further, even if a gradient does not occur in Y head 64, for exanple,
when a neasurenent error qccurs in ap encoder_caused by the optical

properties (eI EEBRTS GAYSS Frawatedd dha He Vs I8 cPBist & igmgate shot
correction i@Lg&paEiogosi?L#a&Iy gancprqﬁgqéethgone su%enent.error +
from occurring, Whih“ PRt i brr%vjelﬁt SHHE detefrof atf off i th&CvVemnen
position contiro r eGlL Sk R . | Sl BT

enbodi nment , wa Epesfgggi8@59§2M§éf§§%ﬁ§g%3§§gow%@%%g%EEFEEPor ?fﬁ?ntaCt

measur enent  gftaies (6@@@5&%&\%_ 85010 4d e @flel QaRE RikeAdsd NHCRH e
error) of the encoder system which occur due to the head unit.

| nci dent abl y,fdcars ensapydng, uedtieet seAsbREOTPALtOM DY A RS R/int
val ues of the encoder system can be conputed, based on the

charact eri st iAd" syStemat POa, ($0p) excianpl yneacd ludi i tibesbbant imfEXthe 31.
head 15 and/or the optical properties and the |ike) of the head unit.
Inci dental ly in th&hempodhrEnbosbosbadeheWehsanth S hawreedsdrs megition
where main controller 20 neasures thﬁgfositiqnal i nf orat.ion

(i ncl udi ng t fe &2 WGh MERSUdemRe P dtsye WEF ilPdie s e ly below
t pl . parallel. to the XY i1 t head
Sncoder) o EREIentime SRbL ek Rudter b Shett RBF | NG dPA SR SRRt Ler

in the X:LY?IO! @@elﬂeﬁf&(}'ﬂ{sr Q:Ics-leecbrib— an, ﬁnﬁ%%%g?ﬁ@)%ﬂé ff-dde

positional information and positional 1nfor coordi nate

val ue) of thedihnee headsattde gridadiaAati 0R RRiNtast  te pRasHEERBAk ter
beam) 25 in the novenent plane used for neasuring f he posi ti onal

i nformation, phoweser ,rdfeer Pres entp doveydiiny dirs wigicH ianded dax ddhiisnage
For exanple, in the case when a novable body is not allowed to rotate
wi t hin the noeensnrt] pivags) tofe adegriee off rMeesedemerttamatrtis wovalstdcle R
body has is only two degrees of freedom 146 (X Y) in the novenent

pl ane, howev@ECJEHE SsY BFeRrOl fGEReN PP cker b valsm 84 by areapinemh uging

case. Th is, even,in such a case, when the position of_ the novable
body i n The REFareni THRENECREHE. 8ar FRECRA) SITETY 1G4 he See <t RS g oh
controlled has aerial image measurement slit pattern SL formed on
measurement plate 30, and the measurement results (aerial
image intensity depending on the XY position of wafer table
WTB) are stored in the internal memory. In this processing,
20 the projected image of the pair of measurement marks is
measured in an aerial image measurement operation by the slit
scan method, using a pair of aerial image measurement slit
patterns SL, similar to the method disclosed in, U.S. Patent
BApplication Publication No. 2002/0041377 and the like.
25 Further, the focus calibration latter process refers to a
processing in which main controller 20 measures the aerial
image of a measurement mark formed on a mark plate (not shown)

on reticle R or on reticle stage RST using aerial image

measuring device 45, while controlling the position



5 using an encoder, by using the accurate positional information as
posi tional information of each head in the novenent plane, a highly
preci se position control becones possible. Incidentally, in
t he enbodi nent above, the neasurenent val ues of the encoder system
were corrected based on the 10 correctiofa3information previously

described so as to conpensate for the neasurenent error due to the
position of the detection point of the head or the positional shift

of the head, oKL THeCpmMESeHr HRAENPLBRSIY ABRTPF hade FEBL med ated
! s IRl o N AL BT A0 LR ML, 49 21092 45T, e
I nformation, phi 'b%g%rd' ééh”@h%"aé%ffa%eaga%s\ézéﬁo*?naiﬁ%gﬁa‘c%n”@%%fé?'?;table
val ues of the encoder system , especially in the exposure

operation, thaposidian Hagetidhe ridaae KL Lan L& LHd egled Based zc,

on the correction informati'on 20 previously described, while, for
exanpl e, Hridmp Maferarg! ageNmednsed ahd he e oS e8id s Mal die So Of

t he encoder system Further, in the enbodi nent above, as the
posi tional i fmerjreattiiom obtibel detsoin Bh lpeiawt onftehmwehsademeéhe results,
position in the direction besides the neasurenent direction or the 25
posi ti onal sk tshavsunn fffldm tHe dESegmeqangenestobpairadd onhewe tae,

in the neasurenent fromthe second tine onward, the ampunt_of change

, . ang
(that is, thETESTEThamagri P FreomIarimnentodeifedSur eFeheseal te) for
of the position_of, the . detection point_af the .neasur nt this tjine
fromt hg posiTIBW St e PP eﬁtgcq];noﬁ{‘qcpeoﬁl}ﬁeufo?@a\ t r’l'g’%p]rciﬁﬁlﬁf’stﬂo' Wo
nmeasur e t ¢ i . r .k stahe
Dortor oD PR AN QAR cEUITEL ) (a1 nBTRAY, RESbu oA SR 50
previously dascritked,-88 4 ke RO tdPnada i fidmatd 1on 0f2 ¢ heydat et o

5 point of the head, the actual neasurenent val ue was used for the
direction besiedesindrenteasunerest idatdd.on 7and, g, Jedbgn, vahder §@as in
used for the neasurenent direction, however, the present invention'is
not |imted tsyndlironiaed itdre wptdi tabnngfin hheheadpoans afjsel berom aerial
actual |y neasured for the measurenent
image measuring device 45. Then, main controller 20 stores
15 the values of Z sensors 744,4, 742,4, 761,3, and 76;,3 corresponding
to the best focus position of projection optical system PL
in a memory (not shown). Incidentally, the reason why the
position (Z position) related to the optical axis direction
of projection optical system PL of measurement plate 30 (wafer
20 stage WST) is controlled using the surface position
information measured in the focus calibration latter process
by Z sensors 72a, 72b, 72c, and 72d is because the focus
calibration latter process is performed during the focus
mapping previously described.
25 In this case, because 1liquid immersion area 14 is formed
between projection optical system PL and measurement plate
30 {wafer table WTB), the measurement of the aerial image

described above is performed via projection optical system

PL and water Lg. Further, because measurement plate 30 and



10 direction, and in such a case, the positional information which

was actually neasured can be used instead of the design val ue
previously described. The positional information of the detection
poi nt of the head which was actually nmeasured can be used in a

process besides the |inkage process, such3as, 15 for exanple, the
correction of the encoder neasurenent val ue. I ncidentally, in

t he enbodinegﬁlagg e, when the_wafer st%ge is noved in the X-axis
direction, fom% &#& 8IS HRSEAL LRI 1Yy L& tRESIVERd (YR hR B Hio (B -

of head unit 62 nd -he uni t .62C i s perfaqrned, si.mult.aneousl vy, Qr

part of 20 thagrl ds\rtglceeslsl qahgc pertor met i1 peﬁréef’a 181 %ﬁb%\é\f‘gﬁe atﬁ’?e_lﬁ]rsg:cae@sed
can be perforﬁ?ﬂe'a@u?%ﬂ@n‘ﬂné{é Q%ﬂn@h@%ﬁeﬁuﬁeﬂéﬁ%ﬁ% BOLNG infhge
this case, for exanple, the di Sfance between adj acent 6ads 75 10 D&

the sane in heatiids Hand 6246 rabd Rhinesinddion L RAG Hidchtact
62A and 62C placed in the X-axis direction can 25 be shifted.

| nci dent abl y,stiatd Herepbodi mety semen, ofnwa fwerdtaie Welraded nea sdi®ement
switching of the head of the encoder and the |inkage of the

measur enent \edlags M&A, i averttdvon ineFatedB2 0 Blyetbermextwioemerit versianided
measurenment errors (e. g., head position 148 induced error, stage

posi tion i nd@aY er M5 SHERET h dlidete S r e FREEl fimhidett eryroracend

the like) of the encoder. system an inventio i nvention about the
reset of theR §§§¥¥ﬁ%aqﬁ?nwﬁicﬁaﬁﬁé EBE?%i%QB d%fr%ﬂs%ﬁsqqﬁa74L4'

f i 5 . f .
Lol SLe3e LR Ve 2 SRS, BRI MRRELA SIER A P
o S agseectatyan ol e encetandtoedlln, SR S

stage, an invent iseraighr epace (khe senedul eihof fheHd wuWtichifiGection
timng based on the novenent course of the wafer stage and the |ike

were carri edpausing theosahetR%poshit €r app afadlelts £ aHOWeNeB ,cd fresiedes with
i nventions can be executed alone or in any conbination. Further, one
or a conbi natsitag® ightt o ey Lbrre eofidus witcegeertidqubsi ti on i nduced

error, head induced error (the neasurenent error of the encoder
system t hat occur s TRE0batlRe CRE&F OBASIrt i26n PIPUdes tthet pasiedddeumitt

as in the_inclination aof the head or the optical properties (such as

tel ecent 17 ci B2 ah @ IhFEEd SYstdie ddler RASCarR b Nfertssied of the

conbi ned VMttﬁgfy%CHK:former'process and the results of the Pri-BCHK latter

process described abowve. With this, based on the relation
between the measurement values (surface position information
of wafer table WIB) of Z sensors 72a, 72b, 72¢, and 72d obtained
20 in the focus calibration former process described above and
the detection results (surface position information) of the
detection point on the surface of measurement plate 30 of the
multipoint AF system (92C0a, 90b), and the measurement values
(more specifically, surface position information of wafer
25 table WTB) of Z sensors 74i,q, 742,4, 761,3, and 763,13
corresponding to the best focus position of projection optical
system PL which are obtained in the focus calibration latter
process described above, main controller 20 obtains the offset

at a representative detection point (in this case, the



20 correction of the head position induced error.

I ncidentally, in each of the enbodi nents above, in order to sinplify
the description, nmain controller 20 had control over each part of the
exposure apparatus such as the stage systemand the |ike, however,
the present invention is not 25 limted @83this, and it is a matter
of course that at least a part of the control perforned by main
controller 20, can be shared with a(glurallty of controllers. For

exanpl e, a st%?gtee%rﬁpr R IpFateT ot rT Sreing ts}%eag%er\fglrfba%“éﬁ"‘%rﬁ

t he measurene es o coder st.e t.he ns

the interfer (?EJE al LJC stegméegtanettfe OTh R esof {gof tg'ber @eELﬁP f Sybten
control |l er 20, y t

does not nece(sgsd;alrj’il ave tocrgéreg ée)éa |zedtl{)gi %asf%vqf}acgcg‘u %ﬁo%e con roI

can be reali Zgﬁdajté{:tsﬂfﬁ € cHS| ¥ PerR FEOHRYILY | WM 1O0TRM 4dad 6858 otﬂegln
operation of mai'n controller 20 or each operation of some controllers

that sharg thef castmol tHso it wroggkyellpSyt bedmple, by ahneptess alnlethod
the configuration and the placenent of the encoder system the

i nterferonet ero systterha hef fmdt ippmane AR system the Z sensor and
the like in the enbodi nent above is an exanple anong many, and it is
a matter of course Ifhefiskassr-eSepm theyBhevBAinE afolnpravied the quahput,

For exanple, in the enbodi ment abov an exam%ue was i ndicated of a
case where tt‘ﬂé’l APPCOPTOCEESIBY @V Rgi35¢HK LaHTE5PEeeSS described

f th .t he d
of X scal 65 30K AR, 0E8R P CLRE RRRELT CHBRE O6F SCRE bBERT s THFe
he X- d d
Cor rospobtl ng 18 IhE CER e e LRE BaVE Or Fead LRl Th BA G s firhout

placed on ongesi o aing bbﬁhqiﬂb%res%ﬁﬁ; of Aghseméteélr%@Qogkgéctﬂrpen@fcase
projection optical systemPL, and the pair of head units 62B ‘and 62D

is placed on the idBGHK tdie et Mfocsisde i6f ridie pérodrenedi,r etid (HrJ_O-fBCHK
projection optical system PL. However, the present invention is not
limted to tHiemeangofces s o ws 38l ead 13Y 2 usedidar rtdie have to be
measur enent of the
performed, and in this case, main controller 20 only has to
15 movewafer stage WST from loading position LP described earlier
to a position where the alignment marks arranged in the first
alignment shot areas are detected. Incidentally, in the case
Pri-BCHK process is not performed, the baseline which is
measured by a similar operation just before the exposure of
20 a wafer exposed earlier than wafer W subject to exposure is
used. Further, when the focus calibration latter process is
not performed, similar to thebaseline, the best focus position
of projection optical system PL which is measured just before
the exposure of a preceding wafer is used.
25 Incidentally, in the state shown in FIG. 32, the focus
mapping previously described is being continued.
When wafer stage WST reaches the position shown in FIG.

33 after a predetermined time by movement in the +Y-direction

of both stages WST and MST in the contact state (or proximity



25 position in the Y-axis direction and X scal es 39X1 and 39X2 used
for the neasurenent of the position in the X-axis direction, at |east
one of the scales can be arranged singularly on wafer table WB,

wi t hout being a pair, or, of the pair of head units 62A and 62C and
the pair of head units 150 62B and 62D, 1at | east one of the head
units can be arranged, singularly. Further, the extension direction
of the scale and the extension direction of the head unit are not

linited to ar GrtHofEF&r LSCedPPBR- St £ONHO Mk ks dFredtidrtamfage
the 5 Y-axi j t] in t. nbodi, t.,ab . d it b

e s i SRR RS STORHLTEN,) SO a0y CoRLEE Ao v
e et o0 £ S TSOLAL Al 07 L0 @ aii g oo Bopg . felon

each scale, ahtirdbI1SUGh28 §886st ik IR U4 ahdheadsy oud hey detects

correspondi ng head unit should be placed in a“direction orthogonal to
t he peri o8i c tlig attganeak mbekedidfracidDOngtied ifigre EHibHEs1l 1 @atdnheadt
unit can have a plurality of heads placed without any gap in a

di rection ortadmegenalrafen i padrdawodilmmid ectilon iof e d3)f necitionf ik
grating. . Further, in the enbodi nent above, the case has been
descri bed wheérdanmengr &vsiemsediilomnct Ré2X SeahkZand ittt Yhscaledpatdsn

pl aced on a surface of fer stage WBT parallel to the XY plane, or
to be nore spESHITS SEntive P EISHr FASE TSP hb VR AL 2 e Prigaefid the

oo comPR S 0 S 2B AR SR LB e
the side) urfvaafci%esoéf@ebecea?:ﬂ: t 06, ﬁ?re%@legf%@letggrwt\f@ﬂuﬁi O3k dSn )

[
such as the wafer stage, e a grating (a two-di nensional grating

or 25 a one- HRNSIRRADL r@RALLRA vSBGEI 91 tHAGRA ! WRERRASEONEAS WikAR
be placed external to the novable body. In this case, when a Z sensor

is al so pl acethendetbetlippeandutbaes et e thyald e hodymeinbeygr att ’tis
externally placed can al so be used as a reflection surface that
refl ects the pwEasurengritneheaind rimpus]l fkphiend isesgmg continued.
Meanwhile, after a predetermined period of time from the
15 suspension of wafer stage WST described above, measurement
stage MST and wafer stage WST moves from the contact state
(or proximity state) into a separation state. After moving
into the separation state, méin controller 20 stops the
movement of measurement stage MST when measurement stage MST
20 reaches an exposure start waiting position where measurement
stage MST waits until exposure is started.

Next, main controller 20 starts to move wafer stage WST
in the +Y¥-direction toward a position where alignment marks
arranged in three fourth alignment shot areas are detected.

25 At this point in time, the focus mapping is being continued.
Meanwhile, measurement stage MST i1s waiting at the exposure
start waiting position described above.

Then, when wafer stage WST reaches the position shown

in FIG. 34, main controller 20 immediately stops wafer stage



I ncidentally, in the enbodi mrent above, rotation information (pitching
anount) of wafer stage WST in the Ox direction was neasured by
interferonmeter system 118, however, 5 for exanple, the pitching
anount can be obtained fromthe neasurenent val ues of either of the
pair of Z sensors 74id or 76p,q O, similad to head units 62A and

62C, for exanple, one Z sensor or a pair of Z sensors can be arranged
in proximty to each head of head units 62B and, 62D, and the pitchin
aount 10 cali e GELaPTEISH SATXLSEAP S At GO UMK Y [t ects The
measur enent val.ue of .the sensors_that ce the scale .
feapecttvel y DALBRRT AT ERsebgret T posarbr A7 0 Taserh @kigpment shot
positional infQr Bh%‘af’ér‘ﬁ@f(%fé%@&? s‘é@}-'sﬁa‘ﬂ:' Eieﬁékﬁé‘?u?h%'.x%zl) using
degrees of freedom or nore specitically, the ﬁ-aX|s, -axis, Z-axis,
15 O, Oy, angi@amrdl Be@6YnaRStUSyBgehe. ERERUSECBRHatDE Z SRNSYH systems
previ ously described, without using interferoneter system 118. %he
measur enedit GLAhen@dsh24, 0hahkisnt los hit et iofn wakearn tst aget Wde iall ignment
directions of six degrees of freedom using the encoder and the Z
sensor previ cusitemdeddrli,béd.cannbdeApds fardethenates20imamignti rvalhes of at
exposure operation but also in the alignnment operation and/or the

f ocus nappi nd-SHFeT hr6R previens| (mepsErenrnt values affprherreetieie by
enbodi ment abqve, mafer,staqe WST wazygriven ased on the neasurenent
val ue of the GREF SGFSCEMI IS IFGE LORANBIE, OF nth Rel @bk eS170 Sy &he
however, for .e ncoder. system the asures.the positjon_ of
reticle st agg%gg%gtnh%gea(?%g&?nan%n?erE:Oﬁees gﬁglaelrhg ecjalﬁg%rén%ﬂ’ R TR
based onq§he i i tJ t ts .
Toacur oment o o TR e ¢ e A RO Ba e harn popt inued,
information ehd hedRiddlchtStAGRd MITE N-MBASHIATRY A (e iposure
nmeasured by reticle interferoneter 116. Further, in the

enbodi ment abkawet vheétiagedeatt been deser,i hetnyhate dehecappar sésislts of
equi pped with one fixed 5 primary alignnment system and four novabl e
secondary al iggroeg@tl yfstlenes 1 ianohealt gt arat Khemeametenentt haliges
alignment shot areas on the wafer are detected by the sequence _
accordi ng to e fineEmeal gadeies afsesntheHonevertiond ¥ sHu oy rection

al i gnnent _system does, not need to be novabl e, and, further, the
nunger ES yinformation) of é%e corresponding encoders obtained in the

manner described above, main controller 20 computes array
information (coordinate values) of all the shot areas on wafer
Won a coordinate system (for example, an XY coordinate system
whose origin is placed at the center of wafer table WTB) that
20 is set by the measurement axes of the four encoders, using
the EGA method disclosed in, for example, U.S. Patent No.
4,780,617 and the like.
Next, main controller 20 continues the focus mapping
while moving wafer stage WST in the +Y-direction again. Then,
25 when the detection beam from the multipoint AF system (90a,
90b) begins to miss the wafer W surface, as is shown in FIG.
35, main controller 20 ends the focus mapping. After that,
based on the results of the wafer alignment (EGA) described

earlier performed in advance, the latest baselines of the five



10 of the secondary alignnment systens does not matter. The inportant
thing is that there is at |east one alignnent systemthat can detect
the alignment nmarks on the wafer. Incidentally, in the enbodi nent
above, the exposure apparatus which is equi pped with nmeasurenent

stage MST 15 separately from wafer stagel®T was described as in the
exposure apparat us disclosed in the panphl et of International

Publ i cati on WO 2005/ 074014, hovvever the present invention is not
linited to t RIS o?y%%@é?ﬁ)lpé: #nd sAIcﬁls(FPo@é@‘i nan¢ obh@xhhpf e, maln
Kokai (Japanese Pagei % xamnhed 20 Aggl (e

10- 214783 and THe CorteSSorarig 0SsS™ Bﬁ? bElI i Ié)n&)h%‘_‘mr e

panmphl et of Inferna h‘i&ahmﬁg%%&‘sgt %Qgggﬁrev&%%?ﬁ%{%‘]‘t even}L N&ansfers a

correspondi ng U. S. Patent and t inan

exposure appareatius Dy d e i db RfSru S 18e8, it hatbd Nate LA EXRHHEE W,
the exposure 25 operation and the neasurement operation (e. g., mark

det ect i on5by Afite radd giuverdimsyisie gpedamisind ra fearmdgealt asli i seferso
stages, it is possible to performthe position control of each wafer
stage using tidee tencoterssydtemeuaining orddg 3 vartth iheHe Kt .
previously described. By appropriately setting the 153 placenent and

| ength of each hea@suhﬁtd‘ﬁ%‘t:rb}mﬂ‘? Hudetq ithabexpesateobpenat ioeampsure

al so during the nmeasur per tion  the jtion control of each
wafer stage GRS Rgi hae FRERRLTSRL ¢ HeP RO Legy etdrhe

ly d d h dd
Phe neasur emit® G5 aFFBS%'?XSESCSE?SﬁgeﬁQ%e‘tﬁ)%?%?% F oSt iy the
units (624 t O%%_Q)lhoq{ Vi oUs) Y A8 Se '(Qﬁéluﬁqlh e%ﬁgpég ré?HLW%fJWatf%r

can be placed int ape of a cross Wi th one or

systens in theGRNYEIT wARtiGUrHY stdlefd&aswmr&vé&@ftat 1%&;0 p%%‘ﬂ.q’el
the positional information of each wafer stage WST can be nmeasur ed

usi ng these headh#idys Hrghd ey adireas paadi NGl sl dses )| N dHis e X0 siE=ast
apparatus by the twin wafer stage nethod, at , |east two scal es each
are arranged lineliude ome ewaterf snafbsadr @serctileor) pyndamd hwbeh (Ylemcoder)
exposure Operoa}___t ’::1'?2 e?*fcc;[dheer \Q@fsgrem Then, based on the measurement results
15 of the positional information and the positional information
({X, Y) coordinate value) in the movement plane cof the
irradiation point of (the measurement beams outgoing from)
the three heads used for measuring the positional information,
main controller 20 drives wafer stage WST within the XY plane.
20 In this case, main controller 20 drives wafer stage WST within
the XY plane, while computing the positional information of
wafer stage WST within the XY plane using the affine
transformation relation. Accordingly, it becomes possible to
control the movement of wafer stage WST with good precision
25 while switching the head {(encoder) used for control during
the movement of wafer stage WST, using the encoder system
including head units 62A to 62D which respectively have a
plurality of Y heads 64 or a plurality of X heads 66.

Further, according to exposure apparatus 100 related to



15 mounted on one of the wafer stages is conpleted, in exchange with
the stage, the other wafer stage on which the next wafer that has
undergone mark detection and the |ike at the neasurenent position is
nounted i s placed at the exposure position. Further, the neasurenent
operation perforned in 20 parallel with tB2 exposure operation is not
limted to the mark detection of wafers and the |ike by the alignnment
system and instead of this, or in combination with this, the surface

i nf or mati on (t&eesmPﬁfiaFlﬁattv OPY1OF thetRaFEPIcERe HLoPERCEEFEREH Which

25| nci dent al | f.|n t he e$% d i.ment .above He cas has be n de crlbedch
where Sec- BCH (A nt*¢ARS 15efforiBa oer uring the

measur ement T oxC ¢
i oL S VBT il e e é B0 e,
thi's, and al Jsash dne, 39stdfdridd 4kBanEs dHl B9ULBLLRY] information
measur enment (and illum nance measurenent), aerial |nmage nmeasurenent,

wavef ront saberfr atifeir RRAgM FIEntinatHet ke hildkee cahde e ertmsh wSidt@ss
a measuring instrument (nmeasurenent nenber) of neasurenent stage MST,
and 5 the neadurtdreiteade sulgis ican theewigfusdot etk siar el edep eprurferafed for
waf er performed |later on. To be nore concrete, for exanple,

proj ecti on opticdahesgst eMPPE éﬁﬁcbélQQRQEteﬁobye%@@Lhﬂadnﬂf(ﬂ?ﬂ(ﬂ@qﬁﬁer
based on the neasurenent results. Further, in the enbodi nent above, a
scal e can aI§§sﬁém?0mﬁP&c@&“@ﬁ°&é§§u?@n%ﬁﬂué¥§§eaNEﬁaS%ﬁRPqﬂﬁaVa ue (an

bncoder syt AbCiadd nith e UL et AT s Spad frodiis fead
the nova?be Q@Q¥1Egﬁ%t3 gfga?%rtg%a aﬁ%&eggré&$%e%?§%£*#]éﬁiﬁw%ﬁe 9 in

i nformatTon using the éncoder syste is no
stage. the XY plane and a measurement value of the rotation angle

of wafer stage WST in the XY plane by interferometer system
118, and based on the measurement values and the rotation angle
(6) of each head that has been acquired, computes the

15 positional information of the measurement beam emitted from
the head in a direction orthogonal to the measurement direction.
More specifically, for each of the plurality of Y heads (64,
64y1, 64y2) of the encoder system, main controller 20 computes
the X positional information of the irradiation point of the

20 measurement beam, and for each of the plurality of X heads
66, main controller 20 computes the Y positional information
of the irradiation point of the measurement beam. Then, main
controller 20 stores the information that has been computed,
along with the design positional information related to the

25 measurement direction of the irradiation point of the
measurement beam for each head in memory 34.

And then, when driving wafer stage WST as is described

above, main controller 20 uses the positional information in

the direction orthogonal to the measurement direction of the



I nci dental ly, when reducing the size and wei ght of wafer stage WBT is
taken into consideration, it is desirable to place the scale as close
as possible to wafer Won wafer stage WST, however, when the size of
the wafer stage is allowed to increase, 20 by increasing the size of
the wafer stage and increasing the distangg between the pair of
scales that is placed facing each other, positional information of at
| east two each in the X-axis and. Y-axis directions, that is, a total

of four posi ti A3V RN O o dl D SSREILTHER te rsra el gy heg st red

25 i f the wafer.. Further., instead of i i

the size of (e WHBITSERTE: HOF X dgiE t Park’ dr't R EH T be

arranged so o dils JH %tf eesfiffz%;ﬂj:[ %.tovr\@féa%rinsé g,h [ me%%u@e?n%'nr{g beam
e of 'wafer stag ody g an

the scale on the outer si mal n usin

auxiliary pl ajecaenWibgh 8tord@5id eastodnesscahg isiabtanged: dthfse wsT

di stance between the pair of facing scal'es can be increased as 1n the

descriptidn aldaten the XY pFanéherild dohpet enpadicd ot i abengl inFoan@derion
to prevent deterioration in the neasurenent accuracy caused by

adhesi on 5 ofofa wadieal gt amet @19Talvwitdant aienady griamndistimgy IdHee afif iYie
scal es 39Y1and39Y2, and X scal es 39Xl and 39X2, for exanple, a

coating can B&a@sflaraEdtden e lafrifaee so as to cover at |east the
diffraction gratin%, 0%8% cover glass _can be arranged. In this case,
especial ly in the CHEEDEE MRFIRYGEPRETRHERS BN S FEPES @ FosGder (a head)
apparatus, a_liquid repellent protecti.on film.,can_be, coated on.the
sbate (a or atg Sarr ey FEbo B i amal LA RE R OR O har T e age
on the syfage-{ yppes of v SS. er Jur.
diffract#on grating%ﬁgigéigﬁgﬁﬁkgﬁ%gﬁﬁgi Sﬁ%%hghggkéﬁF%gI%?%ﬁ%?téﬁ}ee
entire area ighddiRrkd P RGdtHEMN@n HJBG isN tofareasla &1 HOWEY @lafer

for exanple, the diffraction grating can be forned infermttently

di vi ded i nt o saapleutslri tythinatieasxy @l erkchsseal gt ganeboenntfé HHEG e r
a plurality of scales. Further, in the enbodi nent above, an exanple
was gi ven i nthiee sgasehigr.e Bacensedef tlyishealRthaidi rdet ieorwoder which
interference method is used as the encoder, however, the present

i nvention i s lfotusiEdnificad the ©eing, rodn e fmdthiso ihe sstridionas ft We fea- sdlalged WST
pi ckup net hod, the magnetic nethod and the |ike can be used, and the
so- cal | et sc&ScREBRETSL ARG ddieaPPsi4iendps dafsei Sitager Bp T ek the

U.S. Patent §%‘p%ggé6§g’£§¥%€ggkéékﬁé£3¥% ah na%ng teeL§¥¥¥ching, which
makes an accurate linkage possible. Accordingly, it becomes
possible to move wafer stage WST two-dimensionally, precisely
along a predetermined course, while performing linkage

20 Dbetween a plurality of encoders.

Further, according to exposure apparatus 100 of the
embodiment, in the case of moving wafer stage WST in a
predetermined direction, such as, for example, the Y-axis
direction at the time of wafer alignment or exposure, wafer

25 stage WST is driven in the Y-axis direction, based on the
measurement information of the encoder system and the
positional information (including inclination information,
e. g., rotation information in the 6 x direction) of wafer

stage WST in a direction different from the Y-axis direction,



Further, in the enbodi mrent above, as the Z sensor, instead of the
sensor by the optical pick-up nethod referred to above, for exanple,

a sensor configured by a first sensor (the sensor can be a sensor by
the optical pick-up nmethod or 156 other optical displacenent

sensors) that irradi ates a probe beam onladneasurenent object surface
and optically reads the displacement of the nmeasurenent object

surface in the Z-axis direction by recejving the reflected light, a
drive sectiofP$ CRAT2GFPTESTEREIEPRIACEIR IR - B t HE1z08IT 8P dd@itaRss
and a second ncoder d the hat asures the
di spl acement < tﬁﬁeg%aF§ggs%%§ C?hi¥ﬁgnffgx9§ahﬁp c ?Eﬂagg e ed O F
In the Z sensgy, i t o] de e e
first servo contr %l%%deysrg a%égﬁfﬁ%é?gg d€%€%95%t$$%ﬁﬂsrﬁ%ggﬁF%%&'to
first sensor dgnddsadetor @héeﬁébgﬂréﬁéﬁé OPrbhe SHUE Bfcdd& foiystenm
sensor so that the distance between the neasurenent object surface,
such as the swifcaer:ref 70Rheasgal & At el biyr She SEBNSSIaddindrite (dnatisling
direction is always constant, and a node (the second servo 15 contr ol
mode) in whi diheainaddestiahieotfwa fer sseged WSEnsora il mi atelorf rdrfifarent
external section (controller) and the drive section maintains the

posi tion of tiHeM ithet Ysanssrdireehborz-and $h¢i peateon 5o thmaenbediment,
measur enent val ues of t second. sensor coincides with the target

val ue can be™df qapt; séoz@rdfvet%évarﬁerrstst?&%/aq%m dhendge Xigs
th t put of th Z h t of th t th
oeond bensoriiriEract b 0 RH e BT A3 b3 3 et G 0n
control {gde, fntcﬁe/o@tt@i%gth%f a%& ga‘r%flq:l ‘31 300 GE} E‘tl%%e%f E)ér % stage

in the case of using su an énco i's enploye

25 the secongisgensary r@&e’@eﬁ@iﬁé‘cﬂﬂ@@%@tlbﬁe P 55%’5 YL &% 05 raatﬂe%r&l%fn
waf er stage WST (mafer table WIB) in directions of six degrees of

freedom can h&eareaageegsosi5t Den amdneatlerrofucbhee ot i on tivef @mpdi sentche
above, as the Z sensor, a sensor by other detection nethods can be
enpl oyed. 15brrectionFuntflematiion héiedbddi menpualsol &y thvemula (10)
configuration of the plurality of interferoneters used for neasuring

t he positi on@rSvifosisdat ids catibgah) et hstta g 'SP s el it heo msisidtiiooms 1

are not Ilnlted to the configuration and the
information of wafer stage WST in a direction different (a

direction besides the measurement direction) from the Y-axis
direction at the time of measurement, for example, the
positional information of wafer stage WST in the 8x direction,
the 6z direction and the Z-axis direction measured by Y

20 interferometer 16 and Z interferometer 43A and 43B of
interferometer system 118, the correction informaticen (the
correction information which takes into consideration the
unevenness (degree of flatness) of the Y scale) of the grating
pitch of the Y scale, and the correction information of the

25 warp of grid line 38 of the Y scale. In the manner described
above, stage drive system 124 is controlled, based on the
measurement values of encoders 70A and 70C whose measurement
errors of encoders 70A and 70C due to the relative displacement

of scales 39Y; and 39Y; and Y head 64 in the direction besides



5 conbi nation previously described. The inportant thing is that as

| ong as the positional information of wafer stage WST in the
direction except for the neasurenent direction of the encoder system
can be neasured, the configuration of the interferoneters and their
conbi nati on does not especially 10 mattet40The inportant thing is
that there should be a neasurenent device (it does not mat t er whet her
it is an interferoneter n@ig?besldes t he encoder ,system descri bed

above that c %@&96?—1&6{“&81: ?Bh%’ilfltrﬁeoﬁﬁ&ftllélﬁ B% & Ysﬁa@éea@r%
t he di t th t, 15
n e oS SEEE (9 D, ISSRULETE, SRR A8 S v

encoder system Igor exanple Se

used as SUChMUE%@PﬁeQ@i’&‘Eﬁéﬁgrma idrir LR afé‘rtstl%g?rﬁg'g'{@@rlven
e

above, the Z sensor was arrang esides the multi poi nt syste

however, for jexame €-aaS sl angGeasibhe sonfaees p@ééé' G'hd @&Jﬂﬁatdaqm;e%f of
the 20 shot area subject to exposure of wafer Wcan be detected with

the nmul tipoi rincAldexysSt7@R @M XOS Wre, subeitddtd al 1sensey daes rastults as
necessarily have to be arranged. Incidentally, in the

ermbodi ment abdwes, apui@eadt®ratiing eidi Masatsen gsathegli feindsahowelerith
it is a mtter of 25 course that the present invention is not |imted
to this. As t¥He ddeqhi @nqqdqn hasst) -i sRehédraal pyastapl ddifavrR§LANGN
transmttance t |IIum nation Iéd5 ht IL and sa,fe to use, such as fathe

f1 uori ne- conBii Mg irn ¥ Q- i e 'surface o

brand name_of 0% 1o5° %raal%%?)g%gﬁ [%Oe%eseft ﬁ‘%%]'“?f’ L s8Rt parenge!
inert |igyiddse ﬁl i giﬁﬁ bt \fl,% %Eé?@ R 0 aot:ofﬁ?(i%ltgg; efiﬁf:tsurface,

Further, as the refractive in ex W t

respect to iladndmtRatdaiti dgdhteckl oa BE ahey g&B@E‘Lﬂ@W@ oA lato the beam
refractive index is around 1.44), for exanple, I'iquid having a

refractive i mdexhediratet feosmdit ghand bae disoace betused tA8 dhid lines
type of liquid, for exanple, a predetermned |iquid having CGH
bi ndi ng or 0-i mcm:ih@geiwcrecnmh .sopriopdael kaeprgra (hefdacteferentexan
of about 10 1.50, glycerol %ycerl n), having a refractive index of

d¥

about 1.61, &N508Eat dhfiased WIARH @RtdFdniaE 1ol hie MOT RANEH cad Atestand he
hept ane &5} decane, or ecall dgﬁeahﬁ ror}lgg)ht hal ene) havi ng ah

refracti i APEers taBoEPe 1 fhéda @ant }B% i435gand whose count
Al ternativel a lli UI btalnedb mxm arblt or 15 nore

of these Ii qﬁ’; &é‘ler?ay be useaan%e ba"ylzl (%F’ brarhed %?/v%gjdn%g Y(a}ﬁ%&%&)“d

the predeteriped ;hiqqui d descri bed above to (vvlth) pure water can be
used. Alternatlve y, as the liquid, a liquid obtained by addi ng

(mxing) base or agigtsdeh A% Hhe ChsckhafOr staCR2wsTol sPRb2ed @n the
(with) pure water can be used.

X-axis direction, wafer stage WST is driven in the X-axis

20 direction, based on the measurement information of the encoder

system, the positional information (including inclination

information, e. g., rotation information in the 0y direction)

of wafer stage WST in a direction different from the X-axis

direction, and the characteristic information (e. g., the

25 degree of flatness of the grating surface, and/or a grating

formation error) of the scale. More specifically, wafer stage

WST is driven to compensate for the measurement errors of the

encoder system (encocders 70B and 70D) caused by the

displacement (including the inclination) of wafer stage WST



20 Moreover, a liquid obtained by adding (m xing) particles of A
oxide or the like to (wth) pure water can be used. These |iquids can
transmt ArF exciner laser light. Further, as the liquid, |iquid,

whi ch has a snall absorption coefficient of light, is |ess

t enper at ur e- dependent, and is stable to a425 projection optical
system (tip optical nmenber) and/or a photosensitive agent (or a
protection film (tgp coat film, an antireflection film or the |ike)

coated on t hdTsd fddecdiion ﬂéﬁé@rep§ prefef BBl 4 arhpt FeFectioR he Idndde
F2 | d as the.light | b I ed.

159 Furtner, SRR omeaﬁ@%?— BB%E&%&%& Cgrglo"@% SR T ASRay S pa the

reused, and iy Issdm B¢i8n 'Ms,eéd%% h krghﬁasféﬁ@nc%%ers

recover ed I|qU| &F ab arrange ecovery devic

a recovery pifems tht'h@D |vJH&Q:h ﬁeﬁgtﬁ:e%he ﬁbstlhﬁoefmo_dm@e%ae@eﬁeof wg&er
case has been described where the exposure apparatus is a liquid

I MYer si onSt yReRHPWSTI£n apeakabdss daweMeron ! RBePEESEN oh Y efificdhalts on
not limted to this, and it can al so be applied to a dry type

exposur e appafatwaserhat ager W6Tnénea posueet Dén vl Ef e Mmi thoort tHH iXeraixd s
(water). Further, in the enbodi nent above, the case has been
descri bed whéleaaid gy @derithe rivierst iadh tihe armmlmﬁm@ta Srarmiagpurement
exposure appcﬁG}us by a ste -and-scan nethod or the |ike. However,

the present SGIGH )irs S F?m#% EMEHiSy, thet S'i‘BgWSall'%Jd)rbénduced

applied to a %E?ﬁg%ie 0 ure ap@%r S. sucgggfcﬁﬁﬁ;e Jéﬂg' \MéJ%n
the stepper O e Hﬁf t t Qﬂ?
whi ch an 9b1%ﬁﬁx§99%egém 8t§éﬁ%§%&&nhﬁaﬁ9%@5 ng%ySQ§99 é% r1?eq%1that

generatlon of position asurerment error caus alr

can substantidie RRouY k8deRE d & a1 RWANHIMIR, o?Vﬁgfé‘ktg\:atgﬂ?WST
stepper, it beconesS possible to set the position of the stage wt

hi gh precisiam bagedyoairbetmeasueenenieyel s®s £id tiree encoder ddidction
each correction information previously described, and as a

consequence, measheeghby posstbkéerometansf éBRaame@td 3B e Hpdnttemfetometer
onto an object with high precision. Further, the present invention

can al so be #&Ftesd U4l a thed watinae iy datficomadsus urtdeamyarraalstasy a

step-and-stitch nethaod that, synthesizes a shot area and a shot area,

an exposhPe Apg&ra@ts By “histobakesy imdichsPnsd 98 5atdopidjee degienness

aligner, or H%%gree of flatness) of the X scales) of the grating pitch

of the X scales, and the correction information of the warp
of gridline 37 of the X scales. 1In the manner described above,
stage drive system 124 is controlled, based on the measurement
20 values of encoders 70B and 70D whose measurement errors of
encoders 70B and 70D due to the relative displacement of scales
39¥; and 39X, and X head 66 in the directicn besides the
measurement direction, the grating pitch of X scales 39X, and
39X;, and the warp of grid line 37 have been corrected by each
25 of correction information, and wafer stage WST is driven in
the X-axis direction. In this case, the count values of
encoders 70B and 70D are substantially the same results as
when an ideal grating (diffraction grating) is measured with

an ideal encoder {head).



160 I|ike. Further, the nagnification of the projection optical
systemin the exposure apparatus of the enbodi nent above is not only
a reduction system but can also be either an equal 5 magnifying
systemor a nagnifying system and projection optical systemPL is

not only a dioptric system but can alsolbe either a catoptric system
or a catadioptric system and in addition the projected i nage may be
either an inverted_innage or an upright inmage. Mreover, the exposure

area to 10 whi ch i HGRAGTENOGHY /| iighPeremes PPﬁéHPé?eHOv¢%ﬁYﬁcﬂ 5§ grage

Wthin the f rETaTet g BBEPSREARt Faine Gy BT PLELRBNE Sopgpreciston,
| | Pub

o 0 2004/ THFOEET ERaTs SEEERREBY, EheCkal O EEEMEI B0 B s

that does notodH %@%noghécéiir@ét§or9‘><(fme%5r{]r.lél‘t{er¥tod‘ir%%‘tq.%lnl yedeithd MR ag
type catadioptric system in a part an optical system

(catoptrip sysicemhes sealladitopbei Ges¥sten) whahohashPingadffeitegtiPrhe
surfaces and forns an internedi ate i nage at | east once is arrange

and 20 whi ch umesremrsiggylaef dptd cadalaxi sndrwitdreryt theenig |aﬁﬁertﬂ:telcblby the
area and exposure area described above are to have a rectangul ar

shape. Howeve&ratimg ghdpd iaf ridie |99 ednd theteusfulrer waarik can al so

be circular arc, trapezoidal, parallelogramor the |ike. 25Further,

the light source ofutrﬁé‘eé?xp@sct%éddﬁﬂart@t FEHAF Uge a@r?@m%tlo&o&fe t|h§

t | ted to.the ArF I d a | sed | ht
Such as o Kr EABRTREP 5 §I”%%I@€%%ém%2qrﬁxafﬁ HB =R LU P 1S
t put I t. I 6
PP AP out A o PRE hESA (R R o%@mal
hi gh pressur g iRlelIby, | 300 Jadr @%ﬁfEéﬁq%lﬁmpfﬂaQ&torI' R t%moaén&%fer

g-line (wavel éngth 436 nm or the’i-line (wavelength 365 nm can
W, main controller 20 drives wafer stage WST on which wafer
W is placed with good precision, based on the measurement
values of each encoder described zbove, the stage position

15 induced error correction information of each encoder
corresponding to the positional information of the wafer stage
in the non-measurement direction at the time of the measurement,
and the correction information of the grating pitch of each
scale and the correction information of the grid line.

20 Accordingly, by scanning exposure and liquid immersion
exposure, it becomes possible to form a desired pattern of
reticle R in each shot area on the wafer with good precision.

Further, in the embodiment, as it has been described
earlier based on FIGS. 28 and 29, prior to the measurement

25 (EGA alignment measurement) of the alignment marks arranged
in the three first alignment shot areas on wafer Wby alignment
systems ALl, ALZ,, and ALZ2;3;, main controller 20 switches the

measurement device used for the position control of wafer stage

WST from interferometer system 118 to the encoder system



be used as the light source. Further, a harnonic wave 5 generating

device of a YAG |laser or the like can also be used. Besides the

sources above, as is disclosed in, for exanple, the panphlet of

I nternational Publication No. WD 1999/ 46835 (the corresponding U. S
Pat ent No. 7,023,610), a harnonic wavel4®hi ch i s obtai ned by

anplifying a single-wavel ength | aser beam 10 in the infrared or

visible range emtted E¥ a DFB sem conduct or | aser or fiber |aser

vacuum ul t r aviBidichsyhbe sty P?U%?e BApLELPBrOoTIYpEET iaH.e HEB within

The mavel enotiha HoPORTE AT oh AR Reint Siarrocth HEAE el SRt £ gdes ok ibed
I, E

crysta .Cantfdl St %&%%ﬁ%ased on FitHd NELa d&r&é}lec qjgfﬂ]%émo@ at"{b(ﬂ;’eﬁa“st

illum nation e exposure app ara us 1s not 11mted

l'ight havi ng ta May elreRidre @il oF0cfbolRKE t?b@”aﬁ@%(ﬁrﬁ) Ang érjicdc?ers 704
needl ess to say that the light having a wavel ength | ess than 10

can 20 be5usedmiﬁQK3exaﬁﬁberdhﬁgre@eﬂhlyeaéﬁenlﬂfOEKEEetéké”@Hﬁé3ékrors
pattern equal to or less than 70nm devel opnment of an EUV exposure

appar atus t hdtn rhkeseasuSReor valpiasmt tlaser pasiaidnghtd shertgosition
generate an EW (Extreme Utraviolet) light in a soft X-ray range
(e.g. a waveldngiafsrarigads dthT o tE mycody abimes st otfler the
reflection reductl on optical system designed under the exposure

wavel ength (E¥LECFESmthats tife FerABaan AImk the Fdeavmyeeing t he

EUV exposure appar at u t he arra ich scann exposure i's
ARl Pl T e P (i
Ele:fcalr ar f %ZSarg gl 'rtm 8@098?3% 0{}% i%gn%%%m%ﬂ% tesrae&gﬁmﬁ&%he

pr esent |nvent| on can a e Sul t0 Ssuch an ex

appar at us. Basifges p%gqftlash %HRﬁfc%th%rrtJ]:e onﬁ%%&dxﬁ\&%ﬁtd%tﬁ% Y5%ne
be applied to an exposure apparatus that uses charged 5 particle
beanms such ameas ®ea@dmtoRabeam 6f e ic@rdIRApreviously described, main
controller 20 changes wafer stage WST into a plurality of
different attitudes, and for each attitude, in a state where
15 the attitude of wafer stage WST is maintained based on the
measurement results of interferometer system 118, moves wafer
stage WST in the Z-axis direction in a predetermined stroke
range while irradiating a detection light from head 64 or 66
of the encoder on the specific area of scales 39Y;, 39Y,, 39X;
20 or 39X¥;, and samples the measurement results of the encoder
during the movement. According to this, change information
{for example, an error characteristics curve as shown in the
graph in FIG. 12) of the measurement values of the encoder
corresponding to the position in the direction (Z-axis
25 direction) orthogonal to the movement plane of wafer stage
WST for each attitude can be obtained.
Then, by performing a predetermined operation based on
this sampling result, namely the change information of the

measurement values of the encoder corresponding to the



Further, in the enbodi nent above, a transm ssive type mask (reticle),
which is a transm ssive substrate on which a predeterm ned |ight
shiel ding pattern (or a phase pattern or a light attenuation pattern)
is formed, is used. Instead 10 of this reticle, however, as is
disclosed in, for exanple, U S. Patent Na446, 778, 257, an el ectron
mask (which is also called a variable shaped mask, an active mask or
an i mage generator, and includes, for_ exanple gi tal

M cromirror BAe)On it Wla§e§ F?ﬁ@eo‘fs% Jﬁbﬁhé’;'r?séixéﬁ é%@crﬁa@ef% each

di splay d t the | whi ch
i oht -1 v anem AT NG (BT SRRt A9 R O a#io”raﬁc'st‘éloaﬁ

pattern is fgchan rgﬁcgsloorrgl&g g q+ %%Pé}r\&tdax}afﬂ.@efs tcng &J&at IS

to be expose e use e case usi ng a varlable

shaped nask, ftagecr?eo UL W s 12 J.Vi'?fcﬁ_'rmaqﬁcﬁ’l HasmilAl&age
i s nounted noves relatlv y with respect to the variabl e shaped nask,

by driving thsStiagchdasedmenstensasdi esentoval @chdifdlai@;l@ﬂC@HQI’stage
and each correction information previously described while nmeasuring

t he positi on mofsitthieorstagecesl agr ¢ heeneodsrors ystfemmand 025 perdarmdatg ng
the |inkage operation between a plurality of encoders prevjously
described, arfrheqirearermeatferrons athehemnsdidrandudese s belatboy ehemge
be obtalned Furt her s disclgsed in, for exanple, the
panphl et of |k%ﬁté+er%ﬂ FB% eaﬁhﬁ@é&ﬁ B KD LIV 20D BS3TBACNERE riesdiion

163 invention can be .a ied to .an -exposyre, apparatus
(lI'i t hography S)PS dsﬁqchartmjfrgq? Bfl%esja??olesﬁ%% tterns on a wafer by

f orm ng i@terferen%%rQ%!qge§ % G 1Glen LMOE ROMEL 1 A€ ?rg%éiﬁing the

i nvention can al so be applle an exposdre appar at us

synthesi zes taMy et G2 ﬁatotra{a&ao@ﬂa%o%f CEoY & B1RFAL BEYI O Mdscaéhat
system and al nost si nul t aneously perforns doubl e exposure of one shot

area on the wairei direootRe seahsgdaxiasusechass, Sodisscgsed ampldriity
exanpl e, Kohyo (published Japanese transl ation ‘of
of Y heads 64 that configure head unit 62A, a detection light
is irradiated from each Y head 64 on the same specific area
15 of the corresponding Y scale 39Y; and a sampling is performed
on the measurement results of the encoder described above,
and because the correction information of each encoder
configured by each Y head 64 and Y scale 39Y; is decided based
on the sampling result, by using this correction information,
20 a geometric error which occurs because of the gradient of the
head can also be conseguently corrected. In other words, when
main controller 20 obtains the correction information with
the plurality of encoders corresponding to the same scale as
the object, it obtains the correction information of the
25 encoder serving as the object taking into consideration the
geometric error which occurs by the gradient of the head of
the object encoder when wafer stage WST is moved in the Z-axis

direction. Accordingly, in the embodiment, a cosine error

caused by different gradient angles in a plurality of heads



10 International Publication for Patent Application) No. 2004-519850
(the corresponding U. S. Patent No. 6,611, 316). Further, an
apparatus that forns a pattern on an object is not limted to the
exposure apparatus (lithography system described above, and for
exanpl e, the present invention can 15 al $¢5be applied to an apparat us
that forns a pattern on an object by an ink-jet nethod.

I ncidental ly, an _object on which a pattern is to be fornmed (an object

subj ect to expo&d® PEEWHPRRTARCEnerr Wedim iR STy AddR ¥ ERGLERE tdres not

mbodi ment ahove | t linited t 20 waf d be ot h
obj ect s such % & §F asa°BT at's, "o EEPHAE " SUDSH %R F I RERBE LSS

a mask bl ank.; an en‘lgbedetisq:aqjs%%?)yf&ﬁﬁefsatg&q:ui%ﬁgrp?eoﬁeéﬁ ot limted

only to the exposure appar at us condtct or

devi ces, but (e fHasantcitiMens Aheakbal s Rgavdely, apldied Rp iR
an exposure apparatus for transferring a liquid crystal display

devi ce pabt ergordcr i eafangeltabngs assl Pt By &AN0 rate8XPEiseIi:asurement
apparatus for producing organic ELs, thin-filmnagnetic heads,

i magi ng devi cexrqrsichmas:OCs)Ng nwi ohdcht nes priaN&ndts pse darte rtilveration
|l ike. Further, the present invention can 164 be applied not only to
an exposure &fpahst POSLELOpr 6GNELRG Rrerode9nces sachrastage WST. That

sem conduct or, devi ces, but can al so be applied to an eg)o,sure
appar at us t hatSrt S & Smpadiimant pfedr Pt B Tl e St as to

silicon wafer_to nrsocjauec Oa reticle 5 %r Slfe used in a l. ex[)?gLsure
appar atus, arf SXPosure apparat et -réifoéfpogiﬁreejé%’%tred:t >%n
el ectron eam ratus, i . | ncj 1y,

t he nnva%?e bggy gr %gf&%ﬁgﬁ]h%%ﬁe%%\}}a %e ebgggyf)drqfvghr?eﬁg%%tor? slft%'écem

deci di ng net hed 9f obRarpies e tAE HeWeRHien CanNchgearR16d AL LRk 1e,
to the exposure apparatus, but can also be applied wdely to other

substrate preeesidig aapparfRimeas swih e adastfen@aivalaRRaic the a
substrate inspection apparatus and the like), or to apparatuses
equi pped w t ereotsablyetieodgasubh asmpus¢édgerddhad ormves whishiacteristic
information (for example, including the slant of the head
15 and/or the optical properties and the like) of the head unit.
Incidentally in the embodiment above, the case has been
described where main controller 20 measures the positional
information (including the 6z rotation) of wafer stage WST
in the surface {(movement plane) parallel to the XY plane using
20 three heads (an encecder) of the encoder system, and the
position of wafer stage WST in the XY plane is controlled,
based on a measurement result of the positional information
and positional information ((X, ¥Y) coordinate value) of the
three heads (the irradiation point of the measurement beam)
25 in the movement plane used for measuring the positional
information, however, the present invention is not limited
to this. For example, in the case when a movable body is not

allowed to rotate within the movement plane, the degree of

freedom that the movable body has is only two degrees of freedom



15 two-di nensional plane such as a position setting apparatus for
specinmen or a wire bondi ng apparatus in other precision nmachines.
Further, the exposure apparatus (the pattern fornmation apparatus) of
t he enbodi nent above is manufactured by 20 assenbling various
subsystens, which include the respectivelgenstituents that are
recited in the clainms of the present application, so as to keep
predeterm ned nmechani cal accuracy, electrical accuracy and optical

accuracy. |In Otdér &8 &herevenrite BldmicouboRPNES  oF hadRERIRIL IgBtesYte.on
and after the assenbly, .25 adjustnent to achi eve the optical agccura
Tor arious GATBH Aeplig SR HOLMITE 3 FARaT oTLAEne SnotRaR ok Suc a

accuracy for ¥ard ous JPGRANGEAL SYs! 895 ang, Aok uSLIBRL 10 ALNeNe o0

the el ectrical "accuracy for “various € ric Systéns af € perforned.

process of asse/d | e & PtkS YRSYSURTE d G e 360 ﬂl%e%?(ﬁcés‘!:][o%trolled

apparatus includes nechanical connection, wiring connection o

el ectric giraidirsy aﬁieﬁidtg:lélqnﬁgﬁisii(ﬂg ohe IRSSHR BbECHLbBal AR IR tion
| i ke anong various types of subsystens. Needl ess to say, an assenbly
process of 5 dmgbeidiahadubsystreatisn pef tarheldebafior € heheopaees plehe,
assenbling the various subsystens into the exposure apparatus. Wen
the process of hHsgebldnesitre negitoim sudystlerhedones thws ssiXposur e
apparatus is conpleted, a total adjustnment is perfornmed and various

ki nds of accuracy d&ERENddtlilYe éRpostcElroligpdr abaycarehe @agsegenent

por T orned | 1A GIE Y R TP A AT COLHE (yree g o the

| | i | ] it 1 ol . 1 N .
i ot osur s o e al FeR T e SRt Boea e
|nternatiOnakdﬁﬂ@ﬂéégé(¥$%’tﬁ%ﬂm%%@uyegeneaéngrA@Eé'E@“ﬂﬁg]position of

Publ i cati on descriptions and the U S. Patent descriptions that are

cited in the teiiyEIti aboue NG f alrad et 4 AXROSE R ARAJIRNUSES ANGE
the Iike are each incorporated herein by reference.
the head, however, the present invention is not limited to
this, and, for example, the target position to which wafer
15 stage WST is to be positioned can be corrected based on the
correction information, while driving wafer stage WST based
on the measurement values of the encoder system. Or,
especially in the exposure operation, the position of reticle
stage RST can be corrected based on the correction information
20 previously described, while, for example, driving wafer stage
WST based on the measurement values of the encoder system.
Further, in the embodiment above, as the positional
information of the detection point of the head, the position
in the direction besides the measurement direction or the
25 positional shift amount from the design value is obtained,
however, in the measurement from the second time onward, the
amount of change (that is, the positional shift from the

previous measurement value) of the position of the detection

point of the measurement this time from the position of the



20Next, an enbodi ment of a device manufacturing nethod in which the
exposure apparatus (pattern formati on apparatus) described above is
used in a lithography process will be described. FIG 36 shows a

fl omchart of an exanple when 25 manufacturing a device (a

sem conductor chip such as an I1C or an L®t7 a liquid crystal panel, a
CCD, a thin filmmagnetic head, a mcromachine, and the like). As is
showmn in FIG 36, first of all, in step 201 (a design step), function

and perfor naﬁjc?ete(fé’écﬁhp%}f-n’é foram E%e(%li%oa)ss @ﬁ@%ﬁr?m%&qﬁ Be obtggned.
duct d f tt d 0 real e the
Function 1. peridisien SiTte S0 2 S R Sl S Dhmsk
d L.t
P nza%“céﬂ%ﬂe{n?'%eg%% Lba%o% R
are manuf act Wt Usidyg B Al SUChAS! SidddMetion of N%t dd e &g

204 (a wafer processing step), the actual circuit and the |1 ke are

fornmed on5t heosaftebtbyhki b8 agHy it ddemebke remeatngange whatusdd Ifor
be described later, using 10 the mask and the wafer prepared in steps
201 to 203. Thendirecsiep 2GHdes tewimcasassamitydstep)jodeaviccehe design
assenbly is performed using the wafer processed in step 204. Step 205
i ncl udes prodedses vaschises ther dihg mpasioeawnt g Ssdridimg hovsoess, the
and the packagi ng process (chip encapsul ati on) and 15 the |like when

necessary. PTresen gpveptiqq ﬁ%&%é%q &e &g §t“é?b)the position
| opecti one SeDy%,Ae RELILLON et { P helie AUesbl L K besh A,
Processesy t@%f&é@ﬁﬁﬁ Qﬁgprgwgﬁgqgﬂﬁﬂgtﬁé%dﬁyﬂﬁgﬁgf&%formatlonwhlch
was actually measured can be used instead of the design value
previously described. The positional information of the
detection point of the head which was actually measured can
be used in a process besides the linkage process, such as,
i5 for example, the correﬁtion.of the encoder measurement value.
Incidentally, in the embodiment above, when the wafer
stage is moved in the X-axis direction, for example, the
switching of the head and linkage process of head unit 622
and head unit 62C is performed simultaneously, or a part of
20 the process is performed in parallel, however, the process
can be performed in head units 62A and 62C at a different timing.
In this case, for example, the distance between adjacent heads
is to be the same in head units 62A and 62C, and the position
of head units 62A and 62C placed in the X-axis direction can
25 be shifted.
Incidentally, in the embodiment above, an invention
related to the switching of the head of the encoder and the
linkage of the measurement value, an invention related to the

correction of various measurement errors (e. g., head position



20 FIG 37 is a flowhart show ngs detail ed exanple of step 204
descri bed above in the case of sem conductor devices. In FIG 37, in
step 211 (an oxidation step), the surface of the wafer is oxidized.
In step 212 (CDV step), an insulating filmis formed on the wafer
surface. In step 213 (an electrode 25 fotmdati on step), an el ectrode
is formed on the wafer by deposition. In step 214 (an ion

i npl antati on ,stee%?, ions are inplanted into the wafer. Each of the
above steps 2MEUEEESFF T4 LHES iR Ahel PG5 &80T m heah ididyped

o ! o1, D OSS3RING, 80 LR ROFERISE LB PEETIN 18 FICEEE A0 dcen,
P00 Bt e FeESL AR A1 R, BBEETHLAD oPESL BEORAES 3yom

215 (a resi stirp fraldmRtiHRn fﬁiﬁ&)ion 2IMAUNS IS itheV § B8N s taFy L AL e
the wafer. Then, in step 216 (an exposure step), the circuit pattern

of the mask iehdodeisgsted want ot d heedahek fyrd RELeXRASIEwaAPRAleXdSinge,
(pattern formati on apparatus) descri bed above and the exposure mnetho
(pattern formet iiorwemstimod)rellzdresbfto Nvet swWlildinirst epn?ihigy (im which the
devel opnent step), the wafer that has been exposed is devel oped, and

in step 218 (& tathdlich @rstraiionam fextpes el ansidser(hefaddn iar exesthi@d at a
than the area where resist remgins is renmoved by etching. Then, in

step 219 (a rediidg Fé’nﬁ\ﬂqﬁlrﬁnéﬁ)%t%ﬁ”&hcm%ﬁ%%@& SOEFralhet the
resist that 15 4s nq_|onger necessary i,s renoved. By, r.epeat edl
per f or ni ng tﬁ’eaflﬁrre-sgcl’a Sgs$Thnd {EHPFEREEE Hhg |Spﬁréeyddﬁlreg G ne

patterns @{ ﬁ esfvgg:'%ﬁ%lgjg 48 n\’(ﬁafbedrseqséénu ?tl;l%g @M CR uhr%%u fac tt:ll’lreie Wfer

met hod o i ment “descri ove, because 't exposur

apparat us ( pattsfen aher md QN @PRAR U died %terﬂgpctiﬁ@e@an?eb%\sﬁa i rl}.g:e

t he exposure nethod (pattern fornmation nethod) theéereof are use
t he exposur e aglpepratsiep Bdfrveexpohytse Phidnbighs tduroughpWetaizdelone

performed while maintaining the high overlay accuracy.
or in any combination.
Further, one or a combination of two or more of the stage
15 position induced error, head induced error (the measurement
error of the encoder system that occurs not by the head position
but due to the head unit as in the inclination of the head
or the optical properties (such as telecentricity}}, and the
scale induced error can be performed, combined with the
20 correction of the head position induced error.
Incidentally, in each of the embodiments above, in order
to simplify the description, main controller 20 had control
over each part of the exposure apparatus such as the stage
system and the like, however, the present invention is not
25 limited to this, and it is a matter of course that at least
a part of the control performed by main contreoller 20 can be
shared with a plurality of controllers. For example, a stage

controller, which controls wafer stage WST based on the

measurement values of the encoder system, the Z sensor and



25 Accordingly, the productivity of highly integrated m crodevices on
which fine patterns are fornmed can be inproved. | NDUSTRI AL
APPLI CABI LI TY 168 the novabl e body drive nethod of the present
invention are suitable for driving a novable body within a novenent

pl ane. Further, the pattern formation appagatus and the pattern
formati on nethod of the present invention are suitable for 5 form ng

a pattern on an object. Further, the exposure apparatus, the exposure
met hod and t Hdiedévites femeneacrusysgemet hot b aheapgedcin dnarafd ewmder
are suitable for manufacturing mcro devices. Further, the,

cal i bration m&RoECBErghlercdder FoFthRE pries ARt rAY dhEtonain contadiler
for calibrati of the 10, setti osition .of .the head of the

encoder . 16£§%nCIPﬁ rms does nfpﬂgﬁperﬁﬁlsasoa}reﬂﬁ’oa‘ﬁf‘v(ﬁ ir{\Peq”r?et 3738 9MRYe h
a movabl e body, s, 4id vep ALARIoBEURS! BOLT AL Ye P £ GIIINGL A ANG 1 g
the 5 nmet hod conpri sing: a drive process 1n [ positiona

information Qf -bRABuABYEDL &G POAY Hat BethrSle PRGH1¥M b MBAS W RS roller
using at |east one first head of an encoder systemthat 1ncludes a

plurality of 20 ¢steditadiSenht €bniof 86hales ta JTEay enENiskeat 08 cdntrol
grating 10 whose periodic direction is the first direction parallel

to the pl ane aangmeadeingds tdesdedmd.romthe grating and i s arranged

in adirection intersecting the first direction, and the novabl e body
is driven al ong t héngligeataBdyedtlvh cankeasgpsientaneshetrlgfcamant of the

positional information and positional L
encoder system, the interferometer system, the multipoint AF

10 system, the Z sensor and the like in the embodiment above is
an example among many, and it is a matter of course that the
present invention is not limited to this. For example, in the
embodiment above, an example was indicated of a case where
the pair of Y scales 39Y; and 39Y, used for the measurement

15 of the position in the Y-axis direction and the pair of X scales
39%; and 39%; used for the measurement of the position in the
X-axls direction are arranged on wafer table WTB, and
corresponding to the scales, the pair of head units 62A and
62C is placed on cne side and the other side of the X-axis

20 direction of projection optical system PL, and the pair of
head units 62B and 62D is placed on one side and the other
side df the Y-axis direction of projection optical system PL.
However, the present invention is not limited to this, and
of Y scales 39Y:; and 39Y, used for the measurement of the

25 position in the Y-axis direction and X scales 39X; and 39X%;
used for the measurement of the position in the X-axis
direction, at least one of the scales can be arranged
singularly on wafer table WTB, without being a pair, or, of

the pair of head units 62A and 62C and the pair of head units



15 information in a surface parallel to the plane of the neasurenent
beamemtted fromat |east one of the first heads used for the

measur enment of the positional information. 2. The

novabl e body drive nmethod according to Claim1 20 wherein t he
grating is placed on a surface of the noygpl e body substantially
parallel to the plane. 3. The novabl e body drive nethod
according to Caim2 25 wherein on the surface of the novable
body, a grati®?$ PedpbaPedat ukenek mire afhsde pertodnttei¢aticomriranged,
second directi,on that |ntersects the first direction and is_paral] el

to the planeSidfylariy- Furthege %Saéﬁnﬂf@fl@}ﬁrf%ttwOfﬁa%ﬁ%%l%and

I I f head h di t b th
G at [ ng. whosd eP PO LTt BGEFGT e Phot GRBRNT a LetT on " WalHveEe

Lhe e G, B LHEB0LA. 1 RPOC IR UL, RAPIORAL: S BT L FRLL O Sl cne

t he second dlrectlon the nov

process 0§ t@ea&ﬁ%a@HQeQQQ$n E%Sthboeﬁboﬁﬂﬁ@ﬁHBQBQGeOfaﬁ&“iﬂnﬁéﬁﬂﬁ% any
body in the surface parall to the plane is neasured using the at

| east one fi Kdtreheddrane atoﬂgeaasat toRe deeeid Jdigad.n G ddie gmraltter.
body is driven along 10 the plane, based on the nmeasurenent results
and posi ti on&unthfear, methicopeofi celich dirasuriemermtt héamdif firke tdonf aceting
parallel to the glane emtted fromthe at |east one first head and

the at | east C@fle P§edofdraeadonisuthqrenabvid| 0body-atrdant ims ddh) the

according to any one of Clains 1 to 3 wherein ,
longitudinal dlrectlon of each scale, and in such a case, a

10 plurality of heads of the corresponding head unit should be
placed in a direction orthogonal to the periodic direction
of the diffraction grating. Further, each head unit can have
a plurality of heads placed without any gap in a direction
orthogonal to the periodic direction of the diffraction

15 grating.

Further, in the embodiment above, the case has been
described where the grating section (the X scale and the Y
scale) was placed on a surface of wafer stage WST parallel
to the XY plane, cor to be more specific, on the upper surface,

20 however, the present invention is not limited to this, and
the grating can be placed as a matter of course on the lower
surface of wafer stage WST, as well as the side surface, or
a head can be arranged on the movable body side such as the
wafer stage, and the a grating (a two-dimensional grating or

25 a one-dimensional grating section placed two-dimensionally)
can be placed external to the movable body. In this case, when
a Z sensor is also placed on the upper surface of the movable
body, the grating externally placed can alsc be used as a

reflection surface that reflects the measurement beam from



in the drive process of the novabl e body, the novable body is driven
al ong the plane, while conputing positional information of the
novabl e body in the surface parallel to 20 the plane using the

rel ations of the affine transformati on based on a measurenent val ue
of at |east the two heads of the encoder 1system and positional

i nformati on of each neasurenent beamin the surface parallel to the
pl ane emtted fromthese heads. 25 5. The novabl e body drive
met hod accor difty 4 c°¥H§P%ne of Clainms 1 to 4, the method furt her

conprising prior t he, dr.i v roces a conputing process in which

based on a measur e(r)FéPﬁ elﬁ?ll”of r?é‘&??ﬁé‘f?é}ﬁ iSe GGt 1on

nmeasures a rat n =N nnvabl bod the surf par IIeI
rﬁ}drqpataic%* %ltcf:y ror%o%nd) Y wdker ﬁs(i[ %

to the pl ane, e nmova a pred

the surface paraldelod Qag}ﬁ'eapé@f'@d 0, based, 9he P%gt%:{on O?éf b3S v}ée\rer,

of 5 each of the heads after the ro ation and 1 nfor

predet er %ne@@ngi)@nmur@{b %ﬂ&ﬁﬂ@%lﬁi@%arﬂ@é ot PO 1 O3 the
informati on of the neasurenent beamenmtted fromeach of the heads

used for posintdasn ol vaifuddieo froniaiier ottHen o idt reefCtd erensors 74; 5
orthogonal to a neasurenent direction of 10 the neasurenment beamis
conput ed. or 76g,q.Ther povibi 2 hddy héaidvenires Hoth ancobd@Cngf e eGamiphe,
4 wherein as the neasurenent device, an interferoneter

havi ng a 15 PN 813838 VF OfeaPaieneht? SK@s80rs qa@e}ae arranged7inpyoximity

movabl e body drl \a/[ghrgat hc([)d fa}(%ggéq{nnl s gZ]%maenc?fGZ%I ailqu t%eaggtghmgra%o%nt

10 can be cobtained from X scales 39%; and 39X, and the measurement
value of the Z sensors that face the scales, respectively.
Accordingly, it becomes possible to measure the positional
information of wafer stage WST in directions of six degrees
of freedom, or more specifically, the X-axis, Y-axis, Z-axis,

15 Bx, By, and 6z directions using the encoder and the Z sensor
previously described, without using interferometer system 118.
The measurement of the positional information of wafer stage
WST in directions of six degrees of freedom using the encoder
and the Z sensor previously described can be performed not

20 only in the exposure operation but also in the alignment
operation and/or the focus mapping operation previously
described.

Further, in the embodiment above, wafer stage WST was
driven based on the measurement value of the encoder system,

25 for example, in the case of exposure, however, for example,
an encoder system the measures the position of reticle stage
RST can be added, and reticle stage RST can be driven based
on the correction information that corresponds to the

measurement values of the encoder system and the positional



in the drive process, as the positional information of 20 the

measur enent beans emitted fromeach of the heads, the positiona

I nformati on conputed in the conputing process is used as positional
information for a direction orthogonal to a neasurenent direction of
t he neasurenent beam and design positionabk information is used as

posi ti onal

information for 25 the neasurenent direction. 8. A

pattern formation method, conprising; a nount process in which
an obj ect is TOUMRIL B Lhovad| eebbale tHiaagealn nidve 1ondienvererent

pl ane; and

driven by th
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a drive process, in which the novabl e gody S
of

d ai l1to7, tof t.t to the .object. 59. A.device
_rraﬁlupgct ur ?ng ma'? hoEglrIi_rEnhg r{.}gilnngrtre]l1 epg Wbe(‘f%%éd}eﬁgrﬁk?oovne ’prt&:eescsa%é}aéﬁ peen
in the patterdedOrfBld O P OCETS o LA EEE M & Se&%ﬁﬁc—frjnd gdnlt‘%g S04 effyeq

using the pattern formation nethod "according to

10. An exposuysei et yad ilgAmehiCy St SRS foh® PRI 98c8AAAPY el dient
an irradi ati on of an energy beam wherein

10

15

20

25

systems, and alignment marks arranged in the 16 alignment shot
areas on the wafer are detected by the sequence according to
the five alignment systems. However, the secondary alignment
system does not need to be movable, and, further, the number
of the secondary alignment systems does not matter. The
important thing is that there is at least one alignment system
that can detect the alignment marks on the wafer.
Incidentally, in the embodiment above, the exposure
apparatus which is equipped with measurement stage MST
separately from wafer stage WST was described as in the
exposure apparatus disclosed in the pamphlet of International
Publication No. WO 2005/074014, however, the present
invention is not limited to this, and for example, as is
disclosed in, for example, Kokai (Japanese Patent Unexamined
Application Publication) No. 10-214783 and the corresponding
U.S. Patent No. 6,341,007, and in the pamphlet of International
Publication No. WO 98/40791 and the corresponding U.S. Patent
No. 6,262,796 and the like, even in an exposure apparatus by
the twin wafer stage method that can execute the exposure
operation and the measurement operation (e. g., mark detection
by the alignment system) almost in parallel using two wafer
stages, it is possible to perform the position control of each
wafer stage using the encoder system (refer to FIG.3 and the

like) previously described. By appropriately setting the



for relative novenent of the energy beam and the object, a novable
body on which the object is nmounted is driven, using 15 the novable
body drive nethod according to any one of Clains 1 to 7. 11.

An exposure nethod of exposing an object with an energy beam the

met hod conprising: 20nounting the object 188 a novabl e body that can
nove at least in a first and second direction orthogonal in a
predet er mi ned pl ane, and controlling a position of the novable
body in the plegeamath maf pleHth s eap &h s ureiemot ety cimofthe
an 25 encoder system which has one _of rating section and a head
unit arr ange®BIP S uPPEEE L IP I PE" ﬁ&\?é’b‘?‘égb%%}%@?%s’tlﬁ%m%’a}ié:lﬂeriastlonf
nmount ed and ttthee t her_.al so arrar ged._f aci ngfatoﬂee%fss rface of .the novabl e

gsition cc%n orf 3de rﬁ)%tﬁee RS ori'r[hed

body and al so nmeasures positiona 'Ot _
the pr edet er ripd. ﬂiﬁqet%t%?o?gﬁ% %H@hde%é}f@éﬁ??r&@?agéﬁ % cribed,
sectlon armngaplura _tyo _easo t he he unit, ana positiona
i nformati en ofowedat eat heRdPeht ©hat heyrherdudsadad o ng hen deasihAn® Nt
in a surface parallel to the predetern ned plane. 5 12. The
exposur e net hgek mcciairdicag Ho aClrantetl] sdededttely from the Heesd ©thoBsof62a
t he novabl e body is controlled to conpensate for the neasurenent
error of the tend@der prgstiemstivadesceibsddueFtvn @xaoslej ofowr head units
di spl acenent of the detection . ,
can be placed in the shape of a cross with one or two alignment
systems in the center, and during the measurement operation
10 above, the positional information of each wafer stage WST can
be measured using these head units and the corresponding scales.
In the exposure apparatus by the twin wafer stage method, at
least two scales each are arranged in the two wafer stages,
respectively, and when the exposure operation of the wafer
15 mounted on one of the wafer stages is completed, in exchange
with the stage, the other wafer stage on which the next wafer
that has undergone mark detection and the like at the
measurement position is mounted 1s placed at the exposure
position. Further, the measurement operation performed in
20 parallel with the exposure operation is not limited to the
mark detection of wafers and the like by the alignment system,
and instead of this, or in combination with this, the surface
information (step information) of the wafer can also be
detected.
25 Incidentally, in the embodiment above, the case has been
described where Sec-BCHK (interval) is performed using CD bar
46 on the measurement stage MST side while each wafer is

exchanged on the wafer stage WST side, however, the present

invention is not limited to this, and at least one of an



10 point. 13. The exposure method according to one of C ains
11 and 12 wherein positional information of the detection point

I ncl udes 15 positional information in a direction orthogonal to a
measurenent direction of the positional information of the novable
body by the head. 14. The exposuresaet hod according to Claim
13 wherein 20 the plurality of heads are placed apart in a direction
orthogonal to the neasurenent direction, and in the encoder system

t he head used ¥R GR AT iy digaTHaheie otaihdg Y lonifeance
position of the novable body i,n_.the direction orthogonal to the

measur ement dQITECH G Dy aeTial YEIGHEASHISLTE it KBHT AR E TG Hion

" ormat i on ST Hieddaer ThBemiaRacan B GRe: FosTe on: Mot Napeur ing
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poi nt . . e exposure

nmet hod acgor diHeg mle@ sHPERRE: tOfr Gt canlbet P PeWBBHCIRA the exposure of
the wafer performed later on. Tobe more concrete, for example,
projection optical system PL can be adjusted by adjustment
device 68 based on the measurement results.

Further, in the embodiment above, a scale can also be

10 placed on measurement stage MST, and the position control of
the measurement stage can be performed using the encoder system
(head unit) previously described. More specifically, the
movable body that performs the measurement of positional
information using the encoder system is not limited to the

15 wafer stage.

Incidentally, when reducing the size and weight of wafer
stage WST is taken into consideration, it is desirable to place
the scale as close as possible to wafer W on wafer stage WST,
however, when the size of the wafer stage is allowed to increase,

20 by increasing the size of the wafer stage and increasing the
distance between the pair of scales that is placed facing each
other, positional information of at least two each in the
X-axis and Y-axis directions, that is, a total of four
positional information, can be measured constantly during the

25 exposure operation of the wafer. Further, instead of
increasing the size of the wafer stage, for example, a part
of the scale can be arranged so that it protrudes from the

wafer stage, or, by placing the scale on the outer side of

wafer stage main body using an auxiliary plate on which at



the object is exposed by the energy beamvia a nmask, and at the tine
of the exposure, the position of the mask is controlled based on
positional information of the detection point to conpensate for the
nmeasurenent error of the encoder 10 systemthat occurs due to the

posi tion or displacenent of the detectionspoint of the head, while
driving the novabl e body based on the neasurenent information of the
encoder system 17. An exposure nethod of exposing an
object with afaEy & Fraieams A aRsIStod enmskiissiange hsimeeaiy thee pair
obj ect on a novabl e body 1 hat cag?nnve at least, in a first, and second

direction or tHogBRaNYi FF&H ¢F £481 ¢ AMFEEIRcthes T idsrint pRtteRARove.

informati on of the lLe hody, 20 usi an_encoder syste i ch has
one of a grating seEgE?ri\égl%rén&na%Rga u%ﬁq?m%?ir:a‘%%%‘aebnl% T ace &F TiRat

novabl e body 4Miens 4h& s eqt t%%ﬁo%%d'f@%c%h&%rcf éaﬁ%égn@f rpged on

facing the surface of the nova y and neasures positl

informatien off &he rMable tedy 1i, neéhean ese! 6f MaArd: Bk ane2p oW ]Esh:afies

head that faces the grating section anong a plurality of heads of the

head unit; am®Y; and 3%gntanal Xizag ltehe3 pPRSahdBO0f, fHe cxpvallee badytiing
t he predeterm ned pl ane, based on correction information to

conpensat e f®@an ke rgasiireshemt tdre gunfadehes ercoder aystremtl 2B adiatthe
occurs due to the position or displacenent of the detection point of

the head usedfdradtd AfeasaE EHE O Tah ¢ OVSASTH BFR FEN PR 6 FaNEeA -of TR K&Ls

m_518. Th r h rdi.n im/17
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10 exposure apparatus, a liquid repellent protection film can
be coated on the scale (a grating surface), or a liquid
repellent film can be formed on the surface {upper surface)
of the cover glass. Furthermore, the diffraction grating was
formed continually on substantially the entire area in the

15 longitudinal direction of each scale, however, for example,
the diffraction grating can be formed intermittently divided
into a plurality of areas, or each scale can be configured
by a plurality of scales. Further, in the embodiment above,
an example was given in the case where an encoder by the

20 diffraction interference method is used as the encoder,
however, the present invention is not limited to this, and
methods such as the so-called pickup method, the magnetic
method and the like can be used, and the so-called scan encoders
whose details are disclosed in, for example, U.S. Patent No.

25 6,639,686 and the like, can also be used.

Further, in the embodiment above, as the Z sensor,
instead of the sensor by the optical pick-up method referred
to above, for example, a sensor configured by a first sensor

(the sensor can be a sensor by the optical pick-up method or



the correction information conpensates for the measurenent error of

t he encoder systemthat occurs due to a position or displacenent of
the detection point in a direction orthogonal to the neasurenent
direction of the 10 positional information of the novable body with

t he head. 19. The exposure method according to C aim 18
wherein the plurality of heads are placed apart in a direction
orthogonal to the neasurenent direction, and in the encoder 15

system the KE®USEF ifce ﬂh@pﬁé&@@ﬁ@ﬁeﬁ@n%rm tbﬁ‘édlm@ﬁ% g gprobe
t he position. of the novable bqu qjthe direction orthog ﬁ to the
measur ement JF?@%PPoﬂ measurement o lﬁF T @%ﬁb%ﬂﬁeoﬂﬁ l%c%%ﬁ%ﬁrﬁ?e
to anyone of 9 wh Qs| Itianal inf ti

of the detecfﬁ% %%ﬁ%w OtfhEFll dF?%F%ﬁﬁ%%ﬂ%QJ &élﬁar Sgé&t v #hé?% axls
device, and dlrectlkn?bﬁp %%%qu EQrP@fiQEtéa Pfg%ge¢ic9%§&gégatlon

t he positional 1nformati'on that een detected

21. The egposiH£ kBLRREG %%%Off(ilr@g ben%al Mh20ndher &k s direct{d¥€, and a
det ecti on device includes a measurenment device which is different

fromthe enccederorsysteermdrhgk .ngasanesnposeti andl thaflorkst itda tomdatires
novabl e body in the predeterm ned pl ane,
the displacement of the first sensor in the Z-axis direction
can be used. In the Z sensor having the configuration
described above, amode (the first servo control mode) in which
10 the drive section drives the first sensor in the Z-axis
direction based on the output of the first sensor so that the
distance between the measurement cobject surface, such as the
surface of the scale and the first sensor in the Z-axis
direction is always constant, and a mode (the second servo
15 control mode) in which a target value of the second sensor
is given from an external section (controller) and the drive
section maintains the position of the first sensor in the
Z—~axis direction so that the measurement values of the second
sensor coincides with the target value can be set. In the case
20 of the first servo control mode, as the output of the Z sensor,
the output of the measuring section (the second sensor) can
be used, and in the case of the second servo control mode,
the output of the second sensor can be used. Further, in the
case of using such a Z sensor, and an encoder is employed as
25 the second senscr, as a consequence, the positional
information of wafer stage WST (wafer table WTB) in directions
of six degrees of freedom can be measured using an encoder.

Further, in the embodiment above, as the Z sensor, a sensor

by other detection methods can be employed.



176 and positional information of the detection point is obtained

usi ng neasurenent information of the encoder system and the

nmeasur enent devi ce. 522. The exposure nethod according to anyone of
Clainms 17 to 21 wherein the correction informati on conpensates for

t he neasurenent error of the encoder systemthat occurs due to at

| east one of the head unit and the grating section. 10 23. The
exposure net hod according to Claim 22 wherein the correction

i nf or mati on conpendgatddieor inheheeeredimant abose,othehecrftgdeation of
systemthat occurs due to at_|east optical properties of the head
unit. 15 the ol urpel teg fifs e el PRI ior SRS the oieatudng fdhe2

and 23 Mhereﬂ%sitional information of wafer stage WST and their

combination are not limited to the configuration and the
5 combination previously described. The important thing is

that as long as the positional information of wafer stage WST
in the direction except for the measurement direction of the
encoder system can be measured, the configuration of the
interferometers and their combination does not especially

10 matter. The important thing is that there should be a
measurement device (it does not matter whether it is an
interferometer or not) besides the encoder system described
above that can measure the positional information of wafer
stage WST in the direction except for the measurement direction

15 of the encoder system. For example, the Z sensor previously
described can be used as such measurement device.

Further, in the embodiment above, the Z sensor was
arranged besides the multipoint AF system, however, for
example, as long as the surface position information of the

20 shot area subject to exposure of wafer W can be detected with
the multipoint AF system on exposure, then the Z sensor does
not necessarily have to be arranged.

Incidentally, in the embodiment above, pure water
(water) was used as the liquid, however, it is a matter of

25 course that the present invention is not limited to this. As
the liquid, ligquid that is chemically stable, having high
transmittance to illumination light IL and safe to use, such
as a fluorine-containing inert liquid may be used. As the

fluorine~containing inert liquid, for example, Fluorinert



the correction information conpensates for the measurenent error of

t he encoder systemthat occurs due to 20 at |east one of flatness and
formation error of the grating section. 25. The exposure

nmet hod according to anyone of Clainms 17 to 24 wherein 25the
correction informati on conpensates for thegneasurenent error of the
encoder systemthat occurs due to displacenent of the novable body in
a direction that is different fromthe first and second directions on
t he measur enelftie bpand name of 3M dgiithtk Shedesr earetdrodisator dhag
to Caim25 wherein the different direction includes at | east

one of a di r etV G IIBYHA 1D e Pl ddater A ndtSpl @Feslent from the

rotational 5 d|.rngcft1fon roound %XI s_orthogonal ., to.t.he .%";ageter ned

pl ane, and a'otat Poral® 'W%Sffggﬁ aroﬁlﬁﬁt}é%ga%isstlb%rléﬂué‘l 1gped which
predet er m Ned il aNPeryactiye indefhyi (G BHRAUUES IPHARTLZEE6R U fithd Gr

anyone of C alns wherein
5 higher than pure water (a refractive index is around 1.44),

for example, liquid having a refractive index equal to or
higher than 1.5 can be used. As this type of liguid, for
example, a predetermined ligquid having C-H binding or O-H
binding such as isopropanocl having a refractive index of about
10 1.50, glycerol (glycerin) having a refractive index of about
1.61, a predetermined liguid (organic solvent) such as hexane,
heptane or decane, or decalin {(decahydronaphthalene) having
a refractive index of about 1.60, or the like can be cited.
Alternatively, a liquid obtained by mixing arbitrary two or
15 more of these liquids may be used, or a liquid obtained by
adding (mixing) the predetermined liquid described above to
(with) pure water can be used. Alternatively, as the liquid,
a liquid obtained by adding (mixing) base or acid such as HY,
cs*, KY, €17, 80,7, or PO* to (with) pure water can be used.
20 Moreover, a liguid obtained by adding (mixing) particles of
Al oxide or the like to (with) pure water can be used. These
ligquids can transmit ArF excimer laser 1light. Further, as the
1iquid, ligquid, which has a small absorption coefficient of
light, is less temperature-dependent, and is stable to a
25 projection optical system (tip optical member) and/or a
photosensitive agent (or a protection film (top coat f£ilm),
an antireflection film, or the like) coated on the surface
of a wafer, is preferable. Further, in the case an F; laser

is used as the light source, fomblin oil can be selected.



the correction information conpensates for the measurenent error of

t he encoder systemthat occurs due to inclination of the novabl e body
to the predeterm ned plane. 1528. The exposure nethod according to
anyone of Clains 17 to 27 wherein in the encoder system the
head used for the neasurenent is sw tchedsby a novenent of the

novabl e body, and the correction information conpensates for the 20
measurement error of the encoder systemthat occurs due to o
di spl acement of t h&uFshas eipoblye ismepdinestt pbevehathesrefidtarehtliquid
fromthe first and second directions on the switching. 2529. The

exposure net fBY &f& ARGt Fshyidhed oS GaiSs A £ ild 7 Widdr dishoves n

LR encoder SR IE AR AL LR, TRARHASTE Yo S e
shoul d be ”EQ§P%9qﬂabfﬁ f%@%very device, a recovery pipe or the like.
5 Further, in the embodiment above, the case has been
described where the exposure apparatus is a liquid immersion
type exposure apparatus, however, the present invention is
not limited to this, and it can also be applied to a dry type
exposure apparatus that performs exposure of wafer W without
10 ligquid (water).

Further, in the embodiment above, the case has been
described where the present invention is applied to a scanning
exXposure apparatus by a step-and-scan method or the like.
However, the present invention is not limited to this, but

15 may also be applied to a static exposure apparatus such as
a stepper. Even with the stepper or the like, by measuring
the position of a stage on which an object subject to exposure
is mounted by encoders, generation of position measurement
error caused by air fluctuations can substantially be nulled

20 likewise. Furthermore, even with the stepper, it becomes
possible to set the position of the stage with high precision
based on the measurement values of the encoder and each
correction information previously described, and as a
consequence, it becomes possible to transfer a reticle pattern

25 onto an object with high precision. Further, the present
invention can also be applied to a reduction projection
exposure apparatus by a step-and-stitch method that
synthesizes a shot area and a shot area, an exposure apparatus

by a proximity method, a mirror projection aligner, or the



head after the switching is decided, based on positional information
measured by a head before the switching and positional information of
novabl e body in a direction that is different fromthe first and
second directions on the 5 swtching. 30. The exposure net hod
according to C aim29 wherein posiitponal information which
shoul d be neasured by a head after the switching is decided so that
the position of 10 the novabl e body is nmintained before and after
the switchindii¥nhd the positional information that has been decided
is set as an initial %ﬁ%ye of positional information neasured by the

head after the swi fdfimH§GRo Hifamadnd fFsStlioghat ithcoMRissT om apdical

bl e body | i Ly linked bef d..af 5 th .
wi tching. St AR e pge e ABEROACHRCHF iy T A e Fove 1S

dainms 28 to(fboc \ggﬁ&e%grgduction é{;‘&&hr %}ﬂ UL Qﬁ%o! Bedéigﬁéfh@en fequle

the first and se irections on the switching includés

rotationab difRe1IiGA AN e dH et LBRBk PR & ystem, am?pr i
exposure mnet ho acf(%lrdqlqngﬂteco any one o@d%lﬁg f? to 27 ﬁe%-giﬁﬂﬁe(:t on
25posi ti onal dptficraipkiverteaf PLhes maabhe ybodyi dpt dihe skistem, dbfiectd®mlso
the second direction, and in the rotational direction in the

pr edet er m nedvrepledriders argshored vy satstlemastr tahroee: dvbants: tilats yisdeen,t kend
grating section anong the plurality of heads, and also by the

nmovenment of tife ags\igbian bddie rusectrsl image may be either an inverted

image or an upright image. Moreover, the exposure area to

10 which illumination light IL is irradiated via projection
optical system PL is an on-axis area that includes optical
axis AX within the field of projection optical system PL.
However, for example, as is disclosed in the pamphlet of
International Publication No. WO 2004/107011, the exposure

15 area can alsobe an off~-axis area that does not include optical
axis AX, similar to a so-called inline type catadioptric system,
in a part of which an optical system (catoptric system or
catadioptric system) that has plural reflection surfaces and
forms an intermediate image at least once is arranged, and

20 which has a single optical axis. Further, the illumination
area and exposure area described above are to have a
rectangular shape. However, the shape is not limited to
rectangular, and can also be circular arc, trapezoidal,
parallelogram or the like.

25 Further, the light source of the exposure apparatus in
the embodiment above is not limited to the ArF excimer laser,
and a pulsed laser light source such as a KrF excimer laser
(output wavelength 248 nm), an F; laser (output wavelength 157

nm), an Ar; laser (output wavelength 126 nm), or a Kr; laser



t hree heads used for the nmeasurenment are switched to three heads

whi ch include at | east one head different fromthe three heads,

wher eby on the switching, positional information which should 5 be
nmeasured by at | east one head anobng three heads after the swtching
which is different fromthe three heads hegfore the switching is

deci ded, based on positional information neasured by the three heads
before the switching. 1033. The exposure nethod according to Claim 32
wher ei n (oyamit Wenallengtdr kit inen wak cin siéalach behnproess ede mergury
| east one hegd after the switching is, decided so that the position of

the novabl e it SR TR Dt Rl HHd ]ajfli%rS‘ch’g i tthehi iy 1hd

h iti i nf i hat has, been .15 deci i

Lhtian val ue S RHEA b I TRt SRaab? o hie PRy TPEE S5 Faderapd 50
Ay poSTH | ITE 3 st
Tovable body B s (4 iR e [RRRE EEhe A FRE kg

2034. Thesexpasidé 1lBidadvaee0s #iNgak0) 886r Yr Ehal Px3%A1H133 be used.
wherein the positional 1nformation which should be neasured by

at | east one Hweadiead ttele Sharswst abbrg,i ast 0sbei detoded, insiftyr example,
positional information in a plane parallel to the 25 predeterm ned
pl ane of t he tdet eetipdd gioicit Zofeeaehihead bebbieatndnafd eri®fl899/46835
swi t chi ng. 35. The exposure nethod according to anyone of
Cl ai ns 28 to Fhepersegpponding U.S. Patent No. 7,023,610), a harmonic wave,
which is obtained by amplifying a single-wavelength laser beam
10 in the infrared or visible range emitted by a DFB semiconductor
laser or fiber laser as vacuum ultraviolet light, with a fiber
amplifier doped with, for example, erbium (or both erbium and
ytteribium), and by converting the wavelength into
ultraviolet light using a nonlinear optical crystal, can also
15 Dbe used.
Further, in the embodiment above, illumination light IL
of the exposure apparatus is not limited to the light having
a wavelength equal to or more than 100nm, and it is needless
to say that the light having a wavelength less than 100nm can
20 be used. For example, in recent years, in order to expose a
pattern equal to or less than 70nm, development of an EUV
exposure apparatus that makes an SOR or a plasma laser as a
light source generate an EUV (Extreme Ultraviolet) light in
a soft X-ray range (e.g. a wavelength range from 5 to 15 nm),
25 and uses a total reflection reduction optical system designed
under the exposure wavelength (e.g. 13.5nm) and the reflective
mask is underway. In the EUV exposure apparatus, the

arrangement in which scanning exposure is performed by

synchronously scanning a mask and a wafer using a circular



180 the switching is perforned in a state where the head
before the switching and the head after the switching both face the
grating section. 536. The exposure nethod according to any one of
Clains 17 to 35 wherein one of the neasurenent information of
t he encoder systemand a target positionighere the novable body is
positioned is corrected, based on the correction information. 10
37. The exposure nethod accordlng to any one of Clainms 17 to 36

15

wherei n the cbj%eétliSieRpsadasyletronsiciafebeantviteretinnse, thacdrasent

the tinme of the exposure, posi.tion of the mask is 15 controlled
based on t he ‘HFECHITbrF dThriorf P S £ SUGt Ahexposure
nmeasurenent error. while the movabl bod r|ve based on t.h

measur ement i HIGrRLOn OF SCAS Sent oder taerr% UfOS eTE|)~|ee %sllﬂvéentlon

met hod accor Qial}gaﬁ_goarpé/ gnggl%fd adrﬂ@xé?:sh?esg ﬁé‘é‘? that us%é Rharged

gratl ng section I's arran a nea urerrent ection of

posi tionab i Hrdmliohbaind hudPvabl s hodetort hashieask a1 idiY Rsand
| ongi tudi nal direction, and the head

Further, in the embodiment above, a transmissive type
mask (reticle), which is a transmissive substrate on which
a predetermined light shielding pattern (or a phase pattern
or a light attenuation pattern) is formed, is used. Instead
10 of this reticle, however, as is disclosed in, for example,
U.8. Patent No. 6,778,257, an electron mask (which is also
called a variable shaped mask, an active mask or an image
generator, and includes, for example, a DMD (Digital
Micromirror Device) that is a type of a non-emission type image
15 display device (spatial light modulator) or the like) on which
a light-transmitting pattern, a reflection pattern, or an
emission pattern is formed according to electronic data of
the pattern that is to be exposed can also be used. In the
case of using such a variable shaped mask, because the stage
20 on which a wafer or a glass plate is mounted moves relatively
with respect to the variable shaped mask, by driving the stage
based on the measurement wvalues of an encoder and each
correction information previously described while measuring
the position of the stage using the encoder system and
25 performing the linkage operation between a plurality of
encoders previously described, an equivalent effect as the
embodiment described above can be obtained.
Further, as is disclosed in, for example, the pamphlet

of International Publication No. WO 2001/035168, the present



25 unit has the plurality of heads placed apart in a direction

ort hogonal to the measurenent direction. 39. The exposure

nmet hod according to any one of Clains 11 to 38 wherein 181

the grating section has a pair of first grating sections whose

| ongi tudi nal direction are the first direegion and is placed apart in
the second direction and a pair of second grating sections whose
l'ongi tudinal direction are the second 5 direction and is placed apart
in the first idivetidh, cah@lso be anpd ifthdurin 18RO GFai 4PRFLFGUSt

head units hayi all of, first heads placed agpart in the

second di rect:ﬁﬁﬂgﬁi’ﬂfpaﬁ ef“? ﬁh%ﬁrfﬂfcllﬁd‘ GEQHEC& H‘arjft,;efrlnrsston
grating sectlo r_Qf S ond. head Vi ng

10 a pIuraI|tyVé?%§é§§pg§q5%ﬁ§pﬁ %ﬁ%ﬂ E¥iﬁﬂ%§ HS'ﬁH1 regflon

and al so the secongheade aEhegpiggeH@' fnfnd gy %%%Oag gf 5 bl ied to

sections on exposure. . he exposure nmnet

to anyonesof a@ élx@&sllielépﬁﬁra@u\@h@hﬁtnsynthes:.i@@ ’Qﬁc@tﬂé‘cgl.éi@tpla&&e'r%s
arranged on a surface of the novable body, and the head unit is

arranged faciong a he faur frace ofpidieamivablapthiadyl. 204em Eiel @dmmﬂ e
met hod according to anyone of Clains 11 to 40 wherein

measur enent §wmu%ﬁanﬁdu&hm®ﬁr¢§¢um Wnubﬂeneasasesepo§|¢m©n§kﬂ:area on

information of the novable body in a third direction orthogonal to
the predet er fifed3FrEnEYbPNE SEALBEINEaRKRGSERR, as is disclosed in, for

example, Kohyo (published Japanese translation of
10 International Publication for Patent Application) No.
2004-519850 (the corresponding U.S. Patent No. 6,611,316).

Further, an apparatus that forms a pattern on an cbject
is not limited to the exposure apparatus (lithography system)
described above, and for example, the present invention can

15 also be applied to an apparatus that forms a pattern on an
object by an ink-jet method.

Incidentally, an object on which a pattern is to be
formed (an object subject to exposure to which an energy beam
is irradiated) in the embodiment above is not limited to a

20 wafer, and can be other objects such as a glass plate, a ceramic
substrate, a film member, or a mask blank.

The use of the exposure apparatus is not limited only
to the exposure apparatus for manufacturing semiconductor
devices, but the present invention can also be widely applied

25 to an exposure apparatus for transferring 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 like. Further, the present invention can



25 grating section of the plurality of sensors placed on the sane

side as the head unit, and a position of the novable body in the

third direction is controlled based on neasurenent information of the
measur enent system 182 42. The exposure nethod according to
Claim 41l wherein t he neasurenent $¢stem neasures the

positional information and inclination information in the third
direction of the nmopvable body with a plurality of sensors that 5 face
the grating ctdREE1ied not Ly fiRy &k FERABLRRRE dds didy RRO BTN

f dainms 41 and 42 wherein of th i tional informtion of th
movabl e body T S0 HECt IR 6F SFULA8gFaE505! IPVeERDM DpostTt GHEC De

i nformation i l.rectd q_e@ ' i iy :
first directi r?qlt G\de: Esogg%lngxtﬁ%% gaﬁg{aan Lf%egl{ragcfa [ oﬂnﬁérﬁdré;%%%lt
in the predetiifdigtdont 8Negl &s SRASWLEr Y 1t RS naRCAdEE oSl BBe A ticle
positional information in directions of remaining three 15 degrees of

freedomi s nmeaswa=sdk hyeldheénneasigrieskpsyst€mpparatus Adan BBV exposure
exposure method according to Cl aim 43 wherein the position of the
novabl e body appaatatusastart e-mexpaeswasure apparatus, an electron-beam
exposure apparatus, and the like.
Incidentally, themovable body drive system, the movable
body drive method, or the deciding method of the present
10 invention can be applied not only to the exposure apparatus,
but can also be applied widely to other substrate processing
apparatuses (such as a laser repair apparatus, a substrate
inspection apparatus and the like), or to apparatuses equipped
with a movable body such as a stage that moves within a
15 two-dimensional plane such as a position setting apparatus
for specimen or a wire bonding apparatus in other precision
machines.
Further, the exposure apparatus (the pattern formation
apparatus) of the embodiment above is manufactured by
20 assembling various subsystems, which include the respective
constituents that are recited in the claims of the present
application, so as to keep predetermined mechanical accuracy,
electrical accuracy and optical accuracy. In order to secure
these various kinds of accuracy, before and after the assembly,
25 adjustment to achieve the optical accuracy for various optical
systems, adjustment to achieve the mechanical accuracy for
various mechanical systems, and adjustment to achieve the
electrical accuracy for various electric systems are

performed. A process of assembling various subsystems into



operation is controlled, based on the positional information 20
measured in directions of six degrees of freedom 45. The
exposure net hod according to anyone of Clains 41 to 44 wherein in a
measur enent operation of a surface position 25 information of the
object, in addition to the encoder systeffand the neasurenent system
a position nmeasuring device which neasures the positional information
of the object .in the third direction [s used. = 183 46, The ., |
exposure et HAtF SERBPUFAGRRS iy thinGt UBPS MRS D 4G ugonpREt heRhot ring
further conprj Hp X re aningfa mar k det.ection gyst m t ha

| s t
detects a marK O the b fed e B & det aet i BPsTE Bh O

the mark, theRncader Systemand fhe ik detechion syshemans Jssd

47. The exposure according to anyone o _ _
wherein 10t o s tidies Mowable cBedy s khe, MaAsSHLEERRY i @fr%'éﬁ%ts' e of

the encoder systemis used in an exposure operation, and the

measur enefit iinfdirniediadn sofbsarstian erd geankimied ksd Rind hale mRasiges dhe

positional information of the novable body in at |east the first and

second dir ectasmesilsingsgbeivamipwpenbsiystems into the exposure apparatus.
When the process of assembling the various subsystems into
the exposure apparatus is completed, a total adjustment is
performed and various kinds of accuracy as the entire exposure

10 apparatus are secured. Incidentally, the making of the
exposure apparatus is preferably performed in a clean room
where the temperature, the degree of cleanliness and the like
are controlled.

Incidentally, the disclosures of the various

15 publications, the pamphlets of the International Publications,
and the U.S. Patent Application Publication descriptions and
the U.S. Patent descriptions that are cited in the embodiment
above and related to exposure apparatuses and the like are
each incorporated herein by reference.

20 Next, an embodiment of a device manufacturing method in
which the exposure apparatus (pattern formation apparatus)
described above is used in a lithography process will be
described.

PIG. 36 shows a flowchart of an example when

25 manufacturing a device (a semiconductor chip such as an IC
or an LSI, a liquid crystal panel, a CCD, a thin film magnetic
head, a micromachine, and the like). As is shown in FIG. 36,

first of all, in step 201 (a design step), function and

performance design of a device (such as circuit design of



15 that is different fromthe exposure operation. 48. The exposure
met hod according to Caim47 wherein in a detection operation of a
mar Kk and/ or the surface position information of the object, the
measurenent 20 information of the encoder systemis used. 49.
The exposure nethod according to one of Ckains 47 and 48 wherein

at least a part of the neasurenent information of the 25
interferoneter systemis used in the exposure operation.

devi ce manuf &R Ut Hod S HAUdi iy RET5RSGHapif Rodess vﬁ“?‘e‘srlgl%“l i
el 8 hoon b ACER paREEPRR SIRIatRGEr i, 194 Ao, amone
oL by ngihg SLERIT B! SULAL LG EEOR U ATBLEE S e
substanti al | y, 4 pdeheqab Ngle @ @N€orke . SYRESMEOIR! IS REep 203 (a wafer
5 fabrication step), wafers are manufactured using materials

such as silicon.

Next, in step 204 (a wafer processing step), the actual
circuit and the like are formed on the wafer by lithography
or the like in a manner that will be described later, using

10 the mask and the wafer prepared in steps 201 to 203. Then,
in step 205 (a device assembly step), device assembly is
performed using the wafer processed in step 204. Step 205
includes processes such as the dicing process, the bonding
process, and the packaging process (chip encapsulation), and

15 the like when necessary.

Finally, in step 206 (an inspecting step), inspections
such as the operation check test, the durability test and the
like of a device made by step 205 are performed. After these
processes, the devices are completed and are shipped out.

20 FIG. 37 is a flowchart showing a detailed example of step
204 described above in the case of semiconductor devices. 1In
FIG. 37, in step 211 (an oxidation step), the surface of the
wafer is oxidized. 1In step 212 {CDV step), an insulating film
is formed on the wafer surface. In step 213 {(an electrode

25 formation step), an electrode is formed on the wafer by
deposition. In step 214 (an ion implantation step), ions are
implanted into the wafer. Each of the above steps 211 to step
214 constitutes the preprocess in each step of wafer processing,

and the necessary processing is chosen and is executed at each



a grating whose periodic direction is a first direction parallel to
t he plane; 10an encoder system which includes a plurality of first
heads that irradi ates a neasurenent beam on the grating and receives
the beamfromthe grating, arranged in a direction intersecting the
first direction; and a controller which ireasures positional

I nformati on of 15 the novable body in the first direction using at

| east one first head of the plurality of first heads and drives the
movabl e body %y t he pl ane, based on the measurenment result of the

postt1onal 1t or g, 2nd RSt LanaL L eumion o, Wie.Tesu St
O e o e, SR oot ) S da e ey G2
grating is plmged ep & BUHMAERe YodtheprAvadd e thedy sHRANbhSIl [y resist
parallel to the plane. 53. The novable body drive systemaccording to
Claim52 $herfsimmation step), a photosensitive agent is coated on the wafer.
Then, in step 216 {(an exposure step), the circuit pattern of
the mask is transferred onto the wafer by the exposure
apparatus (pattern formation apparatus) described above and
the exposure method (pattern formation method) thereof. Next,
10 in step 217 (a development step), the wafer that has been
exposed is developed, and in step 218 (an etching step), an
exposed member of an area other than the area where resist
remains is removed by etching. Then, in step 219 (a resist
removing step), when etching is completed, the resist that
15 is no longer necessary 1s removed.

By repeatedly performing the pre-process and the
post-process, multiple circuit patterns are formed on the
wafer.

By using the device manufacturing method of the

20 embodiment described above, because the exposure apparatus
(pattern formation apparatus) in the embodiment above and the
exposure method (pattern formation method) thereof are used
in the exposure step (step 216), exposure with high throughput
can be performed while maintaining the high overlay accuracy.

25 Accordingly, the productivity of highly integrated

microdevices on which fine patterns are formed can be improved.

INDUSTRIAL APPLICABILITY

As is described above, the movable body drive system and



185 on the surface of the novable body, a grating is placed
furthernore whose periodic direction is a second direction that
intersects the first direction and is parallel to the plane, and 5the
encoder system further includes a plurality of second heads which
irradi ates a measurenent beam on the gratbthg whose periodic direction
is the second direction, receives the beamfromthe grating, and
nmeasur es positional information.,n the seco irection of the |,
movabl e b_ody,t %@QM%’QEQ &%C%},{ i%ﬁ“’ﬁ) W%r{ﬂcffoé%detg}e B SP it edisHFion are
I ntersecting éﬂeta%ﬁ%o%ﬁdaEﬁgﬁhgn 'npox}ar})eies%rofd%/c%ig Hglé%ow} Ometnhn;gplane.
pl ane, wher eby the control I er neasures “poSitional 1 nformation
of the novablg hody | B H& S A0 & A i ey tte%gr
at |least one first head a;bd at | east onel secﬁfﬁa‘% andeéﬁs%s 15
the nmovabl e kFadn=ali@tg ridihdd are tHhasaed et lev@easwrenad faTHNS for
and positional information of each measurenment beamin the surface
paral l el %o tienplrane eatttteath faromrt kb jatct.eaftiraherf i the baadsand

the at | east one second head. 2054. The novabl e body drive system
accor di ng t o 2EREGAEE widieekrposure mathbdrand tyhefdawiasumemerfia dfeaing
emtted fromeach of the plurality of second heads is arranged in a
di rection i nf&=S&& Phdener 8eephd 'disredaronr e P uiialdgr f ar eapafaataring
to 25 the pl ane. . 55. The novabl e body drjve system accordin

to anyone of “&Cé-’ionﬁe%i‘:?a-545%%1?%%%&%%#%8? ‘éﬁ%ogﬁn encoder
movabl e body & qpa b?gsgh@ngnvention is suitable for calibration of the

10 setting position of the head of the encoder.



186 whil e conputing positional information of the novable body in the
surface parallel to the plane using the relations of the affine
transformati on based on a neasurenent value of at |east the two heads
of the encoder system and positional 5 information of each of the
measur enent beamin the surface parallel 168 the plane enmtted from
the two heads. 56. The novabl e body drive system according to
anyone of Clains 51 to 55, the system &iﬁﬂﬁé conprising: 10a

measur enent devi ce which nmeasures a ro angl e of the novabl e
body in the novenent plane; and a processi ng device that
rotates the novabl e body at a predeterm ned angle in the surface

paral lel to the plane Ragsehiore %d@ﬁ@&f&%@eﬁétm&% o 1thea RSP BBy
devi ce, and based 15 on a neasurenent value of each of the heads

after the rotiat idyivand 4 1dmay ratd s eintg e pF efesRiTdReithadl@ Bane, the
measured by the neasurenent device, conputes positional information

of the neasumstemtd heamsrisintg:ed from each of the heads used for
position control of the novable body in a direction orthogonal 20 to

a measurerent direé fgave pr006557ln e QfopabiEibady rformaysoemt the

according to O aim56 whe t he, neasurenent device is
an |nterferoﬁﬁﬁﬁgﬂﬁhgpdﬁa%néif@rﬁFuﬁéF?F918F hegs@serssy HReRY at least

one first head of an encoder system that includes a plurality
of first heads which irradiates a measurement beam on a grating

10 whose periodic direction is the first direction parallel to
the plane and receives the beam from the grating and is arranged
in a direction intersecting the first direction, and the
movable body is driven along the plane, based on a measurement
result of the positional information and positicnal

15 information in a surface parallel to the plane of the
measurement beam emitted from at least one of the first heads

used for the measurement of the positional information.

2. The movable body drive method according to Claim 1
20 wherein
the grating is placed on a surface of the movable body

substantially parallel to the plane.

3. The movable body drive method according to Claim 2

25 wherein
on the surface of the movable body, a grating is placed
furthermore whose periodic direction 1s a second direction
that intersects the first direction and is parallel to the

plane, and



58. The novabl e body drive system according to one of Cains 56 and
57, the systemfurther conprising: a storage device in which
positional information in a 187 direction orthogonal to a

nmeasur enent direction of a neasurenent beamemtted fromeach of the
heads conputed by the processing device anéd a desi gn positional
information in a nmeasurenent direction of a neasurenent beamemtted
from5 each of the heads | S, star tern formation

59.. A.p
appar atus, the appathéet 7é céjheﬁr Sé’“% 0 gurf:ot\}jaeoq emé: o'in Anidrality of
object is muyyded g ﬁ@gdéﬁﬁjl%l’gg ?Q%fajcgs% é}ﬂer% %@gmhﬂ'lx ghg%rtﬂe_mg

obj ect; and a nova rrve sys en1accord|n to any

of Caims 51 HfB8pkhabadt c‘l’f§eé@§oﬂﬂl\éa’8hé DAbhd al%l&:ft%m matreerdfélves
formation to the ogject. 1560. An exposure apparatus that fornms a

pattern on archebbegih fnorathergradiiaid, oanaimedsansy gysbeashal i&iformation

apparatus conpri sing: a patterning device that irradiates the
ener gy beam dm ttre clieotd dintbction of the movable body, whereby

in the drive process of the movable body, positional

information of the movable body in the surface parallel to

the plane is measured using the at least one first head and

at least one second head, and the movable body is driven along

10 the plane, based on the measurement results and positional

information of each measurement beam in the surface parallel

to the plane emitted from the at least one first head and the

at least one second head.

15 4, The movable body drive method according to any one
of Claims 1 to 3 wherein
in the drive process of the movable body, the movable
body is driven along the plane, while computing positional
information of the movable body in the surface parallel to
20 the plane using the relations of the affine transformation
based on a measurement value of at least the two heads of the
encoder system and positional information of each measurement
beam in the surface parallel to the plane emitted from these
heads.
25
5. The movable body drive method according to any one
of Claims 1 to 4, the method further comprising prior to the
drive process:

a computing process in which based on a measurement value



20t he novabl e body drive system according to any one of Clains 51 to
58, whereby t he novabl e body drive systemdrives the novabl e
body on which the object is nounted for relative novenent of the
energy beam and the object. 25 61. An exposure apparatus that
exposes an object with an energy beam thélapparatus conprising:

a novabl e body that holds the object and is novable at least in a

first and secand directions ich ar rt hogonal 188 in a
predeternineéggﬁa%%?surementa.e%ﬁﬁ?ﬁ&iﬁgs?g?gHFFﬁ %WH4§?Hﬁ%§ gpoge of the

grating sect in@lrcﬁﬂq:, %glaglafin "l{'ﬂiet 5{1 f?éég%%eﬂhl% @RE’H% g(i%n%f Ell? movable

novabl e body where t bject 1s he the ot arrange

facing the sydace H oftdther v able-odye gk Posidiconal dxHy Ogm%ié&'

of the novable body in the predeterm ned plane is neasured by a head

that faces themgratdincsetid @lafe,a pldinddy of herdsudfentdta Reade of
unit; and a controller that controls a position of the novabl e body

10 i n t heSpr edetterrfi mée peane, alfasedtba netstuiememtid i inf Drxmed i oo aff the
t he encoder system and positional information of a detection point of

t he head usedrasieisianimass Alahentneapwr sirifaddipareddwenant ievice,

redet erm ned pl.ane. .
P pé%iggonal information of the measurement beam emitted from

each of the heads used for position control of the movable
body in a direction orthogonal to a measurement direction of

10 the measurement beam is computed.

6. The movable body drive method according to Claim 4
wherein
as the measurement device, an interferometer having a

15 plurality of measurement axes is used.

7. The movable body drive method according to one of

Claims 5 and 6 wherein
in the drive process, as the positional information of
20 the measurement beams emitted from each of the heads, the
positional information computed in the computing process is
used as positional information for a direction orthogonal to
a measurement direction of the measurement beam, and design
positional information is used as positional information for

25 the measurement direction.

8. A pattern formation method, comprising:
a mount process in which an object is mounted on a movable

body that can move in a movement plane; and



1562. The exposure apparatus according to Caim61 wherein t he
position of the novable body is controlled to conpensate for the
measurenment error of the encoder systemthat occurs due to a position
or displacenent of the detection 20 point. 63. The exposure
apparatus according to one of Clains 61 aid 62 wherein positional
information of the detection point includes 25 positional information

[ di ti th nal to a measur Irecti o]
bositonal i nfor it BRIGF PRECHBGabE &by B TR aRisgboty is diggren by

The eXposur e pp o%%aeaps gdaggv&%é%l%&n GCSCOJ{Q%% t%fghgona 9 t]%gms

plurality of S are d apart Th & diTec ort

measur enment q_&thjqu,meﬁJhtﬂg%ggyﬁxkg St@Medihe head used for
the neasurement is switched according 5 to the position of the

novabl e body in the direction orthogonal to the nmeasurenent
direction.
5 9. A device manufacturing method including a pattern

formation process wherein
in the pattern formation process, a pattern is formed
on an object using the pattern formation methed according to
Claim 8.
10
10. An exposure method in which a pattern is formed on
an object by an irradiation of an energy beam wherein
for relative movement of the energy beam and the object,
a movable body on which the object is mounted is driven, using
15 the movable body drive method according to any cne of Claims

1l to 7.

11. An exposure method cof exXposing an object with an
ernergy beam, the methcd comprising:

20 mounting the object on a movakle bedy that can move at
least in a first and second direction orthogonal in a
predetermined plane, and

controlling a position of the movable body in the
predetermined plane, based on measurement information of an

25 encoder system, which has cne of a grating section and a head
unit arranged on a surface of the movable body where the object
is mounted and the other also arranged facing the surface of
the movable body and also measures positional information of

the movable body in the predetermined plane with a head that



65. The exposure apparatus according to any one of Clains 61 to 64
wherein 10one of the measurenent information of the encoder system
and a target position where the novable body is positioned is
corrected, based on the positional information of the detection

poi nt. 1566. The exposure apparatus accoiddng to any one of Cains 61
to 65 wherein the object is exposed by the energy beamvia a mask,
and at the tlgm of .the expasure, %& posi tion

he, K_i
nk Seckaonanshof Shutati By f?%ﬁeﬁad%o%tthe

control | ed based on pogitloﬁ

t
to conpensat gqé;a{hHe dhe measyr glorll{goﬁrﬁlhe Cd}ﬂfe ot}?tpo:mt

occurs due t pOSI tion I sp acerrent tectl on pOI nt

the head, whide «Hd HdrH tlr@dmﬁ&:blt%éﬂq@ém%rpdﬁ the W&@Hrallel

i nformati on of the encoder system 2567. An exposure apparatusthat
exposes an ohjecthevMpgredetermined plane.

5
12. The exposure method according to Claim 11 wherein
the position of the movable body is controlled to
compensate for the measurement error of the encoder system
that occurs due to a position or displacement of the detection
10 point.

13. The exposure method according to one of Claims 11
and 12 wherein
positional information of the detection point includes
15 positional information in a direction orthogonal to a
measurement direction of the positional information of the

movable body by the head.

14. The exposure method according to Claim 13 wherein
20 the plurality of heads are placed apart in a direction
orthogonal to the measurement direction, and in the encoder
system, the head used for the measurement is switched according
to the position of the movable body in the direction orthogonal
to the measurement direction.
25
15. The exposure method according to any one of Claims
11 to 14 wherein
one of the measurement information of the encoder system

and a target position where the movable body is positicned



an energy beam the apparatus conprising: a novabl e body t hat

hol ds the object and is novable at least in a first and second

directions which are orthogonal in a predeterm ned plane; 190

an encoder systemin which one of a grating section and a head unit
y

is arranged on a surface of the novable Bd

where the object is held

and the other is arranged facing the surface of the novable body, and

posi tional i rifso rc{ﬁ{)ﬂeo&t%f e’a&bﬁear?v?%p lt%eStpEoosdiytj! nnélheirpfcffjr%tei{ﬁng goe the

pl ane i s neasure

aces 1 on

y a e gratimg sec

plurality of hgads: oy theidiead unit; and a control ler that
controls the position of the novable body in the predeterm ned pl ane,
based on correction 10 information to conpensate for the neasurenent
error of the encoder systemthat occurs due to the position or

di spl acenent of théaédet Ehti expqoint meft Hdieaheadduagdtd @nyt bae of Claims
measur enent and neasurenent information of the encoder system 1568.
The exposbr e ldppgar adtusheseoirdi ng to C ai m 67 wherein the correction
informati on conpensates for the measurenent error of the encoder
system that occurs td§e*Pdeat posicrposesy Pitdis spekent Lo tHa aareslki gmd

point in a
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at the time of the exposure, the position of the mask is

controlled based on positional information of the detection
point to compensate for the measurement error of the encoder
system that occurs due to the position or displacement of the
detection point of the head, while driving the movable body

based on the measurement information of the encoder system.

17. An exposure method of exposing an object with an
energy beam, the method comprising:

mounting the object on a movable body that can move at
least in a first and second direction orthogonal in a
predetermined plane;

measuring positional information of the movable body
using an encoder system, which has one of a grating section
and a head unit arranged on a surface of the movable body where
the object is held and the other is also arranged facing the
surface of the movable body and measures positional
information of the movable body in the predetermined plane
with a head that faces the grating section among a plurality
of heads of the head unit; and

controlling the position of the movable body in the
predetermined plane, based on correction information to

compensate for the measurement error of the encoder system



20 direction orthogonal to the neasurenent direction of the

posi ti onal

i nformati on of the novable body with the head. 69.

The exposure apparatus according to Caim68 wherein 25the plurality
of heads are placed apart in a direction orthogonal to the
measurement direction, and in the encodet78ystem the head used for
the neasurenent is swtched according to the position of the novable

body in the deH q:ctl ocrhrort&oeqqcnalttﬁ6§$eltqeo%sugre J?t%dé{aﬁr ectr%t(;an té‘%l

70. The exposure apparatus accor

0 any one

the appar at ugifaudhern, q;sm{e HNGhA el £6da t A ttﬁf‘e i Clesc S and

posi ti onal

information 5 a detection poln

the correcti masﬁl@rnmaiﬂ qmﬂc&nchqcllcﬂﬁd;f bﬁﬁ@%rﬁibdé’te S%Fﬁd dni onal
he

infornmati on that has been detect ed.

exposure

apparatus according to Claim70 10 wherein the detection
devi ce includes a nmeasurenent device which is different fromthe
encoder system t hatl Sneathe esxposite oretihddocadioy bd ¢heimohvabiherein

body in the predeternlned pl ane, and positional information of the
detection point is Qgtgpﬁg@ctlon information compensates for the

10
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20

25

measurement error of the encoder system that occurs due to
a position or displacement of the detection point in a
direction orthogonal to the measurement direction of the

positional information of the movable body with the head.

19. The exposure method according to Claim 18 wherein
the plurality of heads are placed apart in a direction
orthogonal to the measurement direction, and in the encoder
system, the head used for the measurement is switched according
to the position of the movable body in the direction orthogonal

to the measurement direction.

20. The exposure method according to any one of Claims
17 to 19 wherein

positional information of the detection point of the
head is detected using a detection device, and

the correction information i1s decided, based on the

positional information that has been detected.

21. The exposure method according to Claim 20 wherein
the detection device includes a measurement device which
is different from the encoder system that measures positional

information of the movable body in the predetermined plane,



15 using neasurenent information of the encoder system and the
measur enent devi ce. 72. The exposure apparatus according to
any one of Clainms 67 to 71 wherein 20the correction information
conpensates for the measurenent error of the encoder systemt hat
occurs due to at |east one of the head uAf® and the grating section.
73. The exposure apparatus according to Cla|n172 25 wherein

the correcti enent erraor
t he encoder gggigggEggBhggcﬁfgg ﬁi eats}fEE |ca 8%86e+?f%§%ﬁned
the head uni tu81njg9%easureme¥1"c 1£%r%’é§9.%‘r’1r gfaﬁ)ﬂér?ﬁé’éd@fcﬂéiﬁé}g 3 the

one of Clains 72 and 73 wherein the correction 1 nformation
conpensat es f@adlrenmaswseneid. error of the encoder systemt hat

occurs due to 5 at |east one of flatness and formation error of the
grating section.
5 22. The exposure method according to any one of Claims
17 to 21 wherein
the correction information compensates for the

measurement error of the encoder system that occurs due to

at least one of the head unit and the grating section.

10
23. The exposure method according to Claim 22 wherein
the correction information compensates for the
measurement error of the encoder system that occurs due to
at least optical properties of the head unit.
15

24. The exposure method according to one of Claims 22
and 23 wherein
the correction information compensates for the
measurement error of the encoder system that occurs due to
20 at least one of flatness and formation error of the grating

section.

25. The exposure method according to any one of Claims
17 to 24 wherein
25 the correction information compensateé for the
measurement error of the encoder system that occurs due to
displacement of the movable'body in a direction that is
different from the first and second directions on the

measurement.



75. The exposure apparatus according to any one of Clains 67 to 74
wherein 10t he correction informati on conpensates for the neasurenent
error of the encoder systemthat occurs due to displacenent of the
novabl e body in a direction that is different fromthe first and
second directions on the nmeasurenent. 15177 76. The exposure
apparatus according to Caim75 wherein the different direction
i ncludes at | east one of a direction orthogonal to the predeterm ned
pl ane, a rotational 20 direction around an axis orthogonal to the

predeterm ned plangg ang,a & d;.%%Jg%@r{etq{d’c?gcic%'}daﬁggeg_r(ﬁfaﬁﬁ(i235 wherein

parallel to the predeterm ne e exposure

appar at us accor di Nghte0 damy 2R t0i2e Eidinm nl uhe s’ @ tWiekeitn ohige o a
correction informati on conpensates for the neasurenent error of the

encoder syst emrichati cocontBoddral acd nhkigwidore0fi idie praviabl £ rdeady: itbdal
t he predeterm ned plane. 193
5 direction around an axis orthogonal to the predetermined plane,
and a rotational direction around an axis parallel to the

predetermined plane.

27. The exposure method according to any one of Claims
10 17 to 26 wherein
the correction information compensates for the
measurement error of the encoder system that occurs due to

inclination of the movable body to the predetermined plane.

15 28. The exposure method according to any one of Claims
17 to 27 wherein
in the encoder system, the head used for the measurement
is switched by a movement of the movable body, and
the correction information compensates for the
20 measurement error of the encoder system that occurs due to
displacement of the movable body in a direction that is
different from the first and second directions on the

switching.

25 29. The exposure method according to any one of Claims
17 to 27 wherein
in the encoder system, the head used for the measurement
is switched by a movement of the movable body, and

positional information which should be measured by a



78. The exposure apparatus according to any one of Clains 67 to 77

wher ei n

measur enent

in the encoder system the head used for the

is switched by a novenent of the novabl e body, and 5t he

correction informati on conpensates for the neasurenent error of the
encoder systemthat occurs due to displ aééfent of the novable body in
a direction that is different fromthe first and second directions on

the switchingesP after V%ﬂegsﬁh&m%i%ec% RALA! @&&%ﬁ%j}q@.cﬂ%ﬁld

one of Cainms 67 to 77

erern e encoder syste

used for the iFERSHAIRN fdasWdEhad Dihanduarmmn e the trmval] end
body, and 15positional information which should be neasured by a head

after the swigoshitngrisl dedfcdedyt inasedt aovzaslid it imfordiMddion that
measured by a head before the switching and positional informtion of
nmovabl e body dish diffiqrsgit diramdthe £ idiftf erehtsdamnd tdierddtrisinsamgh the
second directions on the 20 sw tchi ng. 80. The exposure

appar at us® ac &HdiTE %D O ai m 79 wherein positional information which
shoul d be neasured by a
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30. The exposure method according to Claim 29 wherein

positional information which should be measured by a
head after the switching is decided so that the position of
the movable body 1s maintained before and after the switching,
and the positional information that has been decided is set
as an initial value of positional information measured by the
head after the switching so that the positional information
of the movable body is continuocusly linked before and after

the switching.

31. The exposure method according to any one of Claims
28 to 30 wherein

the direction that is different fromthe first and second
directions on the switching includes the rotational direction

in the predetermined plane.

32. The exposure method according to any one of Claims
17 to 27 wherein

positional information of the movable body in the first
direction, the second direction, and in the rotational
direction in the predetermined plane is measured by at least
three heads that face the grating section among the plurality

of heads, and also by the movement of the movable body, the



25 head after the switching is decided so that the position of the
novabl e body is maintai ned before and after the swi tching, and the
positional information that has been decided is set as an initial

val ue of positional information neasured bé the head after the
switching so that the positional informat?®n 194 of the novabl e body
I's continuously linked before and after the smﬁtching 81.

The exposureﬁﬂgﬁgq{ Saqpscgcﬁil g, A a}fg{f‘ré?{ r?c Zt%}-}% 89 tn
wher ei n the direction t%% gﬁlef ere romthe FiTst and o CC
second di rectieongs QRithe: sl d&diaRg1 EASE UHRShERE dOt ALt anals il €6L It ce
in the predeterm ned plane. 1082. The exposure apparatus according to
any one of Clladads 6#ilerebfy wherein positional information of the
novabl e body in the first
on the switching, positional information which should
5 Dbe measured by at least one head among three heads after the
switching which is different from the three heads before the

switching is decided, based on positional information

measured by the three heads before the switching.

10 33. The exposure method according to Claim 32 wherein
positional information which should be measured by at

least one head after the switching is decided so that the
position of the movable body is maintained before and after

the switching, and the positional information that has been

15 decided is set as an initial value of positional information
measured by the at least one head after the switching so that

the positional information of the movable body is continuously

linked before and after the switching.

20 34. The exposure method according to one of Claims 32
and 33 wherein
the positional information which should be measured by
at least one head after the switching is to be decided, using
positional information in a plane parallel to the
25 predetermined plane of the detection point of each head before

and after of switching.

35. The exposure method according to any one of Claims

28 to 34 wherein



direction, the second direction, and in the rotational direction in
the predeterm ned plane is neasured by at |east 15 three heads that
face the grating section anong the plurality of heads, and al so by
t he novenent of the novabl e body, the three heads used for the
measurenent are switched to three heads WAfch include at |east one
head different fromthe three heads, whereby 20on the sw tching,

posi tional infor mattih%y; SWt%i?‘%glilsdPQef%HﬁSﬁY At deeasle ANQ1ANG o 1 g

head anong t hree heads after swi't ching s different from

the three heagsdief et the M tEhidd ithde@Aed £ thas et O AeKIHiIR &oth
i nformati on neasured by the three heads before the swtching. 25

83. The expodiszee appargtatsiraccaiighto C aim 82 wherein

positional information which should be nmeasured by at | east one head
after the switching is decided so that the 195 position of the

movabl e body is maintained before and after the switching, and the
posi tionaP informatifon TRhEtSFRES Wee Meddeddeacpsdiny e amy PApteHIClaims
val ue of posi tf nal_d nformation nmeasured by the at | east one head
after the swil '%gagsd’h[erﬁﬁl% the positional information of the

moval e body 15 COMLMUSLIRLL e bel 906 A0 I eLe LIS BSIL WGicen
wherei n 10t hg posi tdQRale IFQrRI] Qm ity %ﬁles%wa%l%eﬂwwse$0@itioned
is corrected, based on the correction information.
10
37. The exposure method according to any one of Claims
17 to 36 wherein
the object is exposed by the energy beam via a mask, and
at the time of the exposure, a position of the mask is
15 controelled based on the correction information so as to
compensate for the measurement errcr, while the movable body

is driven based on the measurement information of the encoder

system.

20 38. The exposure method according to any cne of Claims
11 to 37 wherein
the grating section is arranged with a measurement
direction of the positional information of the movable body
by the head serving as a longitudinal direction, and the head
25 unit has the plurality of heads placed apart in a direction

orthogonal to the measurement directicn.

39. The exposure method according to any one of Claims

11 to 38 wherein



at | east one head after the switching is to be decided, using
positional information in a plane parallel to the predeterm ned pl ane
of the detection point of each head before and after the sw tching.
15 85. The exposure apparatus according to any one of C ains
78 to 84 wherein the switching it§lperfornmed in a state where
t he head before the swtching and the head after the swtching both

20 face the grati n%%egkg%n se%tiorgggsﬁ?aqwgfLfriq:sacp&@g@&f'fgfse%tions

according to any one of d al

measur enent ivHQddratdron wfathe eneeder oty stremB8 andse §Ar88tion and is
position where the novabl e body is positioned is corrected, based on

the correcti grldaddragdtonin the sedhd Tdﬂwtpmur@cﬁﬁpﬁaﬁﬂsof second
according to any one of Clainms 67 to 86 wherein 196 the object is
exposed by t hEranergpeodamns ahaseabdngandd ttal b rndatd cof atrkethe second
exposure, a position of the mask is controll|ed based on the

correcti of i ioraRitivh ayl dss tRlaerperraiite ¥orthae el ereeitienr and
whil e the anabIe dy 5 is drlv n based on the, measur enment
i nformation of thquﬁ% s a pairggl Fhpsherdrantphdiaiing a

according tc’ﬁTD&éﬁ.%qp fc% kQP heaés p§ cg%?apart in the second direction

and also the first head facing the pair of the first grating
sections on exposure and a pair of second head units having
10 aplurality of second heads placed apart in the first direction
and also the second heads facing the pair of the second grating

sections on exposure.

40. The exposure method according to any one of Claims
15 11 to 39 wherein
the grating section is arranged on a surface of the
movable body, and the head unit is arranged facing the surface

of the movable body.

20 41. The exposure method according to any one of Claims
11 to 40 wherein
a measurement system is further used, which measures
positional information of the movable body ina thirddirection
orthogonal to the predetermined plane by a sensor facing the
25 grating section of the plurality of sensors placed on the same
side as the head unit, and a position of the movable body in
the third direction is controlled based on measurement

information of the measurement system.



10t he grating section is arranged with a nmeasurenent direction of the
positional information of the novable body by the head serving as a

| ongi tudinal direction, and the head unit has the plurality of heads
pl aced apart in a direction orthogonal to the neasurenent direction.
15 89. The exposure apparatus accoPding to any one of O ai s
61 to 88 wherein the grating section has a pair of first

grating sections whose pRROLLYGLARL MERE 10 e bl £2Ls Hl L R

and are 20 placed apart 1 n the secon ection and a pair of ‘secon
grating sections whege deangiddt@dinials YRt reibure d RS eend idigact i on
and is placed apart in the first direction, and the head unit has a

pai r of firstirfeadhatmidrs drayiing:lai ripd iread i Infefmdtd 1@t hreads praiced

apart in the second direction and also 25 the first heads facing the
pair of the fdimscigrant pAgteowivelrd eonody puisily @ mhdral pay vfofesscondhat
head units having a pluraljity of second heads placed apart in the
first directifdfandalEdiing s heads facing the pair of the
second grating sections on exposure. 197 90. The exposure
apparatus according to any one of Clains 61 to 89 wherein

the grating section.s a n.a surface of f.he movabl o
and the head unit :&3'3 "ar ?é%g%g&gsalglr%gm%%émglﬂ éjcré}lé}g ?ﬁeoﬁ%vﬁglgf .41
91. The exposif£ BPRAIAtLLS, according to any one of Cains 61 to 90,

the apparatus further conprising: 10a neasurenent system which
measures positionabf the positional information of the movable body in

10 directions of six degrees of freedom, positiconal information
in directions of three degrees of freedom including the first
direction, the second direction, and the rotational direction
in the predetermined plane is measured by the encoder system,
and positional information in directions of remaining three

15 degrees of freedom is measured by the measurement system.

44. The exposure method according to Claim 43 wherein
the pesition of the movable body in at least the exposure
operation is contreolled, based on the positional information

20 measured in directions of six degrees of freedom.

45. The exposure method according to any one of Claims
41 to 44 wherein
in a measurement operation of a surface position
25 information of the object, in addition to the encoder system
and the measurement system, a position measuring device which
measures the positional information of the object in the third

direction is used.



information of the novable body in a third direction orthogonal to
the predeterm ned plane by a sensor facing the grating section of the
plurality of sensors placed on the sane side as the head unit,
wherein 15a position of the novable body_in the third direction is
control | ed, based on neasurenent informatfdn of the measurement

system 92. The exposure apparatus according to Claim91
20 wherein te MeRSULLHEHE & ¥Rl eBdRASWLAS nhhe paq%' bhangk clai
information in the third directioﬂ and |nclinafioﬁbin or tPon of tiﬁ?s

nmovabl e body 4 tib a1 Pl urdld e tob s ensens A kangracasd:he grating
section. 25 93. The exposure apparatus according to one of
Clainms 91 and 92 wperegiaring a maak theepasbhi spateinntlostedéioancod 4 heark
novabl e body in directions of six degrees of freedom positional
information <rDg&he abiecti offsendin hree degrees of freedom i ncl uding

the first _direction, the second direction, and the rotational
direction?in the préd@tiRHePHPRREALS ORERE Hhed Bkt RbsepBeaEdpr system
system and pasjtional_i.nformation in directions of remaining three 5

degrees of fraBudhy ATt bl HY el HeheitcSy st em 94.

The exposure apparatus according to C aim 93 wherein

47. The exposure method according to any one of Claims

41 to 46 wherein
10 to drive the movable body, the measurement information
of the encoder system is used in an exposure operation, and
the measurement information of an interferometer system that
measures the positional information of the movable body in
at least the first and second directions is used in an operation

15 that is different from the exposure operation.

48. The exposure method according to Claim 47 wherein
in a detection operation of a mark and/or the surface
position information of the object, the measurement

20 information of the encoder system is used.

49. The exposure method according to one of Claims 47
and 48 wherein
at least a part of the measurement information of the

25 interferometer system is used in the exposure operation.

50. A device manufacturing method including a
lithography process wherein

in the lithography process, an exposure method according



the position of the novable body in at |east the exposure 10
operation is controlled, based on the positional information neasured
in directions of six degrees of freedom 95. The exposure
apparatus according to any one of C ains to 94, the apparatus
further conprising: 15a position neasuriﬁg devi ce that neasures
positional information of the object in the third direction, wherein

in a measur er@NtarRPrl i3 cab imsSUif 868490851108y *t Hf HEIEYd oD Lindif8 ve
obj ect, theencodersystem the neasurenent system and the position

measuring dewiCiRdy acise®d 26 the mov&Sle BRIELXROIULS @PPAratMSttern on
according to any one of Clains 91 to 95, the apparatus further
conprising: the semsigrkveletleictdton systemthat detects a mark on the
obj ect, wherein 25in a detection operation of the mark, the encoder
system and the mark detection system are used. 97. The

exposure apparatus according to any one of Clains 91 to 96, the
appar at usgf urt her é&nprﬁgqua_blq@gdy drive system in which a movable body

is driven along a substantially predetermined plane, the
system comprising:

a grating whose periodic direction is a first direction
parallel to the plane;

10 an encoder system which includes a plurality of first
heads that irradiates a measurement beam on the grating and
receives the beam from the grating, arranged in a direction
intersecting the first direction; and

a controller which measures positional information of

15 the movable body in the first direction using at least one
first head of the plurality of first heads and drives the
movable body along the plane, based on the measurement result
of the positional information and positional information of
the measurement beam emitted from the at least one first head

20 used for measurement of the positional information in a surface

parallel to the plane.

52. The movable beody drive system according to Claim
51 wherein
25 the grating is placed on a surface of the movable body

substantially parallel to the plane.

53. The movable body drive system according to Claim

52 wherein



an interferoneter systemthat neasures positional information of the
novabl e body in at least the first and second directions, wherein to
drive the novabl e body, the neasurenent information 5 of the encoder
systemis used in an exposure operation, gnd t he neasurenent
information of the interferoneter systen% < used in an operation that
is different fromthe exposure operation. 1098. The exposure

appar at us accor di gt on&l & ¥ 9de Wit BbNmovabl e HdHR %egegfcmg is placed
operation of a mark and/or the surface position 1nfornmation of the

obj ect, the masiNeai®RMte WHaTHdGR O c dieRNGeIer SystRbdry WSedctlisn
99. The exposure apparatus according to one of Clains 97 and 98
wherein theat ilngastsextpartheoff itdse: ndasrrtamentandnficy matriadn edf tioheéhe
interferoneter systemis used in the exposure operation. 20

100. A cal i bdtdnen mdtchod used in an encoder systemthat neasures
positional information of a novabl e body that noves al ong _a

substantial ly predéf&r fFEASH &S tiem &usthrdcdnsardierelr P8 Re 1fvand,
Lhe TeLo0, SO 094, 2080 AOCLSALLOD, SRS AL Sy Lo il
e, Phane 2R TIPSR, MR O 5 DI S SO B e
measur ement  dineebh AT A Bhd @lratd id)CaRh 3@ AL sBrositional information
in the second direction of the movable body, and whose position
10 is different in a direction intersecting the second direction

in the surface parallel to the plane, whereby

the controller measures positional information of the
movable body in the surface parallel to the plane, using the
at least one first head and at least one second head, and drives
15 the movable body along the plane, based on the measurement
results and positional information of each measurement beam

in the surface parallel to the plane emitted from the at least

one first head and the at least one second head.

20 54. The movable body drive system according to Claim
52 wherein
a plurality of measurement beams emitted from each of
the plurality of second heads is arranged in a direction
intersecting the second direction in the surface parallel to

25 the plane.

55. The movable body drive system according to any one
of Claims 51 to 54 wherein

the controller drives the movable body along the plane,



200 nmeasurenent val ue of a neasurenent device that neasures a
rotation angle of the novable body in the surface parallel to the
pl ane are acquired; and a conputing process in which positional

i nformati on of 5 a measurenent bean1enith§g fromthe head in a

direction perpendicular to the neasurene

direction in the surface

parallel to the plane is conputed, based on the nmeasurenent val ue of
the head thatyias Resipacay r iaﬁdoﬁ%le AN ANY € dhah e Reeddy

measured by the neasurenent device. 1
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in the surface parallel to the plane using the relations of
the affine transformation based on a measurement value of at
least the two heads of the encoder system and positional

information of each of the measurement beam in the surface

parallel to the plane emitted from the two heads.

56. The movable body drive system according to any one
of Claims 51 to 55, the system further comprising:

a measurement device which measures a rotation angle of
the movable body in the movement plane; and

a processing device that rotates the movable body at a
predetermined angle in the surface parallel to the plane based
on a measurement value of the measurement device, and based
on a measurement value of each of the heads after the rotation
and information of the predetermined angle measured by the
measurement device, computes positional information of the
measurement beams emitted from each of the heads used for
position control of the movable body in a direction orthogonal

to a measurement direction.

57. The movable body drive system according to Claim
56 wherein
the measurement device is an interferometer that has a

plurality of measurement axes.

58. The movable body drive system according to one of
Claims 56 and 57, the system further comprising:

a storage device in which positional information in a
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direction orthogonal to a measurement direction of a

measurement beam emitted from each of the heads computed by
the processing device and a design positional information in
a measurement direction of a measurement beam emitted from

each of the heads is stored.

59. A pattern formation apparatus, the apparatus
comprising:

a movable body on which the object is mounted, and is
movable in a movement plane holding the obkject; and

a movable body drive system according to any one of
Claims 51 to 58 that drives the movable body to perform pattern

formation to the object.

60. An exposure apparatus that forms a pattern on an
object by an irradiation of an energy beam, the apparatus
comprising:

a patterning device that irradiates the energy beam on
the object; and

the movable body drive system according to any one of
Claims 51 to 58, whereby

the movable body drive system drives the movable body
on which the object is mounted for relative movement of the

energy beam and the object.

61. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:
a movable body that holds the object and is movable at

least in a first and second directions which are orthogonal
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in a predetermined plane;

an encoder system in which one of a grating section and
a head unit is arranged on a surface of the movable body where
the object is held and the other is arranged facing the surface
of the movable body, and positional information of the movable
body in the predetermined plane is measured by a head that
faces the grating section of a plurality of heads of the head
unit; and

a controller that controls a position of the movable body
in the predetermined plane, based on measurement information
of the encoder systemand positional information of a detection
point of the head used for the measurement in a surface parallel

to the predetermined plane.

62. The exposure apparatus according to Claim 61
wherein

the position of the movabkle body is controlled to
compensate for the measurement error of the encoder system
that occurs due to a position or displacement of the detection

point.

63. The exposure apparatus according to one of Claims
61 and 62 wherein

positional information of the detection point includes
positional information in a direction orthogonal to a
measurement direction of the positional information of the

movable body by the head.

64. The exposure apparatus according to Claim 63
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wherein

the plurality of heads are placed apart in a direction
orthogonal to the measurement direction, and in the encoder
system, the head used for the measurement is switched according
to the position of the movable body in the direction orthogonal

to the measurement direction.

©5. The exposure apparatus according to any one of
Claims 61 to 64 wherein

one of the measurement information of the encoder system
and a target position where the movable body is positioned
is corrected, based on the positional information of the

detection point.

66. The exposure apparatus according to any one of
Claims 61 to 65 wherein

the object is exposed by the energy beam via a mask, and

at the time of the exposure, the position of the mask
is controlled based on positional information of the detection
point to compensate for the measurement error of the encoder
system that occurs due to the position or displacement of the
detection point of the head, while driving the movable body

based on the measurement information of the encoder system.

67. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:

a movable body that holds the object and is movable at
least in a first and second directions which are orthogonal

in a predetermined plane;
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an encoder system in which one of a grating section and
a head unit is arranged on a surface of the movable body where
the object is held and the other is arranged facing the surface
of the movable body, and positional information of the movable
body in the predetermined plane is measured by a head that
faces the grating section of a plurality of heads of the head
unit; and

a controller that controls the position of the movable
body in the predetermined plane, based on correction
information to compensate for the measurement error of the
encoder system that occurs due to the position or displacement
of the detection point of the head used for the measurement

and measurement information of the encoder system.

68. The exposure apparatus according to Claim 67
wherein

the correction information compensates for the
measurement error of the encoder system that occurs due to
a positicn or displacement of the detection point in a
direction orthogonal to the measurement direction of the

positional information of the movable body with the head.

69. The exposure apparatus according to Claim 68
wherein

the plurality of heads are placed apart in a direction
orthogonal toc the measurement direction, and in the encoder
system, the head used for the measurement is switched according
to the position of the movable body in the direction orthogonal

to the measurement direction.
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70. The exposure apparatus according to any one of
Claims 67 to 69, the apparatus further comprising:

a detection device that detects positional information
of a detection point of the head, and

the correction information is decided, based on the

positional information that has been detected.

71. The exposure apparatus according to Claim 70
wherein

the detection device includes a measurement device which
is different from the encoder system that measures positional
information of the movable body in the predetermined plane,
and positional information of the detection point is obtained
using measurement information of the encoder system and the

measurement device.

72. The exposure apparatus according to any one of
Claims 67 to 71 wherein

the correction information compensates for the
measurement error of the encoder system that occurs due to

at least one of the head unit and the grating section.

73. The exposure apparatus according to Claim 72
wherein

the correction information coﬁpensates for the
measurement error of the encoder system that occurs due to

at least optical properties of the head unit.
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74. The exposure apparatus according to one of Claims
72 and 73 wherein

the correction information compensates for the
measurement error of the encoder system that occurs due to
at least one of flatness and formation error of the grating

section.

75. The exposure apparatus according to any one of
Claims 67 to 74 wherein

the correction information compensates for the
measurement error of the encoder system that occurs due to
displacement of the movable body in a direction that is
different from the first and second directions on the

measurement.

76. The exposure apparatus according to Claim 75
wherein

the different direction includes at least one of a
direction orthogonal to the predetermined plane, a rotational
direction around an axis orthogonal to the predetermined plane,
and a rotational direction around an axis parallel to the

predetermined plane.

77. The exposure apparatus according to any one of
Claims 67 to 76 wherein

the correction information compensates for the
measurement error of the encoder system that occurs due to

inclination of the movable body to the predetermined plane.
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78. The exposure apparatus according to any one of
Claims 67 to 77 wherein

in the encoder system, the head used for the measurement
is switched by a movement of the movable body, and

the correction information compensates for the
measurement error of the encoder system that occurs due to
displacement of the movable body in a direction that is
different from the first and second directions on the

switching.

79. The exposure apparatus according to any one of
Claims 67 to 77 wherein

in the encoder system, the head used for the measurement
is switched by a movement of the movable body, and

positional information which should be measured by a
head after the switching is decided, based on positional
information measured by a head before the switching and
positional information of movable body in a direction that
is different from the first and second directions on the

switching.

80. The exposure apparatus according to Claim 79
wherein

positional information which should be measured by a
head after the switching is decided so that the position of
the movable body is maintained before and after the switching,
and the positional information that has been decided is set
as an initial value of positional information measured by the

head after the switching so that the positional information
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of the movable body is continucusly linked before and after

the switching.

81. The exposure apparatus according to any one of
Claims 78 to 80 wherein

the direction that isdifferent fromthe first and second
directions on the switching includes the rotational direction

in the predetermined plane.

82. The exposure apparatus according to any one of
Claims 67 to 77 wherein

positional information of the movable body in the first
direction, the second direction, and in the rotational
direction in the predetermined plane is measured by at least
three heads that face the grating section among the plurality
of heads, and also by the movement of the movable body, the
three heads used for the measurement are switched to three
heads which include at least one head different from the three
heads, whereby

on the switching, positional information which should
be measured by at least the one head among three heads after
the switching which is different from the three heads before
the switching is decided, based on positional information

measured by the three heads before the switching.

83. The exposure apparatus according to Claim 82
wherein
positional information which should be measured by at

least one head after the switching is decided so that the
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position of the movable body is maintained before and after
the switching, and the positional information that has been
decided is set as an initial value of positional information
measured by the at least one head after the switching so that
the positional information of the movable body is continuously

linked before and after the switching.

84. The exposure apparatus according to one of Claims
82 and 83 wherein

the positional information which should be measured by
at least one head after the switching is to be decided, using
positional information in a plane parallel to the
predetermined plane of the detection point of each head before

and after the switching.

85. The exposure apparatus according to any one of
Claims 78 to 84 wherein

the switching is performed in a state where the head
before the switching and the head after the switching both

face the grating section.

B6. The exposure apparatus according to any one of
Claims 67 to 85 wherein

one of the measurement information of the encoder system
and a target position where the movable body is positioned

is corrected, based on the correction information.

87. The exposure apparatus according to any one of

Claims 67 to 86 wherein
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the object is exposed by the energy beam via a mask, and
at the time of the exposure, a position of the mask is
controlled based on the correction information so as to
compensate for the measurement error, while the movable body
is driven based on the measurement information of the encoder

system.

88. The exposure apparatus according to any one of
Claims 61 to 87 wherein

the grating section is arranged with a measurement
direction of the positional information of the movable body
by the head serving as a longitudinal direction, and the head
unit has the plurality of heads placed apart in a direction

orthogonal to the measurement direction.

89. The exposure apparatus according to any one of
Claims 61 to 88 wherein

the grating section has a pair of first grating sections
whose longitudinal direction i1s the first direction and are
placed apart in the second direction and a pair of second
grating sections whose longitudinal direction is the second
direction and is placed apart in the first direction, and the
head unit has a pair of first head units having a plurality
of first heads placed apart in the second direction and also
the first heads facing the pair of the first grating sections
on exposure and a pair of second head units having a plurality
of second heads placed apart in the first direction and also
the second heads facing the pair of the second grating sections

on exposure.
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90. The exposure apparatus according to any one of
Claims 61 to 89 wherein

the grating section is arranged on a surface of the
movable body, and the head unit is arranged facing the surface

of the movable body.

91. The exposure apparatus according to any one of
Claims 61 to 90, the apparatus further comprising:

a measurement system which measures positional
informatrmlofthemovablebodyjj1athirddirectionorthogonal
to the predetermined plane by a sensor facing the grating
section of the plurality of sensors placed on the same side
as the head unit, wherein

a position of the movable body in the third direction
is controlled, based on measurement information of the

measurement system.

92. The exposure apparatus according to Claim 91
wherein

the measurement system measures the positional
information in the third direction and inclination
information of the movable body with a plurality of sensors

that faces the grating section.

93. The exposure apparatus according to one of Claims
91 and 92 wherein
of the positional information of the movable body in

directions of six degrees of freedom, positional information
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in directions of three degrees of freedom including the first
direction, the second direction, and the rotational direction
in the predetermined plane is measured by the encoder system,
and positional information in directions of remaining three

degrees of freedom is measured by the measurement system.

94. The exposure apparatus according to Claim 93
wherein

the position of the movable body in at least the exposure
operation 1s controlled, based on the positional information

measured in directions of six degrees of freedom.

95. The exposure apparatus according to any one of
Claims 91 to 94, the apparatus further comprising:

a position measuring device that measures positional
information of the object in the third direction, wherein

in a measurement operation of a surface position

-information of the object, the encoder system, the measurement

system, and the position measuring device are used.

96. The exposure apparatus according to any one of
Claims 91 to 95, the apparatus further comprising:
a mark detection system that detects a mark on the object,
wherein
in a detection operation of the mark, the encoder system

and the mark detection system are used.

97. The exposure apparatus according to any one of

Claims 91 to 96, the apparatus further comprising:
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an interferometer system that measures positional
information of themovable body in at least the first and second
directions, wherein

to drive the movable body, the measurement information
of the encoder system is used in an exposure operation, and
the measurement information of the interferometer system is
used in an operation that is different from the exposure

operation.

98. The exposure apparatus according to Claim 97
wherein

in a detection operation of a mark and/or the surface
position information of the object, the measurement

information of the encoder system is used.

99. The exposure apparatus according to one of Claims
97 and 98 wherein
at least a part of the measurement information of the

interferometer system is used in the exposure operation.

100. Acalibrationmethodused in an encoder systemthat
measures positional information of a movable body that moves
along a substantially predetermined plane in a surface
parallel to the plane, the method comprising:

an acguisition process in which the movable body is
rotated at a predetermined angle in the surface parallel to
the plane and a measurement value of a head of the encoder
system that measures the positional information of the movable

body in a measurement direction parallel to the plane and a
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measurement value of a measurement device that measures a
rotation angle of the movable body in the surface parallel
to the plane are acquired; and

a computing process in which positional information of
a measurement beam emitted from the head in a direction
perpendicular to the measurement direction in the surface
parallel to the plane is computed, based on the measurement
value of the head that has been acquired and the rotation angle

that has been measured by the measurement device.



