1 DESCRI PTION MOVABLE BODY DRI VE METHOD AND MOVABLE BODY DRI VE

- SYSTEM PATTERN FORMVATI ON METHOD AND APPARATUS, 5 EXPOSURE METHOD
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 net hods and novabl e body drive systens, pattern formation nethods
and appar at uses, exposure met hods and apgar at uses, device

manuf acturing nmet hods, and calibration nethods, and nore particularly
to a novabl e body drive nethod and y drive systemin
whi ch a novabl e %ody is driven mﬁtﬂﬁﬁg??i¥¢ﬁgﬁikwn pl ane, a pattern
formati on net hod using the novabl e body drive nethod and a pattern
formati on apparatus equi pped with the novabl e body drive system an
exposur e net MOVASLE BODYDRIVE MEHHOD BNDEYOVARLE BODEXDISIVE

apparatus equi pped with the novabl e body drive system a device 20
manuf act ur | ngS ¥EIRA, UBARFRRN EQRIGITON: METHGD raNRAPBARATUS,
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TECHNICAL FIELD
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 egquipped
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



manuf act uri ng m crodevi ces (el ectron devices and the |ike) such as
sem conductor devices and liquid crystal display devices, exposure
appar atuses such as a reduction projection exposure apparatus by a
st ep-and-repeat nethod (a so-called 2 stepper) and a reduction

proj ecti on exposure apparatus by a step-and-scan nethod (a so-called
scanni ng stepper (which is also called a Zcanner) are relatively
frequently used. In this kind of exposure apparatus, in order to
transfer 5 a pattern, of reticle,(or_a mask) on a plurality of shot
by oas on o waPorPBeR)cind' o BeatioR bl ni TR Ve arBrBui st uh b
t wo- di nensi on LEegLl X e, i 08a(H 4 ;
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waf er stage bulsal 8918ed ed i gdanridrgg@res rdlbyetel) Fiddua@detuaia, ned
strokes in a scanning direction by linear notors and the |ike.

Posi ti on measur emenin ¢hishelndof dxposagearat dthe ,wah erdstrage tiransfer
generallyﬁferforned using a laser interferoneter whose stability of
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hi gher precision are irfcreasin
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variati on of nmeasurenent values due to tenperature [uctuation o tﬁe
at nospher e onatdieclxedrbkept i Esppeih Jdat Anothé hea Jead€r a i suatiieigOReEpber,
has come to occupy a |l arge percentage in the overlay budget.
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used for position neasurenent of the stage, an encoder can be used,
however ]gécaﬂé tqﬁ§i§#§5ggpees%gr es inga scanning d%rectign.by Iinear

motors and the like. Position measurement of the reticle
stage and the wafer stage is generally pérformed using a laser
interferometer whose stability of measurement values is good
for over a long time and has a high resolution.

15 However, requirements for a stage position contrel with
higher precision are increasing due to finer patterns that
accompany higher integration of semiconductor devices, and
now, short-term variation of measurement values 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.



25 scale, which lacks in nechanical long-termstability (drift of
grating pitch, fixed position drift, thermal expansion and the |ike),
it makes the encoder have a drawback of | acking neasurenent val ue
linearity and being inferior in long-termstability when conpared
with the laser interferoneter. 3 In view of the drawbacks of
the | aser interferoneter and the encoder descri bed above, various
proposal s are being made (refer to Patent Citation 1, Patent Citation

2 dthe lik f devi t iti f t
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Further, the neasurenent resolution of the con encoc?er was

inferior when(eempared Pacbhtaitaieid Q) orBt&it d1@wRMeh, 2rBcEhhkY1 iR
encoder which has a nearly equal or a 10 better neasurenent

resol uti on t hah @ deasee thatriermetsethhasosigpear ed éforagxaspihg, both
refer to Patent_ G tation 3), and the technol ogy to put the | aser
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to gather att I on. ver, for,.exa e, _in_the case i tion

measur enment lgglg%ofh“éﬂ_}r)r%\%\e/élﬁén apldéﬁﬁrggl:%?\% %ﬁ%’ng@t chc’@%l% e!igci,\rfor med
of the exposure appafaiss, i nERYEShdRe daBRASE P8Rl Y OLEhBEN A onal
waf er using an encoder, in order to avoid an unnecessary increase in

the size of thecoddervat agFeaandrt hrehi kempitedatdreaneisenriratotéter,
control the novenent of the wafer stage using 20 a plurality of

encoders, whihewevgxcliarentie  eftotrodaredhich baat g oleatini rgueheor a
novenent % t he wafer That i.s econes necessary to control

f st age. it
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Publ i cati on) No. 2004-101362

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 1ike, it becomes
essential to control the movement of the wafer stage using
20 a plurality of encoders, while switching the encoder used for
contrel 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 BApplication Publication) No. 2002-151405
Patent Citation 2: Keckai (Japanese Patent Unexamined
Application Publication) No. 2004-101362
Patent Citation 3: Kokai (Japanese Patent Unexamined

Application Publication} No. 2005-308592



Patent Citation 3: Kokai (Japanese Patent Unexam ned Application
Publ i cati on) 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 circunmstances described above, and according
to a first aspect of the present invention, there is provided a
novabl e body drive nethod in which a novable body is driven along a
substantially predeterm ned plane, the nethod 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 systegsltgt%ojs c&g @HE LE’M *I@‘Nfi rst heads which

I rradi ates a nmeasur enent beam on a grating whose periodic direction

is the first piEzei PORPEGLVENG THEepRbYIGMa®d recei ves the beam

fromthe grating and is arranged in a 15 direction intersecting the
first direction, arthe peesorabirerdrddyn baslbiecamadong ¢éres plarstion of
based on a neasurepment result of the positional information and
posi ti onal® i nEBE net T sy fracsipad Alae + andhacpPEnHfta gefirst

nmeasur enent beam em t from at, l.east ,one of, the .first heads used
R e ot P SV R R A
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in the first direction is nmeasured using at [east onhe
the encoder sysbstanaiwl bageddenetrfitngtasiimderbher @sthdd Pmgri€ing: a

positional information and

drive process in which positional information of the movable

10 body ina first direction is measured, using at least one first
head of an encoder system that includes a plurality of first
heads which irradiates a measurement beam on a grating whose
periodic directionis the first directionparallel tothe 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
positicnal information in a surface parallel to the
predetermined plane, the movable body is driven along a

predetermined plane. Accordingly, it becomes possible to



25 positional information of the measurement beamemtted fromthe at
| east one first head used for the nmeasurenent of the positional
information in a surface parallel to the predeterm ned plane, the
novabl e body is driven along a predeterm ned plane. Accordingly, it
beconmes possible to 5 control the novenent of the novabl e body,
usi ng the encoder systemincluding a plurality of first heads.
According to a second aspect of the present invention, there is

provi ded a pattern formation nethod, conprisi.ng; 5 nmount process .in
whi ch an objean%§°;ﬁ5%?éﬁ“@ﬁm§%n83a5¢%qggﬁ§1FhQPg¥anu%HW% e gncoder
novenent pl aneg; ' r i Leh e body is

driven by thegﬁgggﬂlgng%%%fh f%gﬁﬁgfﬁggwgkgtE%P%$g§%ﬂgiﬁnvention, to
forma pattern to thAecohjienf toAs Gbnakpetbhicy BRENSLLsehid8BvERE ion,

pattern can be formed 10 on the object by forming a pattern on the
obj ect nount etthernetihe puwwalded bopyttedn dorms tdonveathsd ngamyrisiegofa
t he novabl e body drive nethods of the present invention. According to
a third asfpecFOBFth@C;ﬁSéséﬁtwn%ﬁ}bﬁpif&ﬂe%éﬁem%nifﬁ%méqwaﬁl@sgody
dext o LT SEhUE 8, REFDN, Rl RIS A PELE S A LR AT eSS,
Sl ot v 13 4 RNASLE LR a8 ol RbeapL ey SR ko
provi ded a fiosttlexposegentivEnivethtilonyhtehférpad tffitern to the object.
According to this method, a desired pattern can be formed
10 on the object by forming a pattern on the object mounted on
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 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
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



20 is forned on an object by an irradiation of an energy beam wherein
for relative novenent of the energy beam and the object, a novable
body on which the object is nounted is driven, using the novabl e body
drive nmethod according of the present invention. 25According to this
met hod, for relative novenent between an energy beamirradi ated on

t he object and the object, the novable baly on which the object is
nmounted is driven with good precision, using anyone of the novabl e
body drive nethods of the present invention. Accordingly, it becones

possible 6 t&OFLPTH & dESAFEd BRARSH M OBt R ORIISICECPY BiFRHma RgPosure
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there is provided a Second "exposure fet . gx .

an ener gy beafhet8ei 85O LA istlcBEd asageswg et Y €&bo@Ing an
novabl e body that can nove at least in a first and second direction
ort hogonal i nokjecedettdr mnnedepyanssagndheonethbd i dgnpr ipdsigt:i abuting
the novabl e body in the predeterm ned pl ane, based on measurenent

i nformati oh ofharPsiredder ayevahmlewiidhthas eremeveatylapstiginacfinst
and a head unit ,arranged, 10 on a surface of the novabl e body where
The obj ot | o=HS HRCCR A THE G REEPAPSEA brirep GugF SO AR O P LSthen o

of the novabl I ; [ | .info i

Tovabl e body LR T he D e e r e el ph e ek PR b Re Bl e
grating sectipnagephgsadpbiimdbhyenénbaatorabtibg Jeaf diidderlsyshéh,
positional information of a detection point of the head used for the
measur enent i whichhhdacmeparabl gtating becgiedeard m echdpliane. arranged

According to this nethod, it beconmes_possible to control the position
of the moWhbl €0 oA HTACEHST R EOFARLAGOR afere the object is mounted

and the other also arranged facing the surface of the movable
body and also measures positicnal information of the movable
bedy in the 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



20 using the encoder systemincluding a plurality of heads wi th good
precision, wthout being affected by the neasurenent error of the
encoder systemdue to the position of the detection point of each
head, which in turn, makes it possible to expose the object on the
novabl e body with high precision. 25 According to a sixth aspect of
the present invention, there is provided7 third exposure method of
exposi ng an object with an energy beam the nethod conprising :
nmounting the vabl e bod¥ t.hat cag&nove at least in a

obj ect on, a
first and secBRA. G PEbL I O BIEAGENAT TIF A PABAE Bl Mot T aRecncoder
measuring 7 99%&9%#&1{1@% l-oR £Of, gbgtm%a?é&i%q%nﬁﬁ'an ega.lfmit
encoder syst em 1ch as one o a grat ng se t1on and a ea uni

arranged on aasuifigee &f 4 harmvabbe EHQYmMﬁ@EEﬁtﬂﬁﬁyﬂﬁn%Q% kBeh8bflect
and the other is also arranged facing the surface of 5 the novable

body and neasusdslpbsing dhalotihdmisaslsn afrangedrbeabhe tiodpurfiatheof
predet er m ned glane with a head that faces the grating section anpong
a pluralitdy ofPR&RIERIe PREYhERY NaRTUrefmBossht PBRL | Mif Qe tios of okle
of the novable b in the edet erm ned pl.a bas on _correction
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system t hat %Hé”?réiﬂ%%%é&%&oﬁoéhbhen 051 ¢ S AF I Me a0 bRCthe head
detection point of the head used for tﬁe measur enent and nmeasur ement
i nformati on ofinite aericodet reysimmehAcses thi ingh b@ tid morabletody in the
beconmes possible to control 15 the position of the novable body in
t he predet er nP¥eeE R EHaakpdgnehebaneddenr systeshian Hndostapiesi tpon,
g affected by the nmeasurenent error of_ the encoder system
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there is provided a second device manufacturing nethod including a
|'i t hography pnexassemdrar einformathen| of holge agrioder 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 1t 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,



25 process, an exposure nmethod according to one of the second and
third exposure nethod of the present invention is used to expose a
sensitive object nounted on the novable body, and to forma pattern
on the sensitive object. According to an eighth aspect of the present
invention, 8 there is provided a novabl e body drive systemin which
a novabl e body is driven along a substantgally predeterm ned pl ane,
the system conprising: a grating whose periodic direction is a first
di rection pargklel‘to t he, pl ane; E}encoder system which_5 incl udes a

plurality of FPPEE IFERART1IR4 2 MPraRT & oy A Hasay SHEh L P GhmpFRadle

grating and r fr ed i

direction int gggg %%F%%E?%Q%?@n g%tpgg Iﬁ%%&ifg&r% gﬁ??ﬂip?grp%\ﬂﬂeéhthe
nmeasures posi ti;9pah ¢RI 04 rhhengovRbie hododi Eﬁ%eEhEéﬁ is a
direction using 10 at least one first head of the plurality of first
heads and dri g&sst lid reotabherady edl omghehel grlegnen ehasddraydtegm which
measurenent result of the positional information and positional
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system and basescoion hanteas Woresl 16eSihish Gled 8- R0Pdsi @A8ha20
information and positional information of the neasurenent beam

enm tted from ihEoxnatisas pfonke fiawibleehddysiod ther £ iests Wiewent oaf usirey
positional information in the surface parallel to the predeterm ned

pl ane, tHY m¥aptFodrs §16?Fv1é?|adal%'=ndjh€h@lb¥%%l-’b’ﬂér9§ rfé&sﬁl Baads and
Accordingly, d£1$§%(¥H% movable body aleng 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 contrel 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,



25 possible to control the novenent of the novabl e body, using the
encoder systemincluding a plurality of first heads. Accordi ng
to a ninth aspect of the present invention, there is provided a
pattern formati on apparatus, the apparatus conprising: a novabl e body
on which the object is nounted, 9 and is novable in a novenent plane
hol di ng the object; and a novabl e body drd ve system of the present

I nvention that drives the novable body to performpattern formation

Generati g a BRELSFARRELe ThjBev ko BURLRS U S PEHosy Bl
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Accor di ng tO_arieeéhtﬁépﬁ6$aﬂﬁetﬂa%ypE%SﬁekbeMeﬁétﬁﬁbnJébﬂdyﬁﬂ%d #ith
provided a first exposure apparatus that fornms a pattern on an object
by an irradi areepeoft anm Emergyjdmram the apparatus conprising: a

patterning device that irradiates the energy beamon the object; and
t he novabl® body dri&e0xdifiehPdduidr aPRPgraels hdypIeneratingemdtéern on

ther by, Lhe, ToyEl otk 15U B e DB v ot ot
and the obj eCkystems of the present invention with a patterning device,
it becomes possible to form a desired pattern on the cbject.
According to a tenth aspect of the present invention,
10 there is provided a first 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 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



According to this apparatus, for relative novenent of the energy beam
irradi ated on the object fromthe patterning 20 device and the

obj ect, the novabl e body on which the object is nmounted is driven by
t he novabl e body drive system of the present invention. Accordingly,
it becones possible to forma desired pattern on the object by
scanni ng exposure. According to an el evenph aspect of the present
invention, 25 there is provided a second exposure apparatus that

exposes an objec%,mﬁth an energy beam the apparatus conprising: a
nmovabl e body PRAFLRBIIRCHIRN gt Nedd Yl hdwaBrEanged k@ sHriappr of

and second di t] i I rthogonal 1n a predeterm ned ane;
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uni t s arr angedanfed rauihgeheful e d0Y BRbaRABY JRLE L8 p8REEELnL S
hel d and the other is arranged facing the surface of t'he novable
body, and positforadticd arfretheomoohbl Bebsay abh ectodrddetetiined plane

predeterm ned plane 5 is nmeasured by a head that faces the grating
section of° a pfuredseseEdLhaadsadft thaé Reaes ubhe grxatdry cestionl ef 2
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of the novable body in the predeterm ned plane using the encoder

syst em i ncl udémng reogilturamlailt yndbrhetten wift la d8tgobtopredirdi of, thet head
bei ng affected by the nmeasurenent error of the encoder system due to
t he posi ti%n B¥ed HeP e MeGsUBEIRRtoin edicTU Heaee PaFiadAeilnteuEhe

ekes 11 POSShBG S BRGPRLNe oDl ect on the rovable body with bl o
According to this method, it becomes possible to control

the position of the movable body in the predetermined plane
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 section

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



20 there is provided a third exposure apparatus that exposes an
object with an energy beam the apparatus conprising: a novable body
that holds the object and is novable at least in a first and second
directions which are orthogonal in a predeterm ned pl ane; an encoder
systemin which one of a grating section 25 and a head unit is
arranged on a surface of the novabl e bodyiwhere the object is held
and the other is arranged facing the surface of the novabl e body, and

positional infqormation of the novabl e bo in the predeterm ned pl ane
i s neasured bﬁga&‘i‘ifeé’&atdh‘é?l?h@é‘g ?r‘?é’“&rrgﬁﬁﬁﬁ hat contopla PrupastEyon
of heads 11 N optraoller th ontrols _the
posi tion of tﬁg %ggalg?gg%%%yquﬁﬁt qle%g(réegé g‘rajﬁ”?ﬁ%%inp fﬁleafnedasbgﬁe%non

correction i ntgEpBEL 08n t th COHMMANTAH @of CbmplssABEASEH LB rfidRrefbnthe
encoder systemthat occurs due to the position 5 or displacenent of

t he det ecti onepoontobftichenkhedd rusestdmrtiate creassr én@tio am@ position
measur ement i nformation of the encoder system According to

this nethot, Pr BERRRETRINsOE sheoderrtiin pednsosft tiom hefad meed for
novabl e body [n the predeterm ned plane 10, usi t he encad system

Wi th good preElgi BReSHregt B MG SRFERPRH DY IR Thole Pre bRt SBRPOFE
of the encodeg,systemthat occurs due to the position or displacement
of the detectidn poi nt of head used for the neasurenent, which in

turn, makes It possidddrdinExd@se stoia 1y, ect beRokhbe pHRvablie hdynvidh
hi gh 15 preci sion. According to a thirteenth aspect of the

present inventhemositeira iof pheviaezble taldybiat tlom pretdeded rodeadi plame
encoder systemthat neasures positional informtion of a novable body
that moveld al BRa i SNERERE| PSR dbitdr FPREPDRCHI Eif Wi tAoulr PatRd

parallel to th . fhe method conprising: an.acquiSition process
PR Whi ch t he BETSETE bah) T R T T B RF o oR et h avaRe R T
surface paral bebutd dlte oo 8RE B0sh @ SPRIGETBILUMNE S cReNBBELE10n
t he encoder systemthat neasures the positional Information of the

movabl e 25 bodyint of heasunsaefiordtheatiedu feateait], elvhi 6h tite tplranenakss
a measurenent val ue of a nmeasurenent device that neasures a rotation
angl e of the hoPsisisé bBedio ieapeRe e Phdechamathe mauabliecbpdvmd thrlkigh

acquired;. and a conputing process in which positional information of
a measur ementPbRaT e tted fromthe

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 agquisition 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



12 head in a direction perpendicular to the neasurenent direction in
the surface parallel to the plane is conputed, based on the

measur enent val ue of the head that has been acquired and the rotation
angl e that has been neasured by the neasurenent 5 devi ce.

According to this nmethod, the novable body is rotated at a
predeterm ned angle in the surface paral gl to the plane and the
nmeasur enent val ue of the head of the encoder systemthat neasures the
positional inforngtion,of the novabl e, body 10 in the nmeasurenent

direction par aFPEID RECHEAR&ZRET heut@a&oridhieRea yar eRet di fection
measur ement deyi cg.t 3 fe%%eaﬁ]éé:%%lglr %3%82%13‘5}94 gL,sOf Otgllgiglg vagil%g?%ce)glly

. C
in the surface paral Ne aré acquire an Sed

measurement Vvahdanddsiheneifadaihatohanebrend acht hed Bdh tReunekation
angl e that 15 has been neasured by the neasurenent device, positional

i nformati on ofhéhstregaisur enghe tiesmheni béed rfeaemredebheddt noasheement
direction gerpengi cular to the neasurenent direction in the surface
paral l el td t#evEfane is conputed. Accordingly, it becones possible

t librate the i tional Inforpmati 20 t he syrenent beam
e?n' tC?e:j ;?oren a heg Sclicﬁ!ré]{] iy t&?%ﬁs ;5‘5%%%. g}]?a?o‘f$f%g’%a%§r’é%ﬁed
di tion, whi f. i_n rar. i

Val e | arger ThanErRaRearh ST A0NI 8 LN G0 B Y phrald el I REE Slpne

preci sion. 25x1R fHe RRIGRIBAELN €1 Jdiz ORAW Nesd Fb S thk iehicBd¥redystem
schematically showi ng the configuration of an exposure apparatus
rel ated to antkabodiaseres Eh&popitdoaapl amfanmevt isinowt nghamvahée body
device in FIG 1. FIG 3 is a plan view showi ng the placenent of
vari ous 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 is a plan view showing the placement of various



13 neasuring apparatuses (such as encoders, alignnent systens, a
mul ti point AF system and Z sensors) that are equipped in the

exposure apparatus in FIG 1. FIG 4A is a plan view show ng
a wafer stage, and FIG 5 4B is a schenmatic side view of a partially
sectioned wafer stage WST. FIG 5A is a plan view showi ng a

measurenent stage, and FIG 5B is a schefpgtic side view show ng a
partial cross section of the neasurenent stage. 10FIG 6 is a block
di agram showi ng amai n configuration of a control systemof the
exposur e appalfae&4r oy ARRPIEE 1S Se iBoEh Ehencoders, Fligmmens gHateBs,

i ews for_describi it t of t fer table in,
the XY plane By &t piRIHIT Oy 285Pmertinds SoRRPER’ r EXpectiv S PRER

a plurality o e ' ape~of,an array and a carryover
fnd é‘ﬁ‘ﬁo@ﬁ?& ddb-dhe shapecof 4

of the measurenent val ue between the heads. FIG 8Ais a view
showi ng an exanpl e IfG .a 4eonki HWaln edepf sidvBREQIREFe aNEt G 288 kG A
vi ew used to describe a nechanism 20 of the generation of this

measur enerft e#Bois ands¢heme tiicewifder videwcor ba nopet radllat isecthennd eva e
incident light and a diffracted |light of the beamin the encoder head
with respect $82¥hd"?®flection grating. FIG 9A is a view showing a

case when a measur EE[_'iFd'.t SXa:{.su% plan view showing a measurement stage, and

FIG. 5B is a schematic side view 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. BA 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. SA 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



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 FI G
9B is a view showi ng a case when a neasurenent val ue changes when a
rel ati ve novenent in a non-neasurenent direction occurs between a
head of an encoder 14 and a scale. FIGS. 10A to 10D are
views used for describing the case when {he nmeasurenent val ue of the
encoder changes and the case when the neasurenent val ues do not
change, when a relative 5 novenent in the non-measurenent direction
occurs bet weeAndhe #eabteand the scal e. FIGS. 11A and 11B are
views for explaining an %geration to acquire correction |nfornmation
't

to correct a measur Ario? 100 aRe gy Frsed Fak Q?S%ﬁ% Fhuerid
e 112 v 40 TRIBTERL ol USSO A ARRREE LD g cpe cace

non- neasur enen lrec

nmeasur enent egReh Ohe lMEa ANCOHRNE Walllle5e§Pedt IchdiR ChaRACal Relbigi e

position in pitching anount 8x = a. 15FIG 13 is a view for

expl ai ni ngd anmopemant dm the atouHnea sa@rment i dir datfianmatcons the teeenecte
a nmeasurenent error of another encoder (a second encoder) due to the
rel ati ve novehe®dd #ndite Hed®and the scale in the non-neasurenent

direction. FIG 14 8.2 YhgWPh,8006 L RLNG A CaLLDLaLL of R OSERS: i on
to acquire correction 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 8x = «o.

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 positicn.

FIG. 15 is a view for explaining an inconvenience that
occurs in the case a plurality of measurement pocints 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 (No. 2).

FIG. 18 is a view for describing an acquisition operation

of correction information of the grating pitch of the scale



20 of a head position. FIG 15 is a view for explaining an
I nconveni ence that occurs in the case a plurality of neasurenent
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). FIGS. 17A to 17D are views
for explaining a nethod to neasure the uggvenness of the scale (No.
2). FIG 18 is a view for describing an acquisition operation

of correction information of the grating pitch of the scale 15 and

t he correcti oanidntie ned rectdfort Hefgrabi hgndef orlmatgmating deforma €166,
19A and 19B are views for explaining a concrete nethod to convert a
nmeasur ement val ue oflGthe 1€Acabdr 1 PP aareh &4 ese ROk R reldtidd ngheocancrete
position of waf tage WoT. 5 FIG. 20 is_view to plain the

Swi t chi g pr oBEBROBILY REMEREH AP SRECTHTE Uhd oSt B BnoRORRTBIEhRS BHR
XY plane of tBSeﬂ@é@fré&ﬂﬂfdﬂto a Po 1t1Bh e gt Sr & 0bRWysT,
conceptual |y show ng position cont ofEi of “the wafer sta e, I ntake of

the neasurenment valpgs ofothe viQweps adgilaianghanwanedday sybdsdd BF the
timng. FIG 22 is a view showi ng a state of the wafer stage

and the neasueede@er sisege fohi tlee @opdddre bynbral dp- dhd-X¢ griamet hddths

being performed to a wafer on the wafer stage.
wafer stage.

FIG. 21 is a view conceptually showing positicn control

of the wafer stage, intake of the measurement wvalue of the
10 encoder, 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 1in contact after exposure has been completed.

FIG. 24 is a view showing a state where the measurement
stage moves in the -¥-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 23 is a view showi ng the state of both stages just 15 after the
stages shifted froma state where the wafer stage and the
nmeasurenents stage are distanced to a state where both stages are in
contact after exposure has been conpl et ed. FIG 24 is a view
showi ng a state where the nmeasurenment stage noves in the -Y-direction
and the wafer stage nmoves 20 toward an uploading position, while

mai ntai ning the positional relation betweéen the wafer table and the
nmeasurenent table in the Y-axis direction. FIG 25 is a view
showi ng a state of Ele Rdfis asthge sandinhhea measer efithie safge sthege il
measur enent stage has reached 25 a position where a Sec- BCHK

(i nterval) isthemsnswgement stage wheg the MeaspRAMSRts M AJIW St pean
of the wafer stage and _the neasurenent, stage whep the wafer. stage has
moved f1om t HP Qo adC AT LrBoT o o TOaHN fgBOST EPYP A9FaR &7 Ferer
with the Sec-BGHK, (i nterval) being perfornmed. 16 FIG 27 is
a view showi ng a state of the wafer stage and the neasurenent stage
when the reasurenmentIcs! @age i BN eGidw HbwAPly BBkt S$€& W Wajithi BYapesi fh&n
and a wafer is |oaded on a wafer table. 5FIG 28 is a view showi ng a
state of bot htke¢ agetenwharrgehdasafieredt hgea hass itoeed where pbsi PronBCHK
where the Pri-BCHK former process is performed while the nmeasurenent
stage is waitFPE e RIRCT ilPaPesEPuRedaiity Hisimeasyrement stage is

waiting at the optimal scrum waiting position.

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

10 the measurement stage when alignment marks arranged in three
first alignment shot areas are being simultaneously detected
using alignment systems AL1l, ALZ2, and ALZ2;.

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 AL2; to ALZ2,.

20 FIG, 32 is a view showing a state of the wafer stage and
the measurement stage when at least one of 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 AL2, to ALZ,.

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

the measurement stage when alignment marks arranged in three



FIG 29 is a view showing a state of the wafer stage and 10 the
measur enent stage when alignment marks arranged in three first
al i gnnent shot areas are being sinultaneously detected using

al i gnnent systens AL1l, AL22 and AL23. FIG 30 is a view
showing a state of the wafer stage and the neasurenent stage when the
focus calibration former 15 process is beyng perforned. FI G

31l is a viewshowing a state of the wafer stage and the neasurenent
stage when alignnent marks arranged in five second alignnent shot

areas are bei A§UEFaligRBENEIShafe BRAITATENG I B I HRHEIc WS vedat gted
d AL21 to AL24. 20FI G 32 is e how as e of the wafer

2’?age and ?heuﬁ'b%%u?’ :h%rmerﬁ:[ ;f’é'g%\?ﬁénx%i’ |¥a€2? aﬁ'l‘fle%g'%% he Pri-BCHK

latter process and gfye BECUS 5 é»Prs@Jowa?'éfstts?e%@%%swa§ep<§bgcaggnaopd

performed. FIG 33 is a view showmng a sfate o e waf er stage

25 the neasurenenhesd BgEnaMie B talgegRABAL t &I KScwdd digaehgl Raki ¥gdédird
al i gnnent shot areas are being sinultaneously detected using

al i gnment Ssystens AIG.aRd 8 21flow Ab24t for explaBhGng3an iesbadyinent of
showi ng a state of the wafer stage and the neasurenent stage when
al i gnment  mar kKBS ¢ G ey i@gtaging 7method.

FIG. 37 is a flowchart used to explain a specific example

of step 204 in FIG. 36.

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 method, 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 8 ¥,
® v, and & z directions, respectively.
Exposure apparatus 100 includes an illumination system

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



fourth alignment shot areas are being sinultaneously detected using
alignnment systens Ail, AL22 and AL23. FIG 35 is a view
showi ng a state of the wafer stage and the neasurenent stage when the
focus mapping has ended. 5FIG 36 is a flow chart for explaining an
enbodi ment of the device manufacturing nethod. FIG 37 is a
flowmchart used to explain a specific example of step 204 in FIG 36.
10 BEST MODE FOR CARRYI NG QUT THE | NVENTI ON An enbodi nment of

t he present imxfntion i1l be d ﬁcrybed bel ow, mgéh reference to

FIGS. 1 to 3silliuminatgsby ag, BAFEGR shHRE of VorsRPGEREEI on of an

exposure appayatpg; JO Lel glad a4t R Sgbggi“Eﬁﬁgm#ﬁggigﬁgg}éﬁaf or

apparatus 100 '1s a scanni'ng exposur € apparatus o scan
net hod, nanel yeipes$es ¢abhed) 3¢ANNK 1106mi batddd shscépder Iabgeloﬁ 8¢efon
a projection optical systemPL is arranged in the enbodi nent, and in
t he descri ptionibefdvirhat dirrcdoidesnppalattbn t aptaircadptsysdlema®i.s thet of
projection optical 20 systemPL will be described as the Z-axis

di rection,® a BFPEREF DA WUHINRtAop| dhehbr ThrjoHdied Fromergtagig R on a

direction i whieh @ Lebigle and: . vel oh g gapelalixel L scanngd wb.
and ot at i onal 1T RAT TR R Bet | s araina g ol 2hd RS Pl
Y-axis, and the waxt stsidd wee,deacerbrdiasndhnted) y, and 0 z
directions, respectively. Exposure apparatus 100 includes an
illum nation systerhllumination system 10 includes a light source and an
10 illumination optical system that has an illuminance
uniformity optical system that includes an optical integrator
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.2003/0025890) and the 1ike. 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 1light
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



10, areticle stage RST that holds a reticle Rthat is 18
illTumnated by an illumnation |ight for exposure (hereinafter,
referred to as an "illumnation light" or "exposure light") IL from
illum nation system 10, a projection unit PU that includes projection
optical systemPL that 5 projects illumnation light IL emtted from
reticle Ron a wafer W a stage device 5Qgt hat has a wafer stage WST
and a neasurenent stage MST, their control system and the |ike. On
waf er stage WST, wafer Wis nounted. |llum nation system 10 includes
a |ight sourc&YamtRnm byoa ingtdmileatage epiveaty shiast éin tinit shasnadm FIG.

i |lumi nance ugiformity optic stemthat includes an optical ,

i ntegrator an ’tﬁ%&?‘rf%@ gh!a':é)r Z‘%‘F | EBtYHP End iFer Irrioizé’pr(‘ﬁ’c')&@eo?‘lke'
whi ch are sho , L6 di i.n, _F i

Pat ent Unexan%ﬁédr%gﬁf?%a%?%%ggﬁgiﬁ%a?ﬁ%%)aﬁggg%g%152E§5§%%%§%?§%§Ed
corr espondi ngsbafnifaioatte cApBhi @atd vra:PUblE eatt 0o Nan2003/00R5890  ral

‘and the like. In illumnation system 10, a slit-shaped illum nation
area extendi ngiracthen Xefxilse dagectsiuafanki ¢h FEGsel) @t reetdeslignRtedt h
areticle blind (a, masking systen) is illumnated by illum nation

light 20 (exp8SArRIPYgPRSedL with a substantially uniform
illumnance. In this case s;illumnation ljght IL, for exanple,. an
A Fexcimer | aser  bRAT Ui BhERTPASET Fhyet Sind ot bl oR e IB5EAE R
optical integiatoke 605 @XM Rn)Ack! YebYL1behSagd KO 1N tRQ" AbEMERD
internal reflection type integrator), a 25 diffractive optical

el ement or thplbih&keisadorhedisdd. detectedPnNfoet éedmpld,agd BStesbeiit Lhe
R on which a circuit pattern or the like is formed on its pattern
surface (the pdwerowndf@ce tim IFn@ by) ai setigde, ldzar ediepiiserompter

vacuum chucki ng. ticle stage RST is finely drivable or novable in
within an (gergﬁhaéier ref%rre§1u>as a "ré@icle fhterferometer") ile6,

via a movable mirror 15 (the mirrors actually arranged are
a Y movable mirror that has a reflection surface which is
orthogonal to the ¥Y-axis direction and an X movable mirror
15 that has a reflection surface orthogonal to the X-axis
direction). The measurement values of reticle interferometer
116 are sent to a main controller 20 (not shown in FIG. 1,
refer to FIG. 6). Main controller 20 computes the position
of reticle stageRST in the X-axis direction, Y-axis direction,
20 and the € z direction 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.



19 XY plane by a reticle stage drive system 11 (not shown in FIG 1,
refer to FIG 6) that includes a linear notor or the |ike, and
reticle stage RST is also drivable in a predeterm ned scanni ng
direction (the Y-axis direction, which is the lateral 5 direction of
the page surface in FIG 1) at a designated scanni ng speed.
Positional information (including rotati@h information in the T z
direction) of reticle stage RST in the novenent plane is constantly

detected, for exanp at, a reso i on of ,around 0.5 to nm a
reticle laser int er#%?%‘?%?e?‘n FR%JFglLéFtﬁacreedf g?ﬁ@ﬁ rte_g:la%easg?%‘f’ iP%#eln
interferometepry 116, pildyarTRYaRhe: ﬁr%cﬂ@el(é %e.ﬁﬂrégrgo?céﬁ! ly
arranged are a Y novable mrror that has a reflection surface i ch

i s orthogonal pkojébeidn aptscdilr egéten mNEhan hedevabheality &f dptibat
has a reflection surface orthogonal to the X-axis direction) . The

measur enment vallalesnb$ whdtha e het@rihey pretetrednibied posenional gehation
controll er é %shownln FIG 1, refer . to FIG 6). Main controller
20 conpute% t hEspaRi PaorehidG et ﬁaerga%@%l%sm%éxsaﬁ#@a. Plct fom,

Y-axis direct] n irection based on .t.he asure
Vaiues of et PR ERy B EL00ER S BT EER L SheR b PR BT
(and vel ocityprofed£dd C('l%n%t égémg‘ﬁ@sPYtr?éH‘tlrsohhbﬁgsé&tdl%r% %hagﬁtlcal
drive system 11 based on the conmputation results. Incidentally,

i nstead of nozabserXy rwloicH S5 pheaddgd sdrtheez2xiod dietdatlienst age
RST can be mirror polished so as to forma reflection surface
(correspondl n@r@beff’fh?em‘r IRE@dlosYSEeralE &%, nﬁwatﬂ@mﬁhenoﬁ pprh-side

urther FU R fulSie S aEler MO can MRSy e posL Bl
Z-axis, 9 %, 3 eti G (8Ghi8MSat18f (such as one-quarter, one-fifth, or
one-eighth times). Therefore, when illumination light IL
fromillumination system 10 illuminates illumination area IAR,
a reduced image of the circuit pattern (a reduced image of
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 liquid 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



Projection unit PUis placed belowreticle stage RST in FIG 1.
Projection unit PU includes a barrel 40, and projection optical
system PL that has a plurality of optical elenents which are held in
a predeterm ned positional relation 5 inside barrel 40. As projection
optical system PL, for exanple, a dioptric systemis used, consisting
of a plurality of Ienses (lens elenents)2that is di sposed al ong an
optical axis AX, which is parallel to the Z-axis direction

Proj ection op exanple,. a_both-side, 10,

tel ecentric d?%%?#ﬁéxéy en1?%g?l%ggxgoﬁggﬁé?kﬁﬁﬁﬂéflﬁﬁbﬁ%%Y%%ﬁgarea
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Therefore, when illumination Iight (L fromillum nation system 10
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pattern (a reduced inmage of 15 a part of the circuit pattern) of t he
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pl aced on a second plane (an image plane) side, via projection
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1). And by reticle stage RST and wafer stage WST being 25
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exposure area (illumnation cannlng exposure o
a shot area (®iviited area) .omonalbes/Yesssperpareadicandniieppathsrve
of the reticle is transferred onto the shot area. That is, in the
enbodi ment, tswepattest by sugeresavedvwibbh wadsredlV docer dangfrsme member
|Ilun1nat|on 5 systen110 the reticle, and projection optical system
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nmounted on a barre&bﬁ%%bEQrﬂhsé%ﬁEHﬁfgjapparatus 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 B is arranged so as to enclose the
20 periphery of the lower end portion of barrel 40 that holds
an optical 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 equippedwith a supply opening and a recovery opening
of liquid Lqg, a lower surface to which wafer W is placed facing

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



10 by three struts via a vibration isolation nmechanism however, as
is disclosed in, for exanple, the panphlet of International
Publ i cati on No. WD 2006/ 038952, projection unit PU can be supported
by suspension with respect to a mainframe nenber (not shown) placed
above projection unit PU or with respect 15 to a base nenber on which
reticle stage RST is placed. Furth?, in exposure apparatus 100
of the enbodinent, in order to perform exposure applying the liquid

| mmersion et bed, & 00621 SN 224080 SAISLLLULER A, AALL 0L AnL0Fa)

liquid imersion dévice i'S arranged soas to enclose the 2

periphery of thesl pyehi &ndhRant idpeohiRarhgl 2 40; Llbvad ﬂE@o@%r@”pQﬁé'@fﬁ
el enment that is closest to an’inmage plane side (wafer Wside) that

constitutes pregpettivebpt i dalsisywt am PLG. Bhi Thaqubsd aupey pipe 31A and
(hereinafter, also referred to a "tip lens”") 191 in this case. In the
embodi ment, asighbiureicRVErB Pipe R arevicrc2Bashat sur #agke of 4fodegeees

of 1ip 1 ers T1EREAERE, ERGIA & HhI T TS BRAFhEASW T SbBPryIon
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arranged, andpda&:@phitnh 2edde eBapnstranghe 18e0ves Vi tow ghanrng!
that are connected to a liquid supply pipe 31A and a liquid recovery

pi pe 318 respéitevielgn thmtshewnesntitdhgB opltigal dasip@yy ofi peo3ddt o
liquid recovery pipe 31B are _inclined at an angle of 45 degrees 5
with respect ?PBtiFRl 6¥s4a dlr-ection and the Y-axis direction in a

I i wh i d b d i [ 1, I d, with
P g uen, MRl SR ROV Ry PO TG kPRt B
through optical @k $ipK1 f?plselsq@,t mm@péﬂecekhéy%mﬁ%hé%%g%g@iﬁé

a supply pipe (hot shown s connected to liquid supply pipe

whil e the ot hgs ®stheftddh@osupbiyuid paprd ycdareetes {rota shiogi dn FIG.
supply device 5 (not showmn in FIG 1, refer to FIG 6), and one end

of a recoveryl pinedefnoe Fisown), podcormedtert Bord¢dauiny pepevieror pigen)

31B while the, other end 15 of . the recoveréﬁgjpe .S conpected to a
li qui d recovety TFERSGESS ERotI BHEWT SERVEF G PAPe Sdfe Rt 62 Filg ofper end

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

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

25 the same temperature, for example, as the temperature within
thechamber(ﬁotshown)wheretheexposureapparatusishoused.
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



Liquid supply device 5 includes a liquid tank, a conpression punp, a
tenperature controller, a valve for controlling supply/stop of the
liquid to liquid supply pipe 20 31A and the like. As the valve, for
exanple, a flowrate control valve is preferably used so that not
only the supply/stop of the liquid but also the adjustnent of flow
rate can be perforned. The tenperature cdhtroller adjusts the

t enper at ure of the liquid within the liquid tank to nearly 25 the

same tenper at fo xampl as_t.he erature w Mn

(ot shonry whoPe T S 1T85F o= Enhr At ETED FollSie® iof PybREAFHESR T
tank for supplyi ulgﬁehtwaqaamg ﬁPEPé%&%h@rbnoHHP&lﬁcQ%ﬁe@d@éﬁ
controller, the valve, and the |ike do not all have to be equip ed |n
exposure appasppaisat?s 100Qs dandtallkgast a part of them can al so be
substituted by the equi pnent available in the plant or the |ike where

exposur e appar at us LigMiid regovakiedevite s drdosiesr ¢ déahéd Bank, a
i ncl udes liquid tank, a 5 suction punp, a valve for controllln

recovery/ OpSB?t{?REHqWﬂﬂ @'WP&VF|EBFdC?%RﬁﬁﬁﬂﬁﬁﬁmﬁﬁgongY ShePtfe the

like. As the y e r bl
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10 the like do not all have to be equi pped in exposure apparatus 100,

and at |east ®opaectvaiive dEmigqahdauppllyedesuinst bt utladtibignthel e uibeneark

available in the plant or the |ike where exposure apparatus 100 is

i nstal | ed. Inf@¥n¥39ﬁﬁﬁfl@§hthea%lquﬂﬁd|t@G|éuﬁéé@ﬁlﬂﬂﬁﬁhaﬁb@evabﬁﬁe Ell3s!
it w referred to,as "water" besides
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wat er can be obtai ned 'arge duantities at a sem conduct
manuf act uri ngcipd athpﬁlehﬁ%vlalﬂiable in the plant or the like where exposure
apparatus 100 is installed.
In the embodiment, as the liquid described above, pure
15 water (hereinafter, it will simply be referred to as "water™
besides the case when specifying is necessary) that transmits
the ArF excimer laser light {light with a wavelength of 193
nm) is to be used. 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



20 without difficulty, and it al so has an advantage of having no
adverse effect on the photoresist on the wafer, to the optical |enses

or the I|ike. Refractive index n of the water wwth respect to
the ArF excinmer laser light is around 1.44. In the water the 25
wavel ength of illumnation light IL is 193 nmx 1/n, shorted to
around 134 nm Li quid supply devkée 5 and liquid recovery

device 6 each have a controller, and the respective controllers are
controlled by, main controller.20 (refer tpo F 6).. ;Accordin 24 t
Chot ruct ons” FROMREFRC LT gl Sgn ErbCEshisniier OF FrasraLLERott
device 5 opens. % e L Q44 10 oTel VARl A; 1,0 ;
predeterninediégg$%e§%%§£%pp yQﬁhgeFBEgb(Fggéf tc)Fﬁégdgéféﬁot%h%§QUld

space betweenstppl{anioel 31nand avpl-etiebeWhvhad |deittied SUPRppIR} REL3EALY
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and recovery operations, main controller 20 gives comands to the
control |l ers ofohtxel kA S Udpui ddeeiceee by adelvi ¢ Ud biedaotry vdevece 6
so that the quantity of water Lqg supplied to the space between tip

| ens 191 and @eneectiyedbastiamicyr eenveny pire JLBAOIa profeiprringdddegree

recovered fromthe space. Accordingly, a constant quantjty of er
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is configured including nozzle unit 32, liquid supply device 5,
l'i quid recovery pipe 31B. During the supply and recovery operations,
main controller 20 gives commands to the controllers of ligquid
15 supply device 5 and liquid recovery device 6 so that the
gquantity of water Lg supplied to the space between tip lens
191 and wafer W constantly equals the quantity 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 1921 and wafer W. In this case, water Lg held in the
space between tip lens 121 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
liguid Lg in the space between tip lens 191 and wafer W by

nozzle unit 32, so that a local liquid immersion space

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



25 recovery device 6, liquid supply pipe 31A and |iquid recovery pipe
31B, and the like. Local liquid imersion device 8 fills liquid Lqg in
the space between tip lens 191 and wafer Wby nozzle unit 32, so that
a local liquid inmrersion space (equivalent to a liquid inmersion area
14) which includes the 25 optical path space of illumnation light IL
is formed. Accordingly, nozzle unit 32 i85also called a liquid

i nrer si on space formation nenber or a contai nnment nenber (or, a

confi nenent i dent al | . art _of local liquid 5 i rsion
devi ce 8, fo?%gggr%r%)f'eﬁ,’g‘% %%C;aet OynfozlnglglmﬂlﬁP 35 ﬁrb?}”‘%ljgb e *é’ﬁg%grted
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described earlier) that” holds projection unit PU or may al so be
arranged at asphber férmael drenigibddatr kScsapal@hent mEnKddie (wai,na
frame. O, in the case 10 projection unit PUis supported in a
suspended st acenfiné¢menfe seenidssd -eafhtiden i e aumar t32fmhgcal sbigsid

supported in a suspended state integrally with projection unit PU,
bt o The crbBlFRELRs GRIEReSart 4 SEATE s rah g Snng ReadttSraAtmay
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to be support ednéDudi sy IPendgarst ot rbifi delAlH eaks0et thl@ KE5E&s
nmeasur enent stage MST 1s |ocated bel ow projection unit PU the space

bet ween a neasuogeenion alli¢e PUp dxe ndgselsdat bhatranyednat tanpthemst Afde
20 can be filled with water Lg in a simlar manner to the nanner
descri bed abofember that [pcierafade fromfhenmadestrans i oRrabvéheoprse
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described earlier, nozzle unit 32 may also be supported in
a suspended state integrally with projection unit PU, but in
the embodiment, nozzle unit 32 is arranged on a measurement
frame that is supported in a suspended state independently
15 fromprojectionunit PU. Inthis case, projectionunit PUdoes
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 Lg 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 is not limited to this, and a configuration having multiple
nozzles as 1s 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,



25 is not limted to this, and a configuration having nultiple
nozzles as is disclosed in, for exanple, the panphlet of

I nternational Publication No. WO 99/49504, may al so be enployed, in
the case such an arrangenent is possible taking into consideration a
relation with adjacent nenbers. Further, 26 the |ower surface of
nozzle unit 32 can be placed near the in@ge plane (nore specifically,
a wafer) of projection optical system PL rather than the outgoing

pl ane of tip L or,-.in addition to t

h i cal h of th
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with Iiquid can be enpl oyed. e point I's that any coﬁ? gurati oh can
be enpl oyed, agstemgpriasather!tiipt dheasutifoisiypplasd dMtibel &pnael, or,
bet ween optical nenber (tip lens) 191 in the | owest end 10
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enbodi ment.  can be BRREbLEAY BaLK pbInkl & thatShagecsderifit 2l dnScan be
equi pped with wafer stage WST and neasurenent stage MST that are

pl aced above embksgedoasdldig @ thet 2t feidndrebesysped d4. 3 n( takespdae
FIG 6) including Y interferometers 16 and 18, and the Iike 20 that
measur e posi tPoHEeD MR IRRl swmbrrsibageslesd) ath NST then lewestieend
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pamphlet of International Publication No. WO 2004/053955, or
the liquid immersion mechanism disclosed in the EP Patent
Application Publication No. 1 420 298 can also be applied to

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 1like

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.
6) 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 noncentact bearing (not shown}, for
example, a vacuum preload type hydrostatic air bearing

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

plurality of points. Wafer stage WST and measurement stage



measur enent stage MST, a noncontact bearing (not shown), for exanple,
a vacuum prel oad type hydrostatic air bearing (hereinafter, referred
to as an "air pad") is arranged at a plurality of points. Wafer stage
WST and neasurenent stage 27 MST are supported in a noncontact
manner via a clearance of around several pm above base board 12, by
static pressure of pressurized air that B% blown out fromthe air pad
toward the upper surface of base board 12. Further, stages WST and
MST 5 are ind n t ivabl.e | -di nensi_onal djrection whi ¢
Are the v-axi 235 S0 g dbrtar i R s oo AR RaRRGr THE S g EarP e e
of FIG 1) andrbhifgXseévd:mi1dihestsd s ad B6EPQUONabydifeCid QRelsQutBeos
page surface of FIG 1) in a predeterm ned pl ane (tyhe XY plane), by
stage drive systssuiPded BiTothet ny plsprodt Eromntiee hli@opasd Wdwaee, tles
shown in the plan viewin FIG 2, apairofY-axis stators 86 and 87
extendi ng i n VRREN-SGIRACH péchaon haaard é2pediunidley, pbhages dtfToaadsige
and the other side in the X-axis . direction with base bozird_lz in

bet ween. Y ax?§® st HT! t&ﬁ’d déﬁ"é‘_ CeiBntERRpHRP ianaly gliggrtions,
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a pl 1y of sets o p

group that is nade up o plura a nort ol € magne
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and alternately along the Y-axis direction. At Y-axis stators 86 and

87, two Y-axidimpveien 82 20ecapdg8isumiatd wd FIGXi ) nover pr88enadnBoed
are respectively arranged in a noncontact engaged state. |In other
words, four YPW5@% HohRers ®1angd. B3 §ha985dFive ctvfitesr d2dn a state

of being . nserted i he inner space of Y-axis stator 86 or, 87 whose
%2 sect Gal surfad® RESELSPrREELRapE ¢ dTook L8 ey dparagin 1H e

supported in @& 04¢aRtACETABANG pyi Ac? @Ja%arsagl@aeuﬁésaé%d%ﬁgm&ming

around several pmvia the air pad (not shown) wth respect t

corr espondi nginy-the ¥-akkdlsodiBécbloBardEaelpettYvaXy o THRRT $n838ne 84ide
83 and 85 is conposed of, for exanple, an armature unit that
i ncor por at es andethg ©tdwd sigeadadthe X-axis direction with base board

12 in between., Y-axis stators 86 and 87 are each composed of,

15 forexample, amagneticpole 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 B3 and B85 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 X¥Z sectional surface has a U-like shape, and are

25 severally supported in a noncontact manner via a clearance
of, for example, around several pm via the air pad (not shown)
with respect to corresponding ¥Y-axis stator 86 or 87. Each
of Y-axis movers 82, B4, 83 and 85 is composed of, for example,

an armature unit that incorporates armature coils placed at



28 a predeterm ned distance along the Y-axis direction. That is, in

t he enbodi nent, Y-axis novers 82 and 84 nmade up of the armature units
and Y-axis stator 86 nmade up of the magnetic pole unit constitute
noving coil type Y-axis linear notors 5 respectively. Simlarly,
Y-axis nmovers 83 and 85 and Y-axis stator 87 constitute noving coi
type Y-axis linear notors respectively. B& the follow ng description,
each of the four Y-axis linear notors described above is referred to

as aY-axis li t . -axi s Jdinear tor 84, a,Y-axi | i.near
10 mtor 33 andrbrerrite et Reoand e foafia tnsthdofne Wanter
reference codes 8fet B8bEdIRUR!,S ¥82x18%moB8ra@ng 8hhd 84 mad¥PVPr 8£88ne
and 83 of two Y-axis linear notors 82 and 83 out of the four Y-axis

| i near not or saemetuespecttivehny Fixets taone Ssdmand dhe other meghetic
a longitudinal direction of 15 an X-axis stator 80 that extends in

the X-axis dipeteiwnit Renstdituteoperingdcandtl B e fYtaxd sr daneAE NGOt oS
Y-axis |inear notors, 84 and 85,gre fixed to one engﬁand t%ﬁ ot her end
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Accordingly, %ﬁ}@'&%? lﬁ aé&{s%l%%t%nﬂgg}nﬁag%gi ;%’ﬁ%a%l~%Q.st ?LEQ_gg)r(:(fggﬁ%zss

by a pair of axi's near notors a parr o
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and 81 is conposed of, for exanple, an armature unit that

i ncor por at es aramiuidenesr|motplracdzs @tike daleciet ésmeated rdidstanasea Y-axls
al ongt heX-axis, direction. 25 One X-axis stator, X-axis stator 81 is
arranged in alk®%d% RAtdBeidfy Endopkéd 1hnedr dwfim§4rnet YshskA) linear
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Movers 82 and 83 of two Y-axis linear motors 82 and 83
out of the four Y-axis linear motors are respectively fixed
to one end and the other end in a longitudinal direction of

1> an X-axis stator 80 that extends in the X-axis direction.
Further, movers 84 and 85 of the remaining two Y-axis linear
motors 84 and 85 are fixed to one end and the other end of
an X-axis stator 81 that extends in the X-axis direction.
Accordingly, ¥-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 81l is composed of, for
example, an armature unit that incorporates armature coils
placed at a predetermined distance along the X-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 21 (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



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-axis linear notor that drives
stage main section 91 in the X-axis direéfion. Simlarly, the other
X-axis stator, X-axis stator 80 is arranged in a state of being

inserted in an ogen& 9 é ned at _a_stage nal sectiop 9 (not hown
in FIG 2, rehBiC10"MECRIIE" 1) PPRBF EoRaMT iR 6o 2 Barbe br' Bitett
stage MST. | nsi ﬁfuwfl@pecm R +Qf o8t 296 18] g)oa%%hgﬂe%n@ zﬂ%%ﬂ%?negole

pole unit, which is simlar to the magneti ¢ pole Gnit on t

stage WBT si deagstagelased St ipred@teshdapd, di staidangri.althirfately
magnetic pole unit and X-axis stator 80 constitute a noving 15 nmagnet
type X-axis | aﬂaeag e éﬁramatdmeqfca@measuaemmecbt afeidBRdnetikepole
X-axis directio t he enbodi nent, each of the |inear notors

descri bed bo%lt‘-ha%dc%n%m (R TFagd GPPIELEYS? oMo N%s MEgReroF VB
by main contrellglsal AMholBr e Gl 9@9% 'rAa¥m S?S{Jl&? 41 12ne

not _Or IS nOt er one O he novi
nmovi ng coi l tXPQxl@'&l‘iﬂel?sﬁlbﬁpessi%ﬁﬁ.a@cﬁ , O d 6Eﬁ!a.¥ xb-%x%%l @f_catt‘?ﬂ': Af-axis

needed. I nci dental ly, by nmaking hrust forces several ly

gener at ed by atphor 80fisfaaxasged des states BdiendnBerbed 2h =l bgéilyg
di fferent, awi ng anmount (rotation quantity in the 0z direction) of
waf er st age % PeacomIomadd. sEefioe2 Kpoheiiavd LArkEd. forteter

|l t Y- I t 82 _and 83 be slightl
different a §a y?ﬁotﬁ%’ R T e

controlled. 30s; e g‘ﬁ@.ﬁin ta9&UBL :{ﬁ%ﬁt S 1288 ”Q g%%‘EE'cg;go?éL

previously descri er t able i's nolnt ed”on St
mai n section Qdit V\ai'l'ﬂrcri 2b| i nMB rand agagiBtcSRald QA0 k@ el hasdy

driven relative to base board 12 and
stage WST side (stagemain section 91 side), is arranged. This
magnetic pole unit and ¥X-axis stator 80 constitute a moving
15 magnet type X-axis linear motor that drives measurement stage
MST in the X-axis direction.

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 linear 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 palr of Y-axis linear motors B4 and 85 be

25 slightly different, a yawing amount (rotation quantity in the
©z direction) of wafer stage WST can be controlled. Further,
by making thrust forces severally generatedby a pair of Y-axis
linear motors 82 and 83 be slightly different, a yawing amount

of measurement stage MST can be controlled.



5 X-axis stator 81 in the Z-axis direction, the Tx direction, and the
Ty direction by a Z |l 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 the XY plane (or the inmage pl ane
of projection optical systemPL). Incideatally, in FIG 6, stage
drive system 124 is shown including each of the |inear nobtors and the

Z-1 evel i h bed t fer table W
al 50 be confi SU?QW 00 Rl KRt baStaam v e SROBcED, 15

t he Y-axits, I

hol der (not S g\?\}%?Su £¥d$|é§t§£sh\%§ nd\/\fbﬁ\?‘%uﬁ\%gicﬁﬁrﬁgy?ﬁeﬁiﬂﬁ{%
is arranged. dhesvafermidn desctimyh dl1so werdorumd d mregaabl ¥t ¥4é hmain
waf er table WIB, but in the enbodi ment, the wafer hol der and wafer

table WIB 20 aﬁetse@aﬁ*ht@ttey ﬁmﬁhygmredenandlahevevafcerbars@ teards1Ri xmd
inside a recessed portion of wafer table WIB, for exanple, by vacuum
suction or’t 8~ frke. SHEhEL, 1Bnthe Wier déEPFéé%noft%feé‘r dg.ggreion,

WI'B, | at I, 1

surf agep( ?I gu%%ar epelq éﬁ%lr%?:%égg)abg?? ?6&"3;? d r??/g?&}nd’sﬁﬁn Wﬁs?#ﬂ%wn)
surface of a wahefudDan! egh Ot Dé’afﬁrvBS?J:Qech{P MU ahlddehd 1ike).
repel | ent processing Wi th respec to liquid Lg is perfornmed, has a

rectangul ar ovbee shemiefi(@llyqQuivhfeantalblas WIBCH5CHLRE]l PRIk et hat the
formed in the center portion and is slightly |larger than the wafer
31 hol der (a ADawis AgraFtaonfndamal e e ipicitiaeig(tisl tragdeviofh respect

materials with a.la eff|C|et of the ansi on, such as
hacsoe afoPaireat SoShE LE Ie Firdq BRERE AL ar A oy SRk Syetem

Al 203, or Ti C%L)py“‘ip%[id%‘ﬁ%ai?g %ﬁeF% R aé@a%e%r%vé é%ﬁ‘%m %Eﬁ% L 60n

filmis forne exanp uoriné Tes mat e uori

series resin (R¢BIdAIG S oS thel Yigbaal heespetdnd ang (qutekremmg
(registered trademark)), acrylic resin materials, or silicon series

resin materi alheschmsmdescasbeﬁcakmwen aFpt ehre i ewfef twdfler WTBldaa AW
(waf er 10 stage WSBT FIG 4A, plate 28 has a first liquid
repel | ent ar €8¢ 28054 doéﬂéﬁlgﬁﬁ%‘éalfjeﬁ)ﬁ{rbéﬁ)l?%s? em%%ultafﬂ X-axis,
encl osi ngLsa ar._openi a secoEd I |qU| d repellent area 28b

that has a re lf‘% U RS of v ’t(hgngﬁl SF ¥ Shape® pl aced around the first
l'iquid repe' lent argp,288r +M1kRerd, §$arblrMi Her (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 WTE,
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: FPurther, on the upper surface of wafer
table WIB, 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 liguid 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



15 repellent area 28a, for exanple, at the tinme of an exposure
operation, at least a part of a liquid imersion area 14 that is
protruded fromthe surface of the wafer is forned, and on the second
liquid repellent area 28b, scales (grating section) for an encoder
system (to be described later) are formed. 20 Incidentally, at |east
a part of the surface of plate 28 does ndt have to be flush with the
surface of the wafer, that is, nmay have a different height fromthat

of the surfac h fer.. Further, _pl.ate y a single plate
but in the e Sgl&rﬁr%nfa}\q%ua tel%airgacgﬁf?}b%rw@%%ﬁg‘%co%?ﬁ ?gd s"mBas" ot
plurality 25 gheplkafes.wiQ LX8WPESerfidi2int2R¢ SREAR Id:@indion, such
repellent plates that correspond to the first liquid repéllent area

28a and the sesofithdieplict cepahtest (saien adBlBeredpect tivelBrandinkhe) of
enbodi ment, pure water is used as liquid Lg as is described above,
and t her ef or eScheteifaf FdrOthedf TLE) , | andiah tépebhehtce 32f qlege288, 2

and the se ong,liq idr ellegé area 28b are also referred to as a
first watet r b‘éwr@ﬁﬁpﬁﬁif—atfl Moyt ared B fRgt SFanRisel FEIRT HisaFesin
28b. In this - OSEH ight L IS ] | to. the,5_first

wat er repel | eﬁ?é‘gf%%iég’zéi%onﬁt e E’l“zzrllf%('i'}:r$s g%éé?drb\%?ee aelxspoé'ltfrhe P ght IL

is hardly irrpélat&eh-d 0 ddie386aRAMRIreE168PEHE 1Y t ¥ et & 28RmARKY e

outer side. Taking this fact into consideration, in the enbodi nent, a
first water repeylbntremicamboewnthath, wat eriliepeal seniesassimametgrials.
sufficient resistance 10 to exposure light IL (light in a vacuum

ul traviol et r&aFeReri Mg Hhewads) aj plappriew 9k waharedabhet HEBslivdtee

f the first t N | at 8 d ter, | t
o LR I YeLer el epiePale 20, 410 8 sosone vter 7 cee o,
light I'L infegior oq fiesd sk alfle (EBRLLEPE i@rPécﬁ§quy%%g%gc#§?iﬁh

formed on the surface of the second water repellent p
general, since ¢irdwslh fdgegidnky,t anapal yemtcerlircﬁﬁei leple1ceat Aayh NBBL

sufficient resistance to exposure light IL (light in a vacuum
ultraviol et répohad i todctangedprt ramgl tsmylatle shiapei pletbdcaimend
to separate the water repellent 20 _plate into two sections in this
manner, i.e. tHe $37st M Fepetient pretefPBa Qnd PRl SESonb Gikicer
0] enhghl LGP L 8L SIELLY. LB SRR DXELEA 0015
different resysdsCrord,0a@XPOS & bhoblod b Byl 8mBes2BR 444 14 that
is protruded from the surface of the wafer is formed, and on
the second liquid 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. 1In the

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

above, and therefore, hereinafter the first liquid repellent



25 on the upper surface of the same plate in order to formthe first
wat er repellent area and the second water repellent area. Further,
the sane kind of water repellent coat nmay be applied to the first and
second water repellent areas. For exanple, only one water repellent
area may al so be formed on the sane 33 plate. Further, as is
obvious fromFI G 4A at the end portion38n the +Y side of the first
wat er repellent plate 28a, a rectangular cutout is forned in the

center portio -axis dir Lon, .and surene pl ate

o enbetded | REFHet eIl SRR e bl hep S LS o APy o Rk o
encl osed by thereutoytt2ad é%r%%cé?ﬁge:\“@te%relﬁ.%ﬂ@lﬁfige leatgn@%bseébnd
fiducial mark FMis forned in the center in the longitudinal
direction of weastrespellqitatdal@ @eb.a centerline LL of wafer 10
table WIB), and a pair of aerial inmage neasurenent slit patterns SL
are fornmed in a syrettllicalcaskacenpasunet hightspdetis ¢ rrhdisgadetoothe
fiduci al rk_FM on one si de nd thgeot h$858| de |n the X-axjs

direction bf FHERGi%AT %r%ﬂﬂg‘l eRE BABRS0FBacPT NS Y msdsisr e B LS

slit patternsg ﬁ%}?ao |_i a ide g
Y-axis di rectl% a%)ga 'S % ﬁ‘esc F%ﬁlgai géegh%gedi r]Cg)ssca% %)%259{3 whOEr
Further, as sheyeliénti@atéB2aimiont PRe VAR S1@8e WBkisQCEH LD fl&%lto_‘{‘hto
each of aerial 1nage neasurenent slit patterns SL, an L-shaped

housi ng 36 i ncows tderat iopt,i taltheystierd 2@ntond di mish e robg et lions area
lens, a mrror, a relay lens and the like is housed is attached in a
partial |y enbeedey & A PedePLALPAG eARBUIVENpAULidciens rasigkange

f t B d. st 91. Ho d.
bai s cortes pndiP Lt S nd SR FE of e 4P Prigeladdmaaniel] Feasar
patterns SL, gl thquoh,on] tltsegpbfl%@QLsdf 8Wha on tlﬁe sul?8caPs+ Gale £irst

system inside housing 36 guides illumnation [ight IL that as been
transmtted t{aosgrepenilenti Phgee PTEASURREENIsetlont Patd L mepdll ldawnypds 4

from above al ong an L-shaped route and emts the light toward the
-Y-direction.to which water repellent coat having resistance to exposure
light IL inferior to the first water repellent area is applied
15 1is formed on the surface of the second water repellent plate
28b. In general, since it is difficult 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 28a 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 alsc be formed con the same



34 Incidentally, in the follow ng description, the optical system
i nside housing 36 is described as a light-transmtting system 36 by
using the sane reference code as housing 36 for the sake of

conveni ence. 5Moreover, on the upper surface of the second water
repellent plate 28b, nmultiple grid lines are directly fornmed in a
predeterm ne pitch along each of four sidés. Mre specifically, in
areas on one side and the other side in the X-axis direction of the
second wat er Eigﬁélent plate 28b (both 10 sides in the horizontal
direction in 4A), Y scales 39Y1 and 39Y2 are forned,

respectively. Y scahgsnidYlaangs 39V4oaker&ae rreonposed fhe I portion
exanple, a reflective grating (e.g. diffraction grating) having a

peri odi c direohi tinei+Y tdideY-caXithedifieeti oateén wpellegrt ¢hllatecg83d a
having the longitudinal 15 direction in the X-axis direction are
fornmed in a pFedeirdw dedPiawth 1&g degmaddinethé renpmmidaatios thethe

Y-axis (Y-axis direction).. Simlarly, i i de,

2nd the. other RS EeS P EBRELG a2nd AMPERLT TP PHAES SOocHIMIER R Liside
|l ent pl i in.t t : Con i

an X scal ea TG S SRR (Rt HE M iRy YRS, P, tlg Tt

and 39) (2 ar eppagie COMPASEG RS theOke¥ARPKELeR F&idaEHY @1akat ko, 2
(e.g. diffraction grating) having a periodic direction in the X-axis

direction in fhietigk indzdk FEsi8 7T draeidngnttie kengetruih nale 26nditedinahn

in the Y-axis direction are fornmed in_a predetermned pitch along a

direction par@¥eFLich phareasigenenk- Bidke ¢0r et AorAn tessl iggchl o viker
ive.diffraction gratin

scal es, tlrbleé scal e% _u%nof a refle%t 5 - )
(rofer 1 cciehe D "Bl rinuft PEFLALkAIAEE TROCGFRRTE ShE
like on the syi{@aGehs 3B are formed in a symmetxical placement with respect
to the center of fiducial mark FM on one side and the other
side in the X-axis direction of fiducial mark FM. As each of
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 i1s arranged in pairs
corresponding to the pair of aerial image measurement slit
25 patterns SIL, although omitted in the drawing.
The optical system inside housing 36 guides 11lumination
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.



of the second water repellent plate 28b is used. In this case, each
scal e has gratings made up of narrow slits, grooves or the |ike that
are marked at a predeterm ned distance (pitch) as graduations. The
type of diffraction grating used for each 5 scale is not limted, and
not only the diffraction grating nade up of grooves or the |ike that
are nechanically forned, but also, for eRréanple, the diffraction
grating that is created by exposing interference fringe on a

phot osensitiv j be u . ver ach scale is.created_ by
ki ng the 107SESERGTTore ot it Taitrrane: SR RO SRknnre.
in apitch bet §?§Beﬂ%%mdfe%6‘|9é’filmj 8% £XAERLLip&Y Rist £N 16htLUPLABnaL £t
pl at e shaped gl ass. These scales are covered wth the’liquid

repellent fil ayévanmele bepablentttd lsajnedesteidratt abaweas Inmisdent abl For
the pitch of the grating is shown nmuch wider 15 in FIG 4A than the
actual pitch, thersake shlkorsfendengeni ence. The sane is true also in
ot her dravg ngs. In this maHner, in the_ enbodj nent, singe the

second wat’er repel INeRePisHt e OB Ft _EBP?FC%‘%H%Q%t thRe SEEQPESWater
glass plate V‘ﬂ:éﬁ‘ejff’g‘ﬁﬁ %@%\%L%%e%ﬁlﬁ%lhsgﬁfd q.q.n!éiegrc?sdigé%tﬁﬁcf%&?
. “However, the 0

wat er repellent plate present invention 1s

limted to this,aaftedetstalitd@iben BRISgURaE&E & HASS sAliake Motdre
like with | owthermal expansion on which a grating is forned may al so

be fixed on t#recpperally f aoeanéasafreontabl de \AHS thy atipdmtsd depinnihe
(or vacuum suction) or the like so as 25 to prevent_ | ocal
shri nkage/ expand¥bh I1ERCERPE odaklke sgcppdetategpeepehtet alete @ 8khiketh

h . [ ] i l,i ed h i f
Lsed | neckad BraeF vt 58 KO- gl usBr s 2 el 480 bl (Shsd By T
| ow t her nal eérl?@@zgrhf@tf%%éhf %éd&iglégp.a fl%%% e® PA 2R 3y, are

scales 36 and a pair of X scales may b rectly tornmed on the upper
surface of wedeth tadmpo8Bof, for ekamplentalieflddtitkdgi-at@ngr 0éeg!

the diffraction grating, it is also effective to cover the grating
with a gl ass diffractiongrating) having a periodic direction in the Y-axis
direction in which grid lines 38 having the longitudinal
15 direction intheX-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 39%; 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



5 plate with a coefficient of |ow thermal expansion that has |iquid
repellency. In this case, the thickness of the glass plate, for
exanple, is Imm and the glass plate is set on the upper surface of
the wafer table WST so that its surface is at the sane height as the
waf er surface. Therefore, the 10 di stance between the surface
(substantially flush with the upper surfdage of wafer stage WST in the
enbodi nent) of wafer VVheId (nounted) on wafer stage WST and the

Phci dont al 1y, 58 T8, BCr P AEer TR AP RIS Of Bddcr ey 18 THE Case,
rel ative posi Lion BeiiPnAG:S09RNE niRRLARY Aa3Eah NN LI8o6HE%x

of the scale (to be describéd latér) I'dy out pattern i’s

configured freoenegrikk thaesatdaiadkaeati{ irkaet ci-af hedtd Mtanceangiwben
t he encoder head scans the pattern, the intensity of the output

si gnal of theaerugdwetihangesthe0yhhafedbf Bract id eshblnly wakdedrseach
det erm ned. beforehand, and the position where the intensity of the

out put si ghal S&% %eﬂ% R%e LtifidsHol gndanak ?%l¥kﬁ4§n4%¥fr?ﬁéhontHéatlng
relative posi Irl'lélgg ggo&pg o'}CQHSrthg?dcht%%dakgﬁ%S ﬁéﬁ cla Me%brmeé

t he detected p05|t|on as a reference

control l er 20pgeR1QRY afdy EHSm?léP't@l%e@ff‘frégtl‘w %fa@ixﬁﬂ@h%-r [ d Breated
directions of six degrees of freedom (the Z nd ey

di rections) iy tdwposihigr ntsdreerareefir f igenchhe phleasseanktive easislihsmaf
interferoneter system 118 (refer to FIG 6) . In this case, 37
i nt er f er onet ePe sYsedm HegevRel ugash )@¢¢11%r3f5ercc¥rﬁ3é’ﬁ1§dsb1263¥blllt282hw

terf t d Z | t 43A d 43B. o the
7 cage S sttt ok b%il e Akir {ObPaaRREs, 113 biten

AR T
several |y irrpthid ishgpal ¢1d€8 f eraeBt&cales are covered with the liquid
repellent film (water repellent film) described above.
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 this manner, 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



beam (neasurenment beam) to reflection surface 17a and refl ection
surface 17b and receiving a reflected Iight of each beam Y
interferoneter 16 and X interferoneters 126, 127, and 10 128 (X
interferoneters 126 to 128 are not shown in FIG 1, refer to FIG 2)
that constitutes a part of interferometer system 118 (refer to FIG
6) neasure a di splacenent of each reflecBéon surface froma datum
position (generally, a fixed mrror is placed on the side surface of

projection unit ,PU,_15 an he surface i s used ref erenc

Bt ace) ot harhic? BESE (b S aales: Ravi B8 OF Fhefin 2l Rrene: porer
the XY plane, sapda:Posit i .opdd, ilfi@matkon that has been neasured is
supplied to main controller 20. In the enbodinent, as it wll be

descri bed | ater on,iras eatialilnt eihebonst efo prdiddd axiealdi2@raction
interferoneter that has a plurality of measurenment axes is used with
an exception goatinpadt of alhe difieertfioecmetersr the grativisannhhlaeglams
the side surface on the -Y side of stage main section 91, a novable

mrror 41 havPnytt e thiyiqardittstentr elt 1% Fieike wxpansianr kbt dps

is attached vi . Ki ti 5s r.t. mechani.sm (not _sho as
shown 1 F1 Ger PRI R YeRo8? SHPRAS BRSO MRk EreY ri aters
43B (refer topFh&S rhraBlap1éhals epnf i ehedgPRLd fahtlen] £1dAr BRBLRL
system 118 (refer to FIG 6) and irradiates nmeasurenent beans on
novabl e m rr oupgdr isurfiacang€dthaciafe mrakhleeWsTr sorthkl ite barfate is
38 specific, as it can be seen when viewing FIGS. 2 and 4B toget her,
movabl e mirro2t 4808 samssihpiahtsast Rhe vager esujifeden t BheXefsie, the

direction.i s lLongerthanrefl ectionsurfacel7a of wafer _.tahle WIB b t
| east thg' g Eb] X the
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movabl e mirrog 4l 's%r‘%%@oéf%ﬁezas%‘éﬂg%dsf‘@ﬂ Egeaer{&ggcﬂ.?r%%ac of wafer

cross-section s ape as I n a rect fang! e ap an I$OSC€ rapezoi
have been i ntedicliedmolhiteay - pRl St NG thgeaneti Sk tthd beasunbaser fite

the -Y side of novable mrror 41, and three reflection surfaces 41b,
41a, 10 and 4df the Saxrlwedn the Z-axis direction is to be lmm.
Incidentally, a lay out pattern is arranged for deciding

15 the relative position between an encoder head and a scale near
the edgé of 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 is 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 Z, X, ¥, © z, 8 x, and 8 y directions) in the
entire stroke area from the measurement results of

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



Ref |l ection surface 4la configures the edge surface on the -Y side of
novable mrror 41, and reflection surface 41la is parallel to the XZ
pl ane and al so extends in the X-axis direction. Reflection surface
41b configures a surface 15 adjacent to the +Z side of reflection
surface 41a, and reflection surface 41b is parallel with a plane
inclined in a clockwise direction in FIG74B at a predeterm ned angl e
wWth respect to the XZ plane andal soext endsi nt heX-axi s direction.

Ref l ection suthoceedis, ool iguien & PUAsEANACENL 10 d0e 20 12 1o

side of reflectiron su and is arrange rical
reflection Sulﬁ@PQfQ%QeerEBméﬁéfeﬁi'QHdSQGﬂﬁ%&fﬁ%émbEepgtMﬁfﬁnd 43B.
As it can be seen when view ng FIGS. and 2 together, Z
interferoneters 43Aanted3B aige phaf&dea@ﬁfthen—m@elgsl sler Pd-and tdeer
other side of Y interferoneter 16 in the X-axis direction at a

subst anti al | yt@]éﬂal%lwﬁfsﬂéﬁé@raﬁ@lléﬁhb’%ijﬁ @p§léeiighrc¢%pqqmenelwhaandf a

interferoneter Ie ectively m each of ,
interfero teF% Ja‘?fg SE§§aC851%?1€\m F‘nr@%@‘:tlw“asHE 30F ér?é’n?hﬁﬁarﬁn
Bl al ong the X n i
surfaceg41b %a(%\% Izsarr%agﬁ%ércgnt B eam %&ﬁg%}q‘lﬁ lé?%g%%%lﬁgltesr

irradiated toyesdl (fdactdrmtsvebasetdleefid®fot GUrlfGcedBra ah8 the
enbodi ment, a fixed mrror 47A having a reflection surface orthogonal

to 5 neasur enesflédcamBiuréitedt/bdhod tecel trtng iaore Blrdtasikl 43t afdeach
fixed mrror 476 having a reflection surface orthogonal to

measur ement bReAARBY %’é‘f?%@éﬂ“@&ﬁr tefans ¥ Ut atfierrpmetare e 127, and
d, di th X- di t t

o ernscad ol Wikt enatersr 148 o T Bl sBBRont S 0rEg 2

predet er m ned. g st 3&9%‘1‘6“ @)SEEEE Yz‘@ﬁé@lﬁﬂ?eé | X 1P L0k 5+ 9Pr 8P meter

interfere with nmeasurenent beans Bl and
system 118 (refer to FIG. 6} measure a displacement of each

reflection surface from a datum position {(generally, a fixed
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 interfercmeter 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 sheown), as shown in FIGS. 1 and 4B.
A pair of Z interfercmeters 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



Fixed mrrors 47A and 47B are supported, for exanple, by the sane
support body (not shown) arranged in the frame (not shown) which
supports projection unit PU Incidentally, 15 fixed mrrors 47A and
476 can be arranged in the nmeasurenent frame or the |ike previously
described. Further, in the enbodi nent, novable mrror 41 having three
reflection surfaces 41b, 41a, and 41c and8fixed mrrors 47A and 476
were arranged, however, the present invention is not l[imted to 20

this, df fi t whi ch I ]
havi hg an | ncPRRGHESGH FRcE P 14 Ty BBe e CHEPATIEN ‘of “THELL FRgether,
surface of stgge.pBd hiseekl QPl%ld%@eJ k%6448 EEerérr)%(;é:? 2589, 2ROVE: ¢

waf er stage WST can be enpl oyed his case, the f mrror can
be arranged iditdetsapperiodpdytpie\tetiskyidh AaFacebeth 6F watdheable

measur enent frame. Y interferoneter 16, as shown in FIG 2
irradi ates rreﬁ'%@@n@htle@@énthMIlt@mraB@f Gnintedt fmstamert eggr 4 3% @ntl743 Bf
waf er tabl ghong neg; enent axes in the Y-axis direction spaced
apart by ah ‘?j‘f'st“é?r‘(' oMERECE X kjide CORROBRE AKX &iITEELRTOARYERY &
strai ght I|n I h X ich $$ t hr qu t he
proj ection ce | ca%lsla%es?tt h Sh%%g %g ’M ﬁaﬁ preo}gegt ?gn

opti cal systef@@é,celam @\%ﬂrj’&%&'dwtﬁgteﬁﬁ{?er@éér?%r?cdsg'r‘a%@ﬁ detects the
position of wafer table Bin the Y-axis directiion (a Y position)

at the irradid¥droorqpeintshdhgmbasapEinesd tbeths fdfFamedoBithe -Y side of
Incidentally, in FIG 1, measurenent beans B4l and B42 are
representati m%%m%rnéésuﬁéﬁeﬁhr%am’@@cw parfayes 41b, 4la,
interfer ter 16, . rradi aft nmeasurenment 10 beam 63 toward

reflecti sUPThcE A A" Ohg S measurenent axis in the Y-axis

direction with a pR%QﬁE%EﬁbEeguf% rH%%' %SEESu X Hdo@CELPBace on

spaced between neasurenent beans by recei vi ng
nmeasur ement beam-63st eél e e aehk mff@ﬁtqlqnaﬁurf@me&h&m datreabé dhe

Y position of reflection surface 9la

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 X7 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 41a in between.

As 1t can be seen when viewing FIGS. 1 and 2 together,

Z interferometers 43A 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



15 (nore specifically wafer stage WST) of novable mrror 41.

Main controller 20 conputes the Y position (or to be nore precise,

di spl acenent AY in the Y-axis direction) of reflection surface 17a,
or nore specifically, wafer table WIB (wafer stage WST) , based on an
aver age val ue of the measurenment 20 val ues of the neasurenent axes
correspondi ng to neasurenent beans 1341 &Ad B42 of Y interferoneter
16. Further, main controller 20 conputes displacenent (yaw ng anount)

A inth {] I i ti d. t he Z-axi th di ti
o wat o 1ol o CRL BRI SRR Sl g rep e
val ues of thep,aBASHD eHBHL ANES Mﬁ%sm@@begohoégggfﬂﬂ% heans B4l

and 1342. Further, main controller 20 conputes acenent (pitching

amount) Aex i mefhecexodisiechiceniaf (wefer totPme, VBT, hasee enbblendnt,
position (displacenent AY in the Y-axis direction) in reflection

surface 17a aBdfixdd @strizeor 424 hawifrace Ydflection suEfatdersthagyosadwho
in FIG 2, Xinterferoneter 126 irradi ates neasurement beans B51 and

B52 on waf®r PEBPB-HIENRINGH Bheriactrcashif erfniection sphtace 4grend
from strai ght anJ.}&é]CF rflllilljog‘ WI? ﬁv@ﬂgja%éﬁ%ﬁ%&r{ E%Eggﬁ%so ; g{o%%gsl to

optical axis of projection optical St'em e

and based on hBgshiBas €HRNAn ¥l MeS Rt N8 f FBASUIRIBRYL &XLBace 41c are
correspondi ng to neasurenent beans B51 and B52, main controller 20

conput es a posrtangedaraXhposidridimg dm the beaxty dipeeciceatldposition
di spl acement AX in the X-axis direction) of wafer table WIB in the
X-axis directfdptarged mRar thdrancBpY ol ¢ arixere dApie dshelisgHdésaehion

i ACZ fer table WIB in the Oz directj,
0 71 or anchd of PY o EASP BRUTS VAPLERTDAR P RSt e ADokpipd mEFtors

cor r espondi ngat o SEAM SIRN. DAAE1BIL, 18naNd B8Z IdicidENEAL | Y.

AOzun obtained from X | nterferoneter n obtained fromyY
interferoneter 16 arix&iudkrrb@seath fidams ard sepsesaiy,s :anzexample,

di spl acenent (yaw ng anmount) AOz of wafer table WIB in the
direction. Fupyhihe sang ssuppdircabedyi fnat debtwet) |dmmrigedFi6 tBe Arame
(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 4lc and fixed mirrors 472 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. Inthis 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



20 measurement beam B7 is emitted from X interferoneter 128 along a
measurenent axis parallel to the X-axis. X interferoneter 128

actual ly irradi ates neasurenent beam B7 on reflection surface 17b of
waf er table WIB |l ocated in the vicinity of an unl oadi ng position UP
and a | oading position LP along a 25 neasurenment axis, which is
parallel to the X-axis and joins unl oadi A8 position UP and | oadi ng
position LP (refer to FIG 3) as in the description |ater on.

Furt her, as sho i - gﬁﬁt b rom .

i nterferonet erg %gsélp%ﬁlé &rlel{% ggggrsg%%e glcetll %%ngﬁfgf{épaeﬂ%ghéfhmﬁ?%?es
tabl e WIB. 42h%@§ﬂr&féa?ko?@@iﬂ@r§cb§t@9t Y ka1l bRl 2bedr8fer to FIG.
reflection surface 17b of wafer table WIB al ong a neasurenent axis

parall el to the &faprs]édatorpaggdsatlhsgeghmt AR, deatddy aecedrtiay ebch
primary alignment s%(;éem ALL 5Main controller 20 can obtain .
di spl acenent BAREbECHRE ebidhdh| devFBLFnthqdosigios af rezienriadleoWIBokn

t he nmeasureme val ues af, measure t beam BE of interferoneter 127
bnd the o Phe i B E R S e e, T B e G e el T
128. However, i f.e 26, o 28.:10 e

pl aced di fferg%pﬁ%%}gﬁﬁfﬂng}e}%&g \‘I?Qg%rgd E%éct%%‘%{deéﬁglq%%’ 1HOFE0 1,

i nterferonet ehed@0rdfents baals B2 dndBQf aLX POSHFESs R NP vi Bl as
22, X interferometer 127 is used at the tinme of wafer alignnment as
shown i n FlI G m@@sarrinamhe deame Bdand X interferonmeter 128 is used at

the time of wafer |oading shown in FIGS. 26_15 and 27 and wafer
unl oadi ng shown i n BXEhexs. ¥ interferopatesy 16 by adiah st ReMSABRERRENt

43A and , # .and B2 th proceed al ong the .
Ve oy PEAR P Pt s S Pl P bt e S PEES S  rents
measur ement begrghHi-andsB A& IACLYeAta PrdRhlert hal SULARES 141bne
and 20 41c of novable mrror 41, respectively, at a predeterm ned
angl e of i nciZtemcies @iilrecangh espasedtbderHrPheasihetentrbasts BRMHndeays
Bl and B2 are reflected off reflection surfaces 41b and 4lc,
respectivel y, 2R &Ya¥ece HelHeneagnrenent deoachd onfdectadesofrefigetion

mrrors 47A and 47B rpendi cul ar]y.. Then
surface ?a? égtects tkgffposition.of:reflection surface 41a

15 (more specifically wafer stage WST) of movable mirror 41.
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 wvalues of the measurement axes corresponding to measurement
beams B4; and B4, of Y interferometer 16. Further, main
controller 20 computes displacement (yawing amount) A8z in
the rotational direction around the Z-axis (the 6z direction)
of wafer table WTB, based on a difference of the measurement

25 wvalues of the measurement axes corresponding to measurement
beams B4, and B4;. Further, main controller 20 computes
displacement (pitching amount) A8x in the 8x direction of wafer
stage WST, based on the Y position (displacement AY in the

Y-axis direction) in reflection surface 17a and reflection



25 neasurenent beans Bl and B2, which were reflected off the
reflection surface of fixed mrrors 47A and 47B, are reflected off
refl ection surfaces 41b and 41c again (return the optical path at the
tinme of incidence) , respectively, and are received by Z
interferoneters 43A and 43B. 43 In this case, when

di spl acenent of wafer stage WST (nore spetifically novable mrror 41)
Iin the Y-axis direction is AYo and di splacenent in the Z-axis
direction is AZo,_an Ptical path | engt h change AL1 of neasurenent
beam B1 and aﬁu5E?F8ag % path length change AL2 of measurement beam

B2 received at of Zriunl eraeiehs 430p38d 43% catt SARASRLLLE! Yobe

expressed as in formulas (‘1) and A

(1+ cos0) - AZerxdshtes.meaduldemk@A BezmdYE5X skt BEOSEN wh A0 £4p3ENRTE
(2) Accordingly, fromfornmulas (1) and (2), AZo and AYo can be

obt ai ned usi nglohe th | dwd hgndasnmeinest( 8xeanspd@dd AfARo FrOAL Btradyi)
/2sin0... (3)_AYo =(al + AL2) /12(1 + cos0)) ... (4) D splacenents
AZo and AV abtle MadrhéENspY aanietl WreRtZonnthat PrsReccthe APAiedd asks
reSpeCtiVely'o??&%%%%&%bnopticalsystemPLknrthesamecﬁstance,andbased
on the measurement values of the measurement axes
corresponding to measurement beams B5;1 and B5;, main controller
20 computes a position {an X position, or to be more precise,
10 displacement AX in the X-axis direction) of wafer table WTB
in the X-axis direction. Further, main controller 20 computes
displacement (yawing amount) 20z¥ of wafer table WTB in the
© z direction from a difference of the measurement values of
the measurement axes corresponding to measurement beams BS;
15 and B5:;. Incidentally, A6z'® obtained from X interferometer
126 and A6z'Y obtained from Y interferometer 16 are equal to
each other, and represents displacement (yawing amount) ABz
of wafer table WTB in the 6z direction.
Further, as is indicated in a dotted line in FIG. 2, a
20 measurement beam B7 1s 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 1l7b of wafer table WTB.



20 di spl acenent which is obtained using Z interferoneter 43Ais to be
AZoR and AYoR, and displ acenent which is obtained using Z
interferoneter 43B is to be AZoL and AYoL. And the di stance 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 prenises, 4 splacenent (yaw ng anount)
Aez of novable mrror 41 (m)re specifically wafer stage WST) in the

Oz direction ﬁQngkéﬁ%ﬁ’E 9l g?gugfﬁ%}rfaf%é’ec& orTRURRLEY 1 oy

mrror 41 (nore specifica wafer directron €an

44 be obt ai negubia&@eﬂl@'dﬂwc’iﬂﬂ Q&Emleaﬁm531@rﬁ@l 4 GleasMREmBN@Raxis
AyoL) /D ... (5) AOy(AZoL - AZoR) /D . (6) Accordingly,

byusi ngt he f opauédiel 8p the X Hyxabokat paasasmhmoruth tHre 26t eaini oot e
di spl acenent of wafer stage WST in four degrees of freedom AZo, AYo,
A0z, and toy,OEa%eEirHFﬁlﬂhé‘]ﬁ@é’W@néMﬁt?@s ts of Z interferometers

43A d 4 . 10 | h bed ab f, th
resu?'?s of mterf&%ﬁf&t ?@?’E §8}g Cgﬂa? Q%Jghﬁlrégﬁéﬁgﬁgg%u8gt‘é?#r
di spl acement Qéby\@fv@fa Sihagﬁevﬁiaﬂg rr%%ttheﬂs§9£onm J‘gﬁ% 3 éaQuremehnt

freedom (Z, X Y, 0 x, and O y directions

enbodi nent, mamé@rdﬂméeﬁummééﬁ HS ozoyl iht@astoaetbe mﬁahuozﬂaé
i nformation of wafer stage WST in directions of six degrees of
freedom howevezsurerenteyslnesmsft meisecenent bsandd7 bifii tedetrberometer

directi ons of X de rees of freedo and t he neasurenent direction
can be di rectJr%% f"'\‘?é » deltfe S&Te6t ng(f%mﬁr@rmelt@§§.126r 127, and 128

10 are placed differently regarding the Y-axis direction, and
X interferometer 126 is used at the time of exposure as shown
in FIG. 22, X interferometer 127 is used at the time of wafer
alignment as shown in FIG. 29 and the like, and X interferometer
128 1s 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 43A 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 4lc of movable mirror 41, respectively, at a predetermined
angle of incidence (the angle istobe 8/2). Then, measurement
beams Bl and B2 are reflected off reflection surfaces 41b and
41¢c, respectively, and are incident on tﬁe reflection surfaces
of fixed mirrors 4724 and 4?B perpendicularly. Then,

25 measurement beams Bl and B2, which were reflected ¢ff the
reflection surface of fixed mirrors 474 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 432 and 43B.



20l ncidentally, in the enbodi nent, the case has been described where
waf er stage WST (91, WIB) is a single stage that can nove in siXx
degrees of freedom however, the present inventionis not limted to
this, and wafer stage WST can be configured including stage nmain
section 91 which can nove 25 freely in the XY plane, and wafer table
WIB nounted on stage nmain section 91 tha#3can be finely driven
relative to stage nain section 91 at least in the Z-axis direction,

the O x direction, and. the directjon, In thjs cas vabl irror
41 described earli efn ?Elaﬁ%geﬁﬁ% d\kﬁ?éﬁc?%ﬁPJéo\ﬁ*B?P%g?ﬁgF "%ﬂl more
I nst ead Of reEﬁ@Eif?&af %ﬂﬁ%bﬁéamﬂggogeﬁifcfﬁQQg§QL%§ﬁ% aégec@io is
novable mrror consisting of a plane mrror can be arranged I n wafer
tabl e WB. Honeyemnd displamdedi MRk, z-ROGIs d DRedt idi O§ MRbI, Gh Sptical
(positional information in directions of three degrees of freedom

i ncl udi ng rotaayhildrgrtmchenge MEkhe 8mezasgiurewtniomeanf Bledret ast agel S8l
(wafer table WIB)in the XY plane is mainly neasured bg an encoder

syst em destri Bab! | HItlofhaBad Alive AfeBSaP RREIMRNY BegRsBafreceived at of
interferoneter 1 6, and 12 re us 10 secondari |y as backup or
the | ke. such Heeiraumtises SoRcne o R BarPartivdly) B Bineee S
change (due tgs {Qrsoxale, (1heuparab)dgiospation of a scale) of the
measur enent val ues of the encoder sysgenl or in the case of output
abnormality in the encoder. Incidentally, in the enbodi nent, 15 of
the positional information of wafer stage WST in directions of six
degrees of freedomAlgosi tA¥Yonal {LAf com@lt i-omMidmn xdisiedt i.ons (bf three

degrees of freedomincluding the X-axis direction, the Y-axis
directiotland the BT &0 8n{ls @eeured dsy * Kdnncodef2byst em
descri bed |l ater on, and

Accordingly, from formulas (1) and {2), AZo and AYo can

be obtained using the following formulas (3) and (4).

15 AZo =(AL2 - ALl} /2s5in® e (3)

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

Displacements AZo and AYo above can be obtained with Z

interferometers 43A and 43B respectively. Therefore,

20 displacement which is obtained using Z interferometer 434 is
to be AZcR and AYoR, and displacement which is obtained using
2 interferometer 43B is to be AZoL and AYolL. 2And the distance
between measurement beams Bl and B2 irradiated by 2
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) A8z of movable mirror
41 (more specifically wafer stage WST) in the 8z direction
and displacement {(rolling amount) A © y of movable mirror 41

(more specifically wafer stage WST) in the 9y direction can



20 positional information of the remaining directions of three
degrees of freedom or nore specifically, the positional information
in the Z-axis direction, the ex direction, and the Ty direction is
nmeasured by a neasurenment systemwhich will also be described |ater
that has a plurality of Z sensors. 25 In this case, positiona
information of the remaining directions é& three degrees of freedom
can be neasured by both the neasurenent systen1and interferoneter

3 Tocti on and Pn YU A UIE Gar 8¢ HEnEUrBR By (e Hebauh ement

system 46 and positional information in the O( direction can be
nmeasured by interferoneter system 118. Incidental ly, at | east
a part of interferometer @ysRem hY8L{suph. as ggy optical system) may
be arranged at the main 5 frane that holds projection unit PU, or may
al so be arranged i M%®gral(AZoki thABPBj edPi on- uffdt Pt) that is
supported g n a suspended state as is described above, however, in the
enbodi ment”, interferoneter system 118 is to be arranged at t he

msasurerrent frame q[gc}g g udes
stage main section pr e&%&ﬁ%f%gsc&gag g‘tas é@urg?axg}té?% 1%
nmount ed on st agRt AR TeS OOt EAA Sy d‘&aﬁh!éﬁﬂgaéméﬁ@'o@:‘ NEBekSsﬂwag@ o0
stage main section 92, via the Z IeveI i ng mechani sm (not shown) .
However, the poeseﬁﬁgnemseuflﬁneacbmonzb; MiYicedA@ e, tdrid Aogndodsed on the

exanpl e, neasurenment stage MST can enploy the so-called coarse and
fine movementMERFWEINATE iTesMiteh Ofeds bf BREFRT AR ST MFBAC andod 3Pi nel y
driven i ¢! he X-axi irection, the Y: di rect

directionwth res fé"ct e EPRGE ﬂﬁ?ﬁrjskgxé a&??‘@z %ggu?t@ﬁﬁﬁferﬁ%qu e
MIB can be f'i‘@Qui’@s rag8t 2Pr TRl c k/ﬂ_@erazl sanﬁka%' cH ¢ AR SBE

stage MST includi ng neasurenent ta B an Stage mai n section 9

can be confi golbesh lrdisalllaecnandi 6£Gid S s@hgsi ¥sdeld eEs-Rft ibheedonsix
degrees of freedom (Z, X, Y, 6z, € x, and 6 y directions}).
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) 1s 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 WIB 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 6 x

direc'tion, and the Oy direction. In this case, movable mirror

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



Vari ous neasurenent nenbers are arranged at neasurenent table MIB
(and stage main section 92). As such nmeasurenment 25 nenbers, for
exanpl e, as shown in FIGS. 2 and 5A, nenbers such as an irregul ar
il lum nance sensor 94 that has a pinhol e-shaped |ight-receiving
section which receives illumnation light IL on an inmage plane of
projection optical systemPL, an aerial #smge neasuring instrunent 96
that measures an aerial i mge 47 (projected i mage) of a pattern

ion

jected b al PL, f b
heasuring i nstPt '%rﬁﬁfﬁ%l%i kEoer b&&ﬁaﬁﬁﬁﬁéﬁgg o7 e rhasel bl
in, for exaﬁpg%oﬂﬁeoﬁ\@bbft 1s@5.§[;n<§‘f Iy 3% gmlfr%%t Q0 L NO, M se

03/ 065428 5 and th e are enpl oye FF Ont “abef T ation

measuri ng i nsiaunenér abidevtene di sclosed in, for exanple, the
panphl et of International Publication No. WO 99/60361 (the
correspondi ng EP Pdlamreveipplincahioambudinest,i @gosNtiobd79288proatia so
be used. 10As uneven illum nance measuring sensor 94, the

confi gur at? on (BPA Findh iHOr8RE 1PRatN| dipp i ®f ﬁhrﬁér degsaps eof

Kok J d,.Pat | t Puhl
57 117030, (1 M5 BORTbopBI G CUEGE AL B O N 6% 368) Sahd tRESHIRY

can be used. BHRf s88@8fdml(wk geca%ﬁ_errﬁeﬁ f.hrigne! gﬁtéw&sﬁﬁlﬁff

configuration simlar to the one t is disclose exa

Kokai (Japaneseaisimsscrsyneh IaateaérAppbte:atdmﬂttdd date@npnNoand the
2002- 014005 (the corresponding U S. Patent Application Publication

No. 2002/ 004113387311%?{’%@31?%% Oéainﬂﬁﬁmmetﬁﬁd@eh?-él lapd 1Y ege2fsed
neasur e nenber 94, 96 _an éyare to, be arranged at peasurenent

stage MS |n P ReCH yrré‘r'f"t bagsiBy tlf‘?leht]%esg%?d/a@r innEhGuRReEe of
measur ement nggber 'c%l'l%&a*:&ﬁ%n%ers ih:e m ‘Sha % gﬁﬁé“’égrmf'or

menbers, for exanp e asur enent as a ahce
measuring i nséxam@d, tBaporal deformation of a scale) of the measurement
values of the encoder system, or in the case of output
abnormality in the encoder. Incidentally, in the embodiment,
15 of the positional information of wafer stage WST in directions
of six degrees of freedom, positional information in
directions of three degrees of freedom including the X-axis
direction, the Y-axis direction and the 86z 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 Oy 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 Oy direction can be measured by the measurement system,



25 neasures a transmittance of projection optical systemPL, and/or a
measuring instrunment that observes local liquid imrersion device 8,
for exanple, nozzle unit 32 (or tip lens 191) or the |like may al so be
used. Furthernore, nmenbers different fromthe nmeasurenent nenbers
such as a cleaning 48 nenber that cleans nozzle unit 32, tip |lens
191 or the like may al so be nounted on ng&surenent stage MST.

In the enbodinent, as it can be seen fromFI G 5A the sensors that

f tl d .such as, 1l um 5 [ 94
and aerial | ni8 HEASUPTAG 1 HSIPUHEE b AP bFAEEG" b §=Cdik PP HEd
CL (Y-axis pag?ngtgprEEgbggp Gl ) 18f nmeasurenent stage MST.

Therefore, in e enbodi nent, asurenent using theses sensors can be
perfornmed by novi ngiieiasHtIIEaRt, st agsVBd sty oM A8 Pertieter system
direction 10 wi thout noving the neasurenent stage in the X-axis
direction. 118 (guchidist iapnopbieat s wfteanie megnberar tespyd lked thbovaein
an illum noni tor that has a light-receiving section having

nc , a
pr edet er ni edgé‘?‘é% tdate hogdp PERISSAEON MR R ikt iognmRY ght S PeoATrEfRged

i mage plane o j i, QM. i.cal stem P, y.,al.sa 15 be enpl.oyed
whi oh Ts-di sot BEaBERELY AR et BT B el S e B Rt e
Application Pehthepddondt e 2L15616816-(H88 QUF&SRRAARG Ui that ent
Application Publication No. 2002/0061469) and the |ike. The

i Il um nance nembdédimerst alisceprfefremabky giacaa I8 tike teebkerakirarged at
" 20l ncidentally, in the enbodiment, liquid inmersion exposure is
performed in e egnent rapgodedcniped edlpsr e | i ght

illumnatjon Iigh | L via projecti optical systemPL and |jguid
Emater) g, and ac Wﬁﬁﬁ?ngnétﬁﬂeiﬁ$% ?ﬁﬁﬂi?%ﬂﬁ%?ﬁ?iW@l§eﬁ§6Fl©ﬂ 32
and the illugm { - el i NG N t
56 and mavef?%%t aﬁeﬂgg?#%ﬁ&ﬁgggﬂr%ﬁg %%%%gﬁﬂgﬁ??gé%gﬁangrgggggﬁgi?F
neasurement ustage ildiHriseation b ghtvddsuregeh¥etdhldmMimatisonohho8d dit

via projection optical system PL and water Lg. Further, only a part
of each sensostagrhaids sevdiopt ITalisdeeinlewyel beg meghieedsm (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 8z 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). B2s such measurement
25 members, for example, as shown in FIGS. 2 and 52, 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



49 on neasurenent table MIB (and stage main section 92), or the
entire sensor may be placed on neasurenent table MIB (and stage nain
section 92). As shown in FIG 5B, a frame-shaped attachnent nenber 5
42 is fixed to the end surface on the -Y side of stage main section
92 of neasurenment stage MST. Further, to the end surface on the -Y
side of stage main section 92, a pair of4photodetection systens 44
are fixed in the vicinity of the center position in the X-axis

direction inside an openin f 10 a% achment, ng r 42,.in the

ol acement capABFe) OF-TAATAGSS SR PAGECFR GICIEPLAS M b P ARt el
d i bed i E j 4

of “an opti bal SegethbL, Al R oR] H8L L O RESLETRG s S RIROSE by

such as a photRaid PRI rtiidPeme 8AEd & USIsNE 1 E8Bb s &P USES FhRelkard® &S
it can be easily imgined fromFIGS. 48 and 58 and the descrlptlon SO

far, in the ebhedparepitlet rofa Intatreanthenal wallelicsttaige WBT W0d03/065428
measur enment stage MST are closer together within a predeterm ned
di stance i t#edEhexiskgiarecempiryache| daivryef roaht BRermatdqs) measuring

il i nat i light IL that b 20 t ifted th h

ver i al fmge SSHPITRNE s T Rt AdeRLep el bt PRI p e S AT
gui ded by eache | 1ol Ad@NHEN B9 1SUELEM B, aRM JeaRzead (Byethe
| i ght-receiving el ement 1 nside each photodetection system 4. That

i's, measurenmeddrpdsiehdithg EP ghteht appTilchiAgnDig1eR t36nAn .and 79 223)
phot odet ecti on systens 44 constitute an aerial image neasuring 45
(refer to Fl Gams)alsthilzsh usedsinilar to the one disclosed in Kokai
(Japanese Unexam ned Pat ent Aﬁglipation Publ i cati on) No. 2002-014005
(the cor r¥spondi ng A5 SReE&TeAL 1 ABHNRRER iR PUBMI SEPSATNGE, the

2002/0041377)c5§%f§df§£f&% 5@%ilar to the one that is disclosed in, for

example, Kokai (Japanese Unexamined Patent Application
Publication) No. 57-117238 (the corresponding U.S. Patent No.
4,465,368) and the like can be used. Further, as aerial image
15 measuring instrument 96, the configuration similar to the one
that is disclosed in, for example, Kokal (Japanese 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, 26 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 themeasurement 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 liguid
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



previously, and the |ike. On attachnment nenber 42, a
confidential bar (hereinafter, shortly referred to as a "CD bar") 46
that is nade up of a bar-shaped nenber having a rectangul ar sectiona
shape and 5 serves as a reference nenber is arranged extending in the
X-axis direction. CD bar 46 is kinematically supported on neasurenent
stage MST by a full-kinematic nount struggure. Since CD bar 46 serves
as a prototype standard (neasurenent standard), optical glass
ceramcs with a %gléﬁ%co fficient of thermal expansion, such as

n

Zerodur (the BF Y DEASEHBPEZRE WE- eifpl byRd1eRS thel pdt EPFal ske
The flatness ﬂggrgfsgfbér$§#H¥¥E’d%ﬁ%%%%%réﬁgﬁtsy%g cgﬁﬂpf CD bar 46

is set high to be around e sane’'|l evel "as a So-ca dat um pl ane

plate. Further, as shewe eRbbifmend) & L8l 85LNLE sBEA! ERGN (il 53D the
diffraction grating) 52 whose periodic direction is in the Y-axis

direction i s sespect ittty afrer fedquent he wdedd suti 0f Urlkereand 1 pomnihanse
on one side and the other side in the |ongitudinal direction of CD
bar 46. The pBfRSYFin@fsensstedyrand Agsisd imadeonardupl ng darsapamentr Hn

h oth t 20 term ned distanc which is tg be "L") jn the
SyTmEs T onl PP AR TSR 4 CEpger i he fh LEmes idrateocthgpboh"he

di rection of ISpenG e i CL i.bed 0

Further, on t%%hﬁﬁééﬁﬁgdﬁ acgéﬁﬁn%Dg%gpg4%$Té Sﬁ%?%???g'ofgr% %rence
marks M are fenpedinent hecpbacen®nt udsng OB deNs @sdt Seahbe phEformed
plurality of reference marks Mare forned in three-row arrays in the
Y-axi s directbhpmavinchacsaneepéntist agedMEReoraly ay blie éachxisoditection
formed bei ng shifted fromeach other by a predeterm ned di stance in
the X-axild di FEERTHh MRS NG P BEapRFrMe STRELKE e 1at- P HERSH berad

mark having In addition to each of the sensors described above, an

illuminance monitor that has a 1ight-receiving section having
a predetermined area size that receives illumination light
IL on the image plane of projection optical system PL may also

15 be employed, which is disclosed in, for example, Kokai
(Japanese Unexamined Patent Application Publication) No.
11-016816 (the corresponding U.S. Patent Application
Publication No. 2002/0061469) and the like. The illuminance
monitor 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 éensor 84 (and the illuminance monitor), aerial

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

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



51 a size that can be detected by a primary alignnent system and
secondary alignnment systens (to be described |ater) is used.
Reference mark M may al so be different in shape (constitution) from
fiducial mark FM described previously, but in the 5 enbodi nment,
reference mark M and fiducial mark FM have the sane constitution and
al so they have the sane constitution withgthat of an alignnent mark
of wafer W Incidentally, in the enbodi nent, the surface of CD bar 46
and the surface of neasurenent table MIB (which may include the
measur ement 100 RAHBIERAEYcErBéE MbV@ndapeage spigogesbdoni 3 aor the

liquid repellent.film(water repellent fil severa| | SO
on the +v' endeBht T4 EENGHA THePS RIaR G Poree SRttt LrafP (ol 28sue
MIB, reflectigg;susd ]99‘?_and 19b are formed simlar to wafer
table WIB as 1s described above (refer 15 to FIGS. 2 and 5A). By

irradiating an intetd emenmt eh PE@MIHTEAS UEEMBAEhARat t3ThEBA W métber
FIG 2, on reflection surfaces 19a and 19b and receiving a reflected

i ght of each4?nterfiereasheioethbeany surfdost enf thenef esidkB cdndtage Mnain
interferonmeter 130 (X interferoneter 130 is not shown in FIG 20 1,

refer to FI G SeFEHT | M &5 SGrvreresysFEave 15T r eF8EtheTFI & e end
nmeasure a di s&gfgggngn qQf,, gach r.gf I ﬁgtign surface fcrom aggatum . £
position, that 1's, positional !Sr:'f Sr _tF %g%fn_‘arﬁéh_ssl?r SRt faaepifsﬁ' ©
(e.g. includigg,edadeasti RPSikenal 4inheE MRLIOD i (R vXcakh 8ya8E the
Y-axis directions and rotation 25 information in the Oz di I’EC¥I on),

and t he neasutenest pealitdésnate Heppk-aedstdl faitictonhsOie en 20ening of
I n exposure apparatus 100 of the enbodinment, in actuality, a primary
al i gnmentlOsy steaghment mexbed dA.stnathhtpldermany sapabdg ohrdaghng e

center of Prolegtin ylt B85 PRl cal, axig Aol proleelion
) o AL HERCA R oA AU LS e
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 Kokai (Japanese Unexamined Patent Application

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

Application Publication No. 2002/0041377) referred to



5 optical axis at a predeterm ned distance on the -Y side as shown in
FIG 3, although omtted in FIG 1 fromthe viewoint of avoiding
intricacy of the drawing. Primary alignnment systemALl1 is fixed to
the |l ower surface of amain frane (not shown) via a support nmenber 54.
On one side and the other side 10 in the X-axis direction with
primary alignnment system AL1 in between, 58econdary alignnent systens
AL22 and AL22, and AL23 and AL24 whose detection centers are
substantial ly_synuetrjcal|l lLaced with respect to straight line LV
are severalIyp5¥¥éﬂﬁg%¥’1$é§F%Q§(iﬁkfe al i gnment systens AL1 and 15
AL22 to AL24 are plGeade3enbbal nbhBbE 13elLChh PRaGRIL £ BBl (Rebbafigs: 8t
different positions in the X-axis direction, that 1s p?aceg al ong
the X-axis di 6R6ktDR. referred A% ia$ BEPCEsSBatal | 4@l thath@wnmBde up of a
secondary alignnment system AL24, each secondary alignnent system AL2n
(n=1 to 4) 20kes-$hxeed trenbay havtingnangeena)gwlamrseayhod8d chagetand
4) that c turn around a rotation center 0 as the center in a

pr edet er nithedS8h%Fe PRy eFs TP NGk MFERSAndS st F OBk e dilpgcinohle
in FIG 3. Inythe. odi ment., a.pa of . each .secondary.al i gnment
system AL2n (}é.g{?l?ﬁ %%‘f’%g%ﬂa' Fgaé%rahsz%gc A gltlg}a})s(%gn?'?%%?rted on

irradi ates anpahsgramavit |d1dfe M@TARYCheEhl OOk Al &S AR 80 Leadscihe.
light that is generated froma subjéct mark within the detection area

to a light-receivi firdee@®nbpri 46f baedes aa@ranfftcanget Beanaaadni ng
section is arranged at the main frane that holds projection unit PU
The 53 X- posin¢adpisretenfectitddlaydil i gahiaal sybasheeeMapi.csAR2Rh AL Dew

and AL24 e severally adjusted by rotating aroynd rotation center O
as the ool erSOPRELTIRNT Wir BRI Tb SABEBSE PBn SHERES(AFEedF dEPECRTHRR
centers) of s 'tg_ng@ AL2 4

are i ndépendeﬁ%ﬁ@p%zsa%lde In ?%g%&%@%dﬁsﬁég%?@?& %%Sfd?rn%ng%%eess

rel ative posi&é@nse ff the WckheRadeeanhObuRELAR] YoALDIPARNE is set
systemAL1 and secondary alignment systens AL21, AL22, AL23 and AL24

are adj ust abl eighn thdeXaarsddthectdmmn levrdi dend addygaliledt Hetum plane

enbodi ment, the 10 X-positions of secondary alignnent systens AL21,
AL22, AL23 anelai®4 AMEthErpSsadljerst éd FhF -t e ROteRSrERCEfIRAE N -9 -
However, .the present, inventiqn is_pot. limted to thj.s, and a,drive
mechani s hat o1 VEs- b CORTary) aPPolReRt Ryjctashe Ai3pctapasts e
and AL24 backyangh § Qfitied i) Jhg MBSl very | QB 12l $RelPilnicy of
arranged. Further, at |east one of Secondary alignnent systens A%l,
AL22, AL23 anghdleXd geoxtiensovadonet soak yand e othidd $ider eat tiea but
also in the Y-axis direction. Incidentally, since apart of each
secondary al i fpm@itudingle Aixezhips oDV day 46m 5B)e pedint péna¢ference

information of the aré )
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 ¥-axis direction
of CD bar 4¢, 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-dimensional mark having



20 that is fixed to arm56. is neasurable by a sensor (not shown)
such as, for exanple, an interferoneter or an encoder. The sensor may
only neasure positional information in the X-axis direction of
secondary alignment system AL2n, or nay be capabl e of neasuring
positional information in another direction, for 25 exanple, the
Y-axis direction and/or the rotation direttion (including at |east
one of the Ox and Oy directions). On the upper surface of each

56" 5 =1 to 4) that i 1 , Of
1 11 orenti ol BUBAathan SoPBer P At By PNy ORI Eh Y taRygnd
56n i t at - i i i n= n
ohown i n kG Sg¥nderp i iten®is i c s TREMAE RBCITnell Tl 4 BRkd.

in response tReFaséfidE ha@RM AbyHISS BORLFEELaht 20 sHRbE (eoRkEOLLEl o)
activates each vacuum pad 58, to fix each arm56, to a main 5 frane

(not shown) b§remcfidwmcidl erankotFit descadbedt peetiofslar, k@, inThhs,
the state of each arm 56, after rotation gagle adjustnent, that is, a

desired posit FBRAPLRMa | 15 FercsuRagkclindRg yf kduGide My Hehava the
to AL24 with respect t.o. . pri.mar | i gnne system ALl i s naintaiped.
101 noi dent al 1 9 roomi kBB 5B pEROCH e DU 111¥e srber GBI RGL BF o
56, is a magngiig dpdy ofaQn%lﬁ(btﬂn%?%QﬂSEk@ﬁ’\élf%Q Re anplioad hagt ead
of vacuum pad 58. I n the 'enbodi nent, as each of primry

al i gnment  systken ditodintbritQuitheesantiacy o ICPNBRAL 4 6 Vi iheAsdifhOe of
AL24, for 15 exanple, a sensor of an FIA (Field Inmage Alignnent)
system by an Peagergrertedsitie MEBhdwhichusay ineliude rtidi aeesugement
br oadband det ecti on beam that does not expose resist on a wafer to a
subj ect (rjﬂs@r k, "HPRE TR &S T R iaF?Qéf@?oFr?h L8RS M tornedIBhd a

light'rECEiVinpéﬂfHH%.Q%Jﬁh%wkﬁgkeggsgliégptfifﬁﬁnseverally.

Also on the +Y end surface and the -X end surface of
measurement table MTB, reflection surfaces 1%a and 19b are
formed similar to wafer table WIB as is described above {(refer

15 +to FIGS. 2 and 5A). By irradiating an interferometer beam
(measurement beam), as shown in FIG. 2, on reflection surfaces
1%a and 19b 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, positional 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 8z 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 placedon straight

line LV passing through the center of projection unit PU



20 the subject mark and an inmage of an index (an index pattern on an
i ndex plate arranged within each alignnent system (not shown), using
an i magi ng device (such as CCD) , and then outputs their imaging
signals. The inmaging signal fromeach of primary alignnent system AL1
and four secondary alignnment 25 systenms AL21 to AL24 is supplied to
main controller 20 in FIG 6. | ncBdental |y, each of the

al i gnnent systens descri bed above is not limted to the FI A system

d I di h d ligh
Pod 2o eor TR (38RREk, MR A -BhER: g SSEA ST B, Lubllep
light generatgdsbr oM AbEdSHR} O MR ket e MBKESe N0 (i d J‘rﬁ%%t ed 'Bg.{?ﬁé

(e.g. diffracted lights of the sanme order or diffracte I ghts being

di ffracted i nemhedsaset di et thedmy gagalatededrome thessidyj eegld hasask
interfere and detects an interference light, can naturally be used

al one or in céfpbpABiPD Tt ercatenl pqsuutnnerthatw@ abagademany trrensthe
AL1 and AL21 to AL24 are to be arranged,in the enbodi nent. However,

the number® of SBF gAhet 13yt P eSehBEMEnGgs t S E3NIs W& thEt ~Kmjige as
the “U”bef quﬁéw qn% £ APtﬁRQ%h Q209 ; t% 110 £QL mt% %Q@}?%:ent

four, e nu er ‘equa nor e an Si'X,

even nunber 88t atHEd Delgl &wﬁq%racylvaffewsrdré&hﬂ&le @&%ngeahgﬁméfrﬁc
al i gnnent systems AL1 and AL21 to AL24 are to be fixed to the |ower

surface of theyseem Allame fiwdd ltol tise drovjeactunfacaidt RUhaii &ramppoidt
15 nenber 54. However, the present invention is not limted to this,

and for exarrp?’éo"“f-hé’l\al %éuappghmﬂb%y%%en@nrmye aids and she stged Bide
th t f d | Furth | t

Systome. AS an WS TS TRLASE G vifh pratintand S BR handt o AL 1o
reference mrg@t@ébﬁ”%e%n%@&gzglf&méﬂ‘c ts*}%t%ﬂfgoﬂt.ﬂ? g hﬂ?z ,53é§ﬁjeﬂ'ﬁ%%

will also be sinply referred to as™a mark etectlonsst

exposur e appasied USLA0@heket Hetesbish Nt e@s aS:IéOWﬂblsﬂaEtﬁaJ_i?y four
head units 62A to 621J of the encoder systemare placed in a state of
surroundi ng neverietniviall3? rdesed beégh respect to straight line LV are

severally arranged. That is, five alignment systems ALl and
15 AL2; to ALZ2y 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 arcund a rotation center O as the center in a
predetermined angle range in clockwise and anticlockwise
directions in FIG. 3. 1In 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 1s 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



25 earlier, on all four sides. In actual, head units 62A to 62D are
fixed to the foregoing main franme that holds projection unit PUin a
suspended state via a support nenber, although onmtted in FIG 3 from
t he vi ewpoint of avoiding intricacy of the drawi ngs. Incidentally,

for exanple, in the case 56 projection unit PUis supported in a
suspended state, head units 62A to 62D n®y be supported in a
suspended state integrally with projection unit PU, or may be .

d at t f d i bed ab .. bHe its 62
I g i R A
proL oo on unkparieutandlecdonpidadast g enilony Brthesconisi

di stance fronzeptéca aaxtise Aerdferdr Of @ HYY APLHSAl £ 15/ Sle@BPhon areas
symmetrically with 10 respect to optical axis AX. Further, head units
62B and 62D afer tdspiaitdatdlop pénieersonf tdecondagydel ignheny systeensf AL2,,
proj ecti unit PU_having the |ongitudinal direction_in the Y-axis,
di rection“and®%fa 2-<p %‘F%@é@‘laﬁéﬁt ingerendarddy fovgbLRelBafe X-axis
di stance fro i,cal - axi oj.ecti o tical _system 15PL.

As shown in %%é%ﬁ%néadhéﬁlé%%ﬁ%ﬁ’ant 96569‘ r% vgagﬁséﬁh?rb%e%?vﬁlﬂ% a
plurality of §stact ibd BL8asaFehr MndEPdd i 6AmbRals ARWPARE @Bl edondary
predet erm ned di stance on a straight” liné LH that passes through
optical axis #@fmepriosestena AR, cAL220Asystam BL2adkd adpasadbeé itno
the X-axis, along the X-axis direction. Head unit 62A constitutes a
mul ti pl e- | enstiigi®axdgsdineehian cadariventaddy . et dder efhedanent + dhe

shortly referyred tgQ.as a "Y encoder" or, an "encoder" as_neede 70A
(ref eryt &%F RS Sn@&sﬁﬁﬁgngﬁﬁy %L"rqrfnéﬁ?*i FYCHEMY. Akfy Alzz, AlZs

and AL24 are to be adjusted by the rotation of the arms. However,
the present invention is not limited to this, and a drive
mechanism that drives secondary alignment systems AL2;, AL2,,
ALZ23 and ALZ24 back and forth in the X-axis direction may also
15 Dbe arranged. Further, at least one of secondary alignment
systems AL2., ALZ;, ALZ3 and ALZ2, 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 56,, 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 564, a vacuum pad 58,
(n=1 to 4) that is composed of a differential evacuation type

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



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 described above. In this
case, a distance between adjacent Y head$464 (i.e. neasurenent beans)
equi pped in head units 62A and 62C is set shorter than a wdth in the

X- axi di i fyY 39Y1.,and.3912 b
Cength of ori BOTFReoRa eV e ERERs B o rat ok, FBY oS 3L a5
that are equi ppedrith, pagh @ftﬁ%QnHThﬁésﬁqzxﬁb@QP o%e} E@adl Zllespo se

| ocated innernost is fixed to the | ower portion o arre 0

proj ecti on optbcahssystemmy di mahe @BREeratlsf @, Malhheoﬁtﬂelpér 20
nozzle unit 32 enclosing tip lens 191) so as to 10 be placed as cl ose
as possi bl e tactheatpsiwwth awicsivof pproféctticodigperchl azysi@mtPLa main

As shown I“Jt] FLG 3,, head unit 62B is, equipped with a plurality of
(seven in 1hi STRER Ok AR &Y FRGEICH @TbrACES T ﬁawﬁm%@wm

d d h
nead ni eg%%geeaglhpbegﬁg ik Cf ural %té r%ﬁ?%%eg/tee;rt et Afgle

out of el evenajheagsnt hawrmeris, tar aes&@&aﬁésiﬂ%naqvec@laeleﬁ' 8B Your
al i gnnent system AL1 are not shown in FIG 3) X heads 66 that are

pl aced on straeghtddrynealMratend [syedemerm,nﬁd:odman@fth Heaaj:aml tto62B
20 constitutes a multiple-lens (seven-lens, in this case) X |linear
encoder (her ePRHTREY 2 ng rSé”ISéPFleHL@ol%lsmW@@(Lf@ﬁcoder" or an

" der" d . to FIG 6) that t
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70D (refer tObd,FIéﬁlpmyddlaﬂnst@asjubgsvgb@uﬂ-ml53 on of wafer stage V\BT
(wafer table WIB) using X scale 39X2 descri bed above. Further, in the

enbodi nent, for exdmwpkbe ebedienaritveasfeadh gnpniméty alignment system
ALl and four secondary alignment systems AL2; to ALZ24, for
15 example, a sensor of an FIA (Field Image Alignment) system
by an image processing method is used that irradiates a
broadband detection beam that does not expose resist on a wafer
to a subject mark, and picks up an image of the subject mark
formed on a light-receiving plane by the reflected light from
20 the subject mark and an image of an index (an index pattexn
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 BAL2; is supplied to main controller 20 in FIG.
5.
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



58 be described later) or the like, two X heads 66 out of eleven X
heads 66 that are equi pped in head unit 62D sinultaneously face X
scale 39X1 and X scale 39X2 respectively in sone cases. In these
cases, X scale 39X1 and X head 66 facing X scale 39X1 5 constitute X
| i near encoder 708, and X scale 39X2 and X head 66 facing X scale
39X2 constitute X linear encoder 70D. Heb®gi n, sone of eleven X heads
66, in this case, three X heads are attached to the | ower surface

si de of support er. 54 of primary, alignnment, stem, AM _Further, a
i Stance: 10" bEVACETSRgeat S BRGL Bt PR EraRECh e PRASTasS
equi pped in e L B,an ' t rat a
width in the g{:‘@?@%%ﬁ%ﬁg xogcg?géps%‘?&scgnff%?ﬁ%ﬁ( tlgeggs e
accurate, a |lengtfa@ic@lightsrE BHa sahdrdRis oX d16F¢a88eHAGRIIAE being
i nnernost out of a plurality of X heads 66 that 15 are equi pped in
each of head @hffxa®28l dndtBeBams fiixedtion} lyenkeoatedeficbmpdhei subpdct
the barrel_of projection optical systemPL (to be nore accurate, to

the side of nB5¥elRiREISEF énel dstRgtei pnl brisenkpmenss 44.9h. beapl aced
o5 o Se, 25, PARELDLEL] ol £R1ARE L oL el REPLEELL AR oo Sl e
on the +X sideiff 296¢ARARALYs M I HTRAL S¥Shen) Ale?fr2 Y aheads K4y l-atky
64y2 are respectively arranged, whose detection points are placed on
a straight |itre tar anbedinent heHobewdrs that npRiseeof Rndgghehbesystems
detection center of primary
1s not limited to five, but may be the number equal to or more
10 than two and equal to or less than four, or may be the number
equal to or more than six, or may be the even number, not the
odd number. Moreover, in the embodiment, five alignment
systems AL] and AL2; to AL24 are to be fixed to the lower surface
of the main frame that holds projection unit PU, via support
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 AL2, 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 embodimeﬁt, 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. 1In actual, head units 623 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 aveoiding intricacy

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



25 alignnment system AL1 and are substantially symetrically placed
with respect to the detection center. The distance between Y heads
64yl and 64y2 is set substantially equal to distance L descri bed
previously. Y heads 64yl and 64y2 face Y scales 39Y2 and 39Y1
respectively in a state where the center 59 of wafer Won wafer
stage WST is on straight line LV as showaéin FIG 3. On an alignnent
operation (to be described later) or the like, Y scales 39Y2 and 39Y1

I d faci Y, heads_64 d 64y2 tively, d, th
V- posi 11 on (aRECBRECEERSPE: S o) SUPRAFER L a YREP B aAebPech By
Y heads 641, 1,,and.6 k. d 7 j Y
heagg1 241, 1 aﬁgmgzyg)y.g éﬁrﬁ%ﬁﬁ?%%t %gﬁgéggglagg%t?%a%q{%{e ﬁ%agfg

basel i ne neastuhesgpaldy Wit 5e6P8ciRToh ahi8NPENbrSKsy VBattnbed 1@ the
described later) or the like, a pair of reference gratings 52 of CD
bar 46 face Ymhaadsewdilylfxzame SpZribsgesbovely, and the Y-position
of CD bar 46 is neasured at the position of each of reference

gratings 52 by Y hefdtRe BUYITSaRdP6aY2 Batd dracrRgPeet breht @lgicad Rgsthe
o2 Lol |OkoAtR0, dSCrl LA, LR -e0sa0RLs LIBL A0S SaUTRY o ¥
LT oo CenEsiaRiaa Mot ASOBAI O tleh LT Bl
informati on oplameéerapsiraget WBbdtareda@h 1y the same distance from optical
axis AX of projection optical system PL symmetrically with
10 respect to optical axis AX. Further, head units 62B and 62D
are respectively placed on the +Y side and -Y side of projection
unit PU having the longitudinal direction in the Y-axis
direction and are also placed apart at substantially the same
distance from optical axis AX of projection optical system
15 PL.
As shown in FIG. 3, head units 62A 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 AX 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



20 measurenment direction at a resolution of, for exanple, around 0.1
nm and the neasurenent val ues (nmeasurenent information) are supplied
to main controller 20. Main controller 20 controls the position

wi thin the XY plane of wafer table WIB based on t he nmeasur enent

val ues of |inear encoders 70A to 70D, 25 and also controls the
rotation in the Bz direction of CD bar 467based on the neasurenent

val ues of linear encoders 70E and 70F. Incidentally, the
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arranged. As shows 62 HQ 63¢C is ééne Eﬂfﬂl(t@rﬁthhn asyidth ASitheOR-axis
measuring device, a 5 nultipoint focal position detecting system
(hereinafter, dshwti@m rceﬁ & sedles 38Ya AndiPPpol bﬁznwgt enthrbyeam
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enbodi ment, as an exanple, irradiation system90a is placed on the -Y
side of the - X0 enitl pporiteichd oof ohehdalinsts tEACPlests i e digrecuicaushye antb
15 phot odetection s stem 90b_is placed on _the -Y side of the +X end

portion of heble uhide ELANPAZIesERtte 3A e@sé@ﬁlng FEp defiret 198 ) spet @ to

90a. ral i det ecti on, poi nt | t.i poi nt AF
system (90a, A]@%B)”Laaﬁg%ﬁ Slotf af BosgiERr phiaatarel A of Bhgl 9F 19
X-axis directjon om t t%w ce to be detected, although it is
onmitted in the draw ngs. 1n fhe embodi nent, the plurality of

detection points ame rslh@e:adinf PLGEX P &ad i\ stth @23y ri@ngquspe@fwﬁth a
matri x having one row and Mcolums (Mis a total nunber detection
poi nts) or hawlyme iy odwésanen 25 Mhéel cass) (MNhesda 6althadf aaetplated
nunber of detectlon points). ILn FIG 3, the plurality of detection
points to Whl% St st |1611i'ebé‘¥nﬁitsaslé’é%ﬁi%lJ‘FGFSl“Jt"Iﬁdadiila‘?ﬂ'-é‘écﬁr alapg the
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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 WIB) using X scale 39%;

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 WTB) using X scale 39X; described above. Further,

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



61 system 90a and phot odetecti on system 90b. Since the | ength of
detection area AF in the X-axis direction is set to around the sane
as the dianeter of wafer W positional information (surface position
information)in the Z-axis direction across 5 substantially the entire
surface of wafer Wcan be neasured byonl yscanni ngwaf er W nt heY- axi s
direction once. Further, since detection5&rea AF is placed between
liquid imersion area 14 (exposure area |A) described earlier and the

AL 23andAL24) 58 Tt AEPEE Lo Ehroi i st diicin SharatonteTn
the mul tipoing reeca&sy%teemedaférgﬁ ggnamay R4S BB 8D e R EELR%S‘EQ@

in parallel. The multipoint AF e arrange

main frane thabtcdol dsapedBGL 400 WUBEL1EY X, Fdpddtite 1RUin isomcOchSes .
arranged on the neasurenent frame described 15 earlier in the

enbodi ment. In thedencideat af Isgalenh29%l andly hyadf 66 ctaedinigoX g let 89X,
are to be placed in one row and M col um or two rows and N col unns,

but the nuhbeFPRFEDFIYSWs laHHPBre%‘Eﬂ‘iﬁﬁﬁs?ops/ are hacalenst P aﬂ"éi ¥ht&%d
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the positions In axi's direction o

preferably made to hadlif,f ebRBto£\ARVRRAL WaRL @6 Lflearlerli chQWS three
Moreover, the plurality of “det ecti on points are to be placed al ong

t he X-axis diXé&etdsmreonesyeticd tbaehar BseM shhvedy 5dfle icF ﬂqipd_dtrmérﬁﬁbr
to this, and all of or sonme 25 of the plurality of detection points
may al so be pPhcel REIRALY erldanmessi syoremid-iheFyrthers aliditdroe
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have to be di t at least int axi s |rect|on
det ection beainuigithoihethd nedixdlsedi koct fen PlrukakésYe 93 et Hed 308,

points in the enbodi ment, but a detection beam may al so be i rradrat ed
to, for exanpibee,motrleeaenura’ee,araeaen@th 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 (tc 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



5 detection area Al. Furthernore, the length of detection area AF in
the X-axis direction does not have to be nearly the sane as the

di aneter of wafer W In the enbodinent, in the vicinity of
detection points |located at both ends out of a plurality of detection
points 10 of the nultipoint AF system that is, in the vicinity of
both end portions of beam area AF, one e&agh pair of surface position
sensors for Z position neasurenent (hereinafter, shortly referred to

"Z ") .. Llhat is, i f 72 d.72b and [
of 7 sensors TRCVHTE TolNHrer e FARGED Y LPROR i Syt 1 O8I L b PaBhett
ith t t izght ol i V. [ [ !
720 ar e Fixed Ta (ho Toudt Surt SEAS EPRRPEITY ofgs PRT CRouRT. 2nety

sensors 72a ter7/Rge AKENFOoscited 3ows adicABey; add ghtcka feialg Yahbeds
WIB from above, receives the reflected |ight and nmeasures positional

20 informati ofdpf artk tdaferespdtel W swnidatbeal-pheitiomdiatd dihe 6z
poi nt of the Iight,inthe Z-axis direction orthogonal to the XY
pl ane, as =an EREAPLEY) Hf FFERCaPtave fiSdc dseneaSeRb LY Scheats fAvanand

o S RPN 5, P B

72a to 72d meypal 6pyPpe arranged on the neasurenment frame described

above or the Ilike. Mor eover, head unit 6Wdescribed earlier is
equi pped with a pl uhattilter ofin( thet BinSodhsents] xateatl, twhiecbfi Bagsel Dial
of twelve) Z sensors 741, (1=1, 2, j=1, 2, , 6) , which 63 are

pl aced correspedeR¥RMaY: exliciihst secoafany ehbomtendl ginstiemsed tat ba

pr edet er mi hed di st ance,. the straight_Ljnes bein arallel to strajght
"ine LH i aP€oPHHaRd- T ign@Tolte Aot i RAtHero! "G eGPISEr aF ghtgs
line LHin th = Axd I egt ] t n t I i :

neads 64 1n 19 2 CEer I8 A ' paBRNRRE! Sp BaPh SRt ager] ana

are di sposed syamptgdsiadidd oft € Bt LENnes Likadudddarnene, ?bbﬁtion of
plurality of pairs (in this case, six pairs) of Z sensors 741,j and

742, and a ptachabiftye fofr enidecgutst 6 sa¥ 2 byl abhedd s l6dgl hatied 4y.iand Hecing
X-axis direction. As 10 each Z sensor 74, a sensor by an optical
pi ckup net hod**FFeRGe (L dGifsGrs 72 the £2d lgwdepi Beacehptieh: is

used. 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 resolutiocn of, for example, around
0.1 nm, and the measurement values (measurenment information)
are supplied to main controller 20. Main controllexr 20
controls the position within the XY plane of wafer table WTB
based on the measurement values of linear encoders 70A to 70D,
25 and alsoc controls the rotation in the 8z direction of CD bar
46 based on the measurement values of linear encoders 70F and
70F. Incidentally, the configuration and the like of the
linear encoder will be described further later in the

description.



In this case, the distance between each pair of Z sensors 741, and
742,) that are |located symetrically with respect to straight line LH
is set to be the sane distance as the distance 15 between Z sensors
72a and 72b previously described. Further, a pair of Z sensors 741,4
and 742,4 are |ocated on the same straight line in the Y-axis
direction as with Z sensors 72a and 72b. eburther, head unit 62A
described earlier is equipped 20 with a plurality of (twelve in this
case) Z sensors 76p,q &521, 2 and g=1, 2 6) that are placed, |,
symmetrical ly to a PFEFRCEI)EAPRALSENSOLA0 PF the ¢BberiBent est PPEition
w th respect 1 gh | ne d Il earlier. , eac . SEeNsQr
76, a sensor @§a§%£%% i%%.i%%(: u& ﬁ%%ﬁggggiRS%%#l %Fé?2§§§§%%§l?§aog5
to 72d descrifgdeedl hhothd 9-H8ed a1 Wtheh, i # aRRbhqgRh, Z 23208048 1FOR1G.
and 762,3 are |ocated on the same straight line in the Y-axis
direction as %jtihnZtsensassdif@aitands72de positibnt adasurdngensetise, a
74i,j and 76p,,i are installed, for exanple, at the mainframe or the
measur emerit f PAREIRPENE obetal dresdtilpaddeteating tfiggten nlhelreinafter,
enbodi nent, the sur nt .systemt{hat has,Z sensors 72a to 72d, and
7411 and 76, SHRPREE Fe AL TRHA Aol TRNFOP ALY O DY VRl a bY A
in the Z-axis;di i i pl ity. 0 IS _t hat
face the scalég%%ﬁgé%ag?éﬁgpggg%%ﬁ%%gnghgﬁg¢%r%E %?ﬁ%%%ﬂgggoghre
operation, Z Seps@IStildi dysareh 363" "4ndsedhbebapesttion d\'%’t%ﬁf ®0BNtand
are swtched, according to the novenent of wafer stage WST.

Furt her nore, hasttie expoSiguragdenasionlay scathes 39V disdlaseteast Home
Z sensor 76",q face each other, andY scale 39Y2 and at |east one Z
sensor 10-%74i e¥ampley kRl leddfrerRee. URSEBREN S| BA tartfe ApPAdGREAERAL
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measur enent system detects 15 a grating surface (a formation surtace
of a diffractiomdi#iiotgkyetenh®0sdal plabeieethet-he sielasof edRNt-X end
system can al so detect a surface that is different fromthe grating
surface, suchpPestidmrofe)xwfsl ainif $4Ef deacoibed onamisusglyassdt hat

covers the grating,surface. 20l ncidentally, in FIG 3, neasurenent
st age VST g ghotéhetecéaon system 920b is anced on the -Y side of the +X

end portion of head unit 62A 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



omtted and a liquid imersion area that is fornmed by water Lqg held
in the space between neasurenent 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 systemthat blows dry air whose
tenperature is adjusted to a predeterm ned tenperature to the
vicinity of a beam path of the nultipoingi AF system (90a, 90b) by,
for exanple, downf low as is indicated by outlined arrows in FIG 3.
Further, a reference code UP indicates an unloading position where a
65 waf er on wa¥eFeRadfa awBrhetadrbageton ateny 8pgr endécsodee pength

i ndi cat | oadi it . s ] d on f t abl
WIE, I the e BT OrLAF BN pRRs -G LEr | ARG Podia £ v
are set symmeipicaldy M ther 8§£’rﬁgﬂ%$ Q)flsw?EE hght,ddng dn¥1 inform%tion
I nci dental ly, unloading position UP and [oading ‘position LP nmay be

the same posi {s@Pface positbf iForhiRws ohhelimehe zc@RHisOiH B8 dtbrohct bs
control system of exposure apparatus 100. The control systemis
mai nly corff i gevkestaitimily dowt potlice 20rTzowpofedadér ¥ magr beonpatered
10 (or workstation) that perfornms overall control of the entire
appar atus. | nPY oRdyotRInghveteT ¥ inths fapnap dirgcidensifece Further,

connecting to i ont r.ol 1 er. 20, onrec#ion i.nf.ormati.on, .which w ||
be descri bed %gﬁ%gv, &?tsecs e dToPnbf ddht B ?g’/e,'d i1?1eiclj—“'lle(ir1 éL,lq\l/lérWinjorﬂ%erSlon

Sensors such asealNQVveskpdd il RADE & ATCRSIM b dloa SENSOENE%hA8EL &t ion
i mage neasuring instrument 96 and wavefront aberration measuring

i nstrunment 98aresc wifbelle pdvynmuat ystdtaimsarl BL Ay Bdidge It , ATPS UHredRnR )
stage MST are collectively shown as a sensor group 99. In exposure
appar at ust0100infthé ef @igdidinectinehths @Ot ednifary prer aitd oneofaiiner
descri bed above becausgﬁt he pl acenent agf, the X scales and Y scal es

on wafer tabl BUAFPSHY £REYAEFRATENERT 20f SPREN SOHE5HES £70 AhBaHsomed
e e B e e LRI B AP K
stage 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 two or more, 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



25 noves for alignnent and exposure operation) of wafer stage WST, at
| east one X head 66 in the total of 18 X heads bel onging to head
units 62B and 62D nust face at |east one of X scale 39X1 and 39X2,
and at | east one Y head 64 each, or Y head 64yl and 64y2 bel onging to
head units 62A and 62C, also respectively 66 face Y scales 39Y1 and
39Y2, respectively, as illustrated in FIgs. 7A and 7B. That is, at

| east one each of the corresponding heads is nade to face at |east
the three out of the four scales. 5lncidentally, in FIGS. 7A and 7B,
the head whi cAnL¥cRave HO b6r feshoreithgtx1eaakelnrthe scardsi dispahirn-
surrounded in_a circle. , Therefare, in the effective.stroke .,
range of waf eFugﬁé%Jé’ \%eif%?te]r%ge?% legaF?ib&?r{)?/gjc%ﬁﬁi g?ﬁﬂ‘?gpg‘é’é?‘ullty
motor that 100g0li s pbadesdih ihe babelinédc, PARed QBcabe B
total of three neasurenent values of the encoders, ich are encoders

70A and 70C, mag alsd asstiron@ieteancedersr OBingpid,7dhe BBENre area of
controller 20 can control positional information (including rotation
in the Oz Mireetéorontiraafil. sFugehyBlore, tthe Denditth pf aledagittibnhdga
accuracy. Because the effect of the air fluctuation that the

measur enent VAT udstBE ifcudel 170" 10 opSIRle N S0 SReltathoGgR Ine
that it can bg |€Q‘$r&9¥r\{e\/{%@ %%rrgg%gg_ Wth an interferoneter, the
ity o

short-term st abi e rmeasurement values affected by the air

fluctuation is 20 remehkakhoderttyhen QTRALEH 1 ¥ b I8 ection points
interferoneter. Further, when wafer stage T is driven in the

X-axis directiomatasd iz dhahnehys asutouttl anptluesal Dy ior BeCectfon Yodiaatks
64 that neasure the position of wafer stage WST in the Y-axis
di rect i o Car ecSddieent L bipginhwAFchrgtems tihati heli dat sleld @myidws of both

end portions of beam area AF, one each pair of surface position
sensors for Z position measurement (hereinafter, shortly
referred to as “Z sensors”), that is, a pair of Z sensors 72a
and 72b and a pair of Z sensors 72c¢ and 72d are arranged in

15 the symmetrical placementlwith respect to straight line LV
described earlier. Z sensors 72ato 72d are fixed to the lower
surface 6f a main frame (not shown). As Z sensors 72a tec 72d,
a sensor that irradiates a light to wafer table WIB 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) Z sensors 74y, (i=1, 2, j=1, 2, ..... , 6), which



25 el and e2 in the drawing, to the adjacent Y heads 64. For exanpl e,
the heads are switched fromY heads 64c3 and 64A3 surrounded by a
solid circle to Y heads 64c4 and 64A4 that are surrounded by a dotted
circle. Therefore, before or after this switching, a |linkage process
of the measurenment values 67 which will be described later on is
performed. More specifically, in the enbeglinent, in order to perform
the switching of the Y heads 64 and the |inkage process of the

measur enent val ue _snoqt hly, the distance between_adjacent Y 5 heads

64 that head BhFPL268A CHFd SFPORSETIL eash ehReT 8l onf o Herad dythl resy

scal es 39Y1 a i e X-axis direction. . , Further, in

enbodi nment sigﬁgﬁ?%ezdd%%%%@géb%f%\%aenncedd a%ggfakgﬂ%&&gegéa%wﬁ p%lfaeif&
equi pped in headdniilh628nand; 243116 198kt BAr SO Wele sb§@ b MbHe X
scal es 39X1 and 39X27in 10 the Y-axis direction as is descri bed

previously, whibte wif etrsigge lVWoé Ik iArdiheen-aki § be r¥caXos thatecdhosctas
indicated by an outline arrowin FIG 7B, X head 66 that neasures the
position i theerdiidydpictthenfofdnal Br tdrisgeavel I sesgren?falland

switched to jacent X head 66 (e.g. X head 66 15 cir¢led by a so]id
e e ot t ot ihiat WAkE GuPERF.FER BhERPRRA (OATAEEIPe Ity §heatatt

| inkage proceps Ol NeprdPARMLEIRN! kel YRs.d 5 RPIEOLIPL, DALOER; ANthee,

after the sw tching. nfi gurati and

encoders 70A §ix 7QH m)l lofbe desebibedy, | anusi?g ornd anpodesl ¥OA dhat
is 20 enlargedly shown in FIG 8A, as a representative. FIG 8A shows

one Y head 64heddshéddaveipl LA shabrnatally diresha Mledweict idirektgbh. As
(measurenment beam) to Y scale 39Y1. Y head 64 is mainly
conposed 18f t1$FELL SETEIOFNEL 1, whf GFNEPE Raha? PPAdFal iRdFkepdratioshsimigpr
opti cal system 6z4b and a %gapggt %jgtgcti on system.64c

Sensors escriped earlier is used.
In this case, the distance between each pair of Z sensors
74;1,9 and 74,5 that are located symmetrically with respect to
straight line LH is set to be the same distance as the distance
15 Dbetween 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 72b.
Further, head unit 622 described earlier is equipped
20 with a plurality of (twelve in this case) 2 sensors 76,4 (p=1,
2 and g=1, 2, «..... ; 6) that are placed symmetrically to
a plurality of Z sensors 744,j 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 2 sensors
761,35 and 76;,3 are located on the same straight line in the
Y-axis direction as with Z sensors 72c and 72d. Incidentally,
Z sensors 744,53 and 76,4 are installed, for example, at the

mainframe or the measurement frame previously described.



Irradiati on system 64a includes a |light source that emts a | aser
beam LB in a direction inclined at an angle of 45

degreesw t hrespectt ot heY-axi sandZ-axi s, for exanple, a sem conductor
| aser LO, and a converging lens LI that is 68 placed on the optical
path of |aser beam LB em tted from sem conductor |aser LID.

Optical system 64b is equipped with a polaari zation beamsplitter PBS
whose separation plane is parallel to an XZ plane, 5 a pair of

reflection mrrors Rla and Rib, |enses L2a and L2b, quarter
wavel engt h pl Eneshererid rtéﬁ embo%rﬂ@miectneomsgsarwm%l%tsaemmhatalws

WP1b, flect nd th
Phot odtra'?ec'??o og?én?(r%#ﬁor ga{asaréd pf)b‘llair F‘?gr 7! %—UGE A FES) Posjtional
phot odet ect or lnfagmégfoﬁ 'o‘fﬁerlgggzr: sLtS#entTemQ;%%r 79;@‘1? lﬁ%@ctﬁ%ﬂ %éjl::hng‘]

emtted from sem conduct or s 1ncident on polarization

splitter PBS gyha dre8ldralang b5 7spehiohy thakafidatthansddMeOpt-voi besp
LB]. and LB2. Beam LBl having been transmtted through 15

pol ari zat i'on Beaor¥pédit dhePBSoreactresheetkpobive chddfatdctmi,0f gersongy
RG that is fornmed on Y scale 39Y1, via reflection mrror R a, and
beam LB2 ref | ébt.ed2pif 7 ok aRF9%t Foh BRHMION MepsS rPBENE eAERegwitched,

efl ot ve, O EaERLED L MRLE J LSl S0 JLUASE, b phecmre,
splitting of ap thBGd eIty REAR HH QA f’sBQhérs'QngtahﬁrhtCQQQQE‘%HE 2HEh &0k
S-pol ari zati on conponent. Predeterm ned-ord Iffraction beans that
are 76p,q face each other, and Y scale 39Y; and at least one Z sensor
10 74;,; 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 & 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 of 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. E‘urthér,

a reference code UP indicates an unloading position where a



generated fromdiffraction grating RG due to irradiation of beans LSI
and LB2, for exanple, the first-order diffraction 25 beans are
severally converted into a circular polarized |ight by X/ 4 plates
WP1lb and WPl a via |lenses L2b and L2a, and reflected by reflection
mrrors R2b and R2a and then the beans pass through X/ 4 plates WPlb
and WPl a again and reach pol arization beamsplitter PBS by tracing
the sanme optical 69 path in the reversed direction. Each of
the pol arizatiop directions t he two t hat have reached

f b
pol ari zati on BR&RT sPFi¥EF" 5%’@1195 W5t éFegggga%‘?p'a@de 2of SYHTHBER el
o D i dinal. g rect | SN
wth respect {g £ﬁ§1§%%% E,lot%,'ndgﬁ%&gﬁﬁgit?oﬂh%%eorae waltds %Lé(rji{:%(%&lg n

diffraction beamo S previously transmt rou

pol ari zati on bgestr TRbi1klers PBEnithd 8fib&giRchof hinPOAMAZ BLLEOR: BRYHD and
splitter PBS and is incident on photodetection system64c, and al so

the first-ordévadind raetitwimrbé@mack beansiobRe t itata Mas wirtayvirespkyt 100
reflected of f polarization beamsplitter PBS is transmtted through
pol ari zat i%on Eg&'l*ﬁ%fbtf iting IPRS Aneidentydnthedindeadénacepst tEen |YP vinch

the first-order diffractian beam of beam LB2 described earlier and is
i nci dent on pﬁ%?%a‘éq é?ﬁﬁ]otr%o?yg%eﬁﬁa&g.e E}%erh%?ﬁ‘e tH7 1501°8ri zat i on

directions of the twg f&sebi8 3 main configuration of the control system

of exposure apparatus 100. The control system is mainly
configured of main controller 20 composed of a microcomputer
10 (or workstation) that performs overall control of the entire
apparatus. In a memory 34 which is an external storage device
connecting to main controller 20, correction information,
which will be described below, is stored. Incidentally, in
FIG. 6, various sensors such as uneven illuminance measuring
15 sensor 94, aerial image measuring instrument 96 and wavefront
aberration 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 ¥ 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 64yz belonging to head units 623 and 62C, also respectively



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 and 20 is converted into an
electric signal in accordance with the intensity of the interference
light. As is obvious fromthe descriptioggabove, in Y encoder 70A,
since the optical path lengths of the two beans to be interfered are
extrenely short and al so are_al nost equal to 25 each other, the

i nfluence by aPFef RAUST JAS: &S Rsel yPECEASEed: Fher luaterted in
roasur onent O EESt; OB 1 T L TolR L £ AR Hest g S8EPoRE thRe phase

measur emrent drréction s ‘Case, . : .
of the two beaaﬁrggﬁ&%ﬁng RSRACHISV Bh¥e WO ERENANARS dEN@HENERREL L Yut

of the interference
of the four scales.
5 Incidentally, in FIGS. 7A and 7B, the head which faces
the corresponding X scale or Y scale 1s shown surrounded in
a circle.
Therefore, in the effective stroke range of wafer stage
WST referred to earlier, by controlling each motor that
10 configures stage drive system 124, based on at least a total
of three measurement values of the encoders, which are encoders
70A and 70C, and at least one of encoders 70B and 70D, main
controller 20 can control positional information (including
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 ez in the drawing, to the adjacent Y heads 64. For
example, the heads are switched from Y heads 64;3 and 64y,
surrounded by a solid circle to Y heads 64,4 and 644 that are
surrounded by a dotted circle. Therefore, before or after

this switching, a linkage process of the measurement values



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 708, 5 70C, 70D, 70E, and 70F
are also configured simlarly with encoder 70A Meanwhi | e,
when wafer stage WST noves in a directiofA7different fromthe Y-axis
direction and a relative notion (a relative notion in a direction

besi des the neasure 10 directian ccurs petween head 64 and Y
Scal e 30v1 i nPBTE CBELT JfF scatRnbaBrF okt o, R Riro0l HibEr
nmeasured, in E?ééiﬁfé@ﬁly,a P %EBBHiﬁ her B?Ccyfc?ehﬂ koY peRegdRr ¢ HOA
due to such notion. Her€inafter, the nechanismof this asur enent

error gener at sehtahing bef descri bedds16Fi £5¢ ©ie alinkagyer @kated8 of the
between the intensity of interference light that is synthesized from
two return beagsswuBmenid viaBReasuodizhy addeedi staptathaiovetins pasearnty
with Y head 64) of Y scale 39Y2 (reflection grating, RG is derived.

In FIG 835, s%%?n%%i% thR&t PeRAMNLF 624Nk ‘ign?a§aﬁf§f+%cﬂeéa spgléef than

reflection m r. . IS DCI t refl ion at.j .RG,at _an,
angle 8,0, an%ﬁ‘g wnlgt?h Oc;ffae?g%%e‘{‘]rsagggi%%él 1"g t*¥s to "gg{égng%ﬁ?cg%l%I%'
an angle 8,1. And thg-tHRir Anbeas e &ihnd st f &filRet @daettahl | et dh
mrror R2a and follows the return path, is incident on reflection
grating RG atadiecng & Gehds266 Titert axrediebiii ppedoin |Hegddd uing tgen2R adredl
again. In this case, the diffraction light that occurs at angle 830
and noves t ovedR SeBRECDABROYRY tdenReaw i G Bgsedke H3%m iic 9%k cal

ath is Sl atorder diffraction light, which is a diffraction |ight
P The” sae ot it BLEERH SRS PeRer CBrt aits iy nowhoy water

outward patN.gtage 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 a 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 1ike of encoders 70A to
70F will be described, 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 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



Meanwhi | e, beam LB2 reflected off reflection mrror Rb is incident
on reflection grating RG at an angle Omn and an nbth order
diffraction light is generated at an angle ebl. 5 Supposing that this
diffraction light is reflected off reflection mrror R2b and returns
to reflection mirror Rib follow ng the sane optical path. In
this case, intensity | of the interfereneg |ight synthesized by the
two return beans LBl and LB2 is dependent 10 on a phase difference 1)

bet ween the t return heans LB]. and LB2 jn the |ight recgeivin

posi tion of tﬁgaﬁﬁ ﬂHHéﬁE%fﬁFFC%} patp ¢ c%%f?5f%¢%Mé@%F?lFﬁ8d Prom

I ntensity of ££ﬁﬁéaﬁh#§?ﬂ?1#%%£raﬁ% LB2 was to be equal to each other.
ase di

Details on deriving p eéréence are onitted here, 15 however,

phase difference 1)Oﬁt3_Ldafle§%§Eé1§@4inQféhﬁiiE9€dh¥iﬁH1§ B dQWatd on beam
formula (7). (1) = KAL + 4n(nb-na) AY/p +2K AZ (cosQbi + cosebo -

cosSal - cosSspl{t7/)erBBS whose $epdrutsicraskandAk pesralielphmae X2 plane,

difference due to an _optical path difference AL of the two beans LBl
and LB2, Ay i3 RfidpPacEsERCtoon Bireers g agradiMd REeppesHe2a and L2b,

o L eCtl oL eRaRRIENL, AL 4 SELEElL 9B, o LB RS 1 thed
na are the diffd@of yelaifehnib, each dd{dRRLEL0- LY 830 Pella the
like.

Photodetection system 64c includes a polarizer

10 {analyzer}, a photodetector, and the like.

In Y encoder 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; having been transmitted through

15 polarization beam splitter PBS reaches reflective diffraction
grating RG that is formed on Y scale 39Y;, via reflectionmirror
Rla, and beam LBy 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 LBz, for example, the first-order diffraction

25 Dbeams 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 beans
pass through A/4 plates WPlb and WPla again and reach

peolarization beam splitter PBS by tracing the same optical



following fornula (8). eao = ebOr 8al - 8bl (8) 5In such a case,

I nside the parenthesis of the third termon the right-hand side of
formula (7) beconmes zero, and also at the sane tinme nb=-na (= n) ,
therefore, the following fornmula (9) can be obtained. 10.swn (AY)
=2nAY/ (p/4n) ... (9) From formula (9) above, it can be seen
that phase difference tfay", is not depesdent on the wavel ength of
the light. As a sinple exanple, tvvo cases shown in FIGS. 9A and 9B 15
will now be con%hdered First of,all, in the case of FIG 9A, an

optical axis Bf“Heal Ble BT SRk rteﬁthﬁB Z-axis direction (head 64
I's not inclined). A%%;%%m#a%&%lo%t@%%qc a5 ghé@v%ct?éjaﬂd"tﬁg‘?

Z-axis direction ( IS case ause ere are no

changes in ophh¢al r@dtedigbilarensei M bt EPer e éF P 1chapaasd att he
first termon the right-hand side of fornmula (7). The second term

beconmes zer o, angteradf M tegaesappdsh trempedY £0. thadridimalhididetetion,
becones zero because it satisfies the symmetry of fornula (8).
Accor di ngl¥, hBSERBAER: FUEITFR-PRASE 'ffffréP hes. beam @ L bppRdBinghat

t ty 25 ch f t terf, ht As
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head 64|S|ncI|ned(head 64 is incl W th respec
incident on photodetection system 64c, and also the

first~order diffraction beam of beam LB; that was previously

10 reflected off polarization beam splitter PBS is transmitted
through polarization beam splitter PBS and is synthesized
concentrically with the first-order diffraction beam of beam
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 1is converted into an electric signal in accordance with the
intensity of the interference light.

As is obvious from the description above, in Y encoder
70R, since the optical path lengths of the two beams to be
interfered are extremely short and also are almost equal 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



73 Z-axis. Supposing that wafer stage WST was di splaced in the
Z-axis direction fromthis state (ZOO, 8Y=0). In this case as well,
because there are no changes in optical path difference 8L, there are
no changes in the first termon the 5 right-hand side of forrmula (7).
And, the second term beconmes zero, according to supposition Y =0.
However, because the head is inclined, the symmetry of fornmula (8)
will be lost, and the third termw Il not beconme zero and will change
in proportion_to, Z diﬁ%p,l acenent 8 Accordj ngly, a change 10 occurs

Z. |/ , .
in phase différ8hte $£1iHgNaRge idMedibaeetty R theadnkerksrenca feght
changes. | nciden \ I 64 .1 r adj ent or. _exanmpl e,
dependi ng on tqﬁe&glf) %&é%? %Fc}!’p%ori{b%ge&ﬁ&gﬁ ggéit:%fl:%iecrﬁ refnérflp Slﬁf'gﬁﬁg
head, the symiBkbym&tidQrdBHRBhdifgl €5tchaanAtbR8 i FFANURIERL Yalpet
changes |i kewi se. More 15 specifical Igy, characteristic i nformation of
t he head unit asvhirehsusemegenariatd ofi ¥ ancotdenf70Ae OeRSHIaTRIderer TOR,
of the encoder system includes not only the gradient of the head but

al so the opti ¢8F: pf dPeridds g WP arpupifer ¢omf ihinrsh simijlerdwi vied

in the drawings, in_t 20 case displ acenent occurs in a direction

per pendi cul ar SPGOERE surenment direction (the Y-axis direction) and
the optical axis digeghl (t - 8Xks..d] i , # Y5 .
8Z=0), the measurenent \}gll?és@gg%ng?k%ﬁa%%%&%s orrlngo(‘%;§ tgﬁegdla'r@jé% H‘)%n

(1 ongi t udi nal ddf Feeém©ProdmtMbi thadihe dgrbdtl bRerRf adibéf4a0id adt2dn (a
grating RG faces is orthogonal to the nmeasurenent direction, however,
in the case thelatieetianadrs imor ditrkogbonl besidess tihe meagucemsnti t h
a gain proportional to the angle. Next, four cases _as shown
in, for npPEreE ) RESULS Pobvesnl hepd brnder eFale BSY1oin 4 | |

in the case Oéifgé%iogh%esides the direction that should be measured, in

most cases, a measurement error occurs in Y encoder 70A due
to such motion. Hereinafter, the 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
LBy and LB; and displacement (relative displacement with Y head
64) of Y scale 39Y; (reflection grating RG) is derived.
In FIG. 8B, supposing that beam LB;, which was reflected
20 off reflection mirror Rla, is incident on reflection grating

" order diffraction light is to

RG at an angle 8,9, and a n,
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 9,1,
25 Then, a diffraction light is generated again. In this case,
the diffraction light that occurs at angle 8,9 and moves toward
reflection mirror Rla following the original optical path is

an n,*® order diffraction light, which is a diffraction light

of the same order as the diffraction light generated on the



10A, the optical axis of head 64 coincides with the Z-axis direction
(head 64 is not inclined). Even if wafer stage WST noves in the +Z
direction and shifts to a condition shown in FIG 108 fromthis
state, the nmeasurenent val ue of the encoder 5 does not change since
the case is the sane as in FIG 9A previously descri bed. Next ,
suppose that wafer stage WST rotates aroand the X-axis fromthe state
shown in FIG 108 and noves into a state shown in FIG 10C In this
case, although aead and the 10 scale do not performrelative
nmotion, or m)PB ‘é"ﬁ’é i PR |y, even t hough AY = AZ =0, a change occurs

in optical path di IHELENES LLoin i 108 S 00 Al il 06, 390 Ry

whi ch changes t he neasur enerit v € enco

nMeasur ement  eg kO0fnQLfeHs dmrtehﬁeeﬂgeﬁejra%ﬁ%rgmcd% 3P A&y1L96,,, and an
i nclination (t||t) of wafer stage WST. Next, suppose that wafer

stage WST novesdovaewrdt foemta ost atlghshdm/ngemefdﬁd HC aandngieesy; .
into a state shown in FIG 10D. In this case, a change in optical

path differ en%%PEPEl%efshaﬁottf@@clqlrlfﬁéééz‘u'senvxhi@?t stsage ASTtede st hot
rotate. 20 Howe)fzg because thg"ﬁb ¥ of for rrul A%B has been

| ost, phase dfffeFenc® iy GPEPFRR erferk® tﬁPBuﬁ‘ﬁrFﬂﬁ R1b
third termon t i a (7). Accordingly, the
measur enent vgéffow £¥Hgﬂiﬁgb e%%t%angeégy+ncidentalIy, t he

measur enent val ue afn tdre sereeder 1haehbﬂtya§eapftﬂa @nt&@Pe2enbecoi®ms:
t he sanme neasurenent value as the case in FIG 10A Accor di ng

to a result ofyathké¢sidext bonthhatwe heetimrwebeems BdanHelBj Ke dependent
performed, it becane clear that the neasurenent val ue of the encoder
has sensultq Vi %y hHhohassl ¢lfsenenpesif beharerharr)&wef refarscegans d.B hand

e e e s T

has senS|t|V| 0 an ang
pi tching di reftoeomc d 16 di re@l 5gp ﬁgbﬁ,y g dikeg déar@)m
nor eover, depends oncgg)he positi onatlefl EanSe I tcﬁégl % axi s direction in
t he case LB2 was to be equal to each other.
Details on deriving phase differenced are omitted here,

15 however, phase difference ¢ 1s theoretically obtained by the

following formula (7}.

b = KAL + 4m(np-na) AY/p
+2K AZ (cosBp; + cos8pp — Cc0SBa; — cOSBa) ... (7)
20
In this case, KAL is the phase difference due to an
optical path difference AL of the two beams LB; and LBz, 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 np 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



5 such as when the symetry has been lost as is previously descri bed.
That is, the theoretical description previously described agreed with
the result of the sinulation. Therefore, in the enbodi nent,
correction information to correct the nmeasurenent error of each
encoder caused by the 10 relative notion of the head and the scale in
the direction besides the neasurenent divection is acquired as

fol | ows. a. First of all, main controller 20 drives wafer stage
WST vi a st age Live SyS légﬁ |Ie nonitoring the nmeasurenent
val ues of Y | |nterferoneter 15 126, and Z

interferoneters 43A and 438 of interferoneter system 118, and as
shown in FIGS. 11A and 118, makes Y head 64 |located farthest to the
-X side of head unid,,62/,face,;an gpbitraggyarea (an area circled in
FIG 11A) AR of Y scale 39Y1 on the upper surface of wafer table WB.
20b. Then, based on the nmeasurenent values of Y interferoneter 16 and
Z |nterferoneters 43A and 43B, nmain controller 20 drives wafer table

WIB (waf er® st age WEM SYehehaese olinsigeahriprerenpthnsiy &b w@e & Get tagm
of wafer table r st e W5T) bot h becane, zero whi
pi t chi ng anDu%R\ggf gﬁggg gq%ﬁ§§ ﬁ iﬁi( A|B%C%TF?I%?HPHI§n85%%§O
nmo = 200gr ad) detectjony | r f
39Y1 from heaFEljt %ﬁégﬁg\%t %gr tﬁg edr?veLt%tr g%%r gczlepﬁﬂn%wgs génlgl}ﬁla

val ue which cogresnomQSckmaanahotoelectrlc conversion signal from
head 64 which has received the reflected light in an internal 76

nmenory. c. Next, while naintaining the attitude (pitching
anount ex = (10, amnn? anount ez = 0, rollin anDunt ey - 0) of
wafer taBile WB (wéber (AY hgelmdiy (s%d on -t H&) measur enent

From formula (8) above, it can be seen that phase
difference ¢ sym is 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 no 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. 2As a result, the
measurement value {count value) 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



5 values of Y interferonmeter 16 and Z interferoneters 43A and 43B,
main controller 20 drives wafer table WIB (wafer stage WST) within a
predeterm ned range, such as, for exanple, the range of -100pmto
+100pmin the Z-axis direction as is indicated by an arrow in FIG
11B, sequentially takes in the 10 neasurenent val ues corresponding to
t he photoel ectric conversion signals fromghead 64 which has received
the reflected |ight at a predeterm ned sanpling interval while
irradiating a_detection light on area AR of Y scale 39Y1 from head 64
descri bed abo%e2¥tfi ngUPReSARPVd1ataNd feoFERIE KRBTy HR Bt sl gGec R the

i nternal nenopy, .. . . Next I.n contro 2Q..chang e

pi t chi ng annu%ta%&sﬁ% é?g%88|irﬂﬁgﬁﬁﬁngFEEtQg§&V5$Y‘Bg-(3312958 case
Ac), based onabhTEASIENRAY crakues 8l nd LALAIdLTMRLRE LS path

e. Then, as for the attitude after the change, main 2 contrg? er 20
repeats an opéiffémmas W, athéde aralescehbhegeabiovehe first termlbgnhe
main controller 20 alternately repeats the operations of d. and e
descri bed :abovightmtaidsiderandermhéa e Pit chndg tdrepaatord tiesm hegomes
exanpl e, -ZOOg%rad <Bx<+2004rad, 25 takes in the neasurenent val ues

of head 64 wi fff% AFEFUPPVEC rAREEdELCRi betd “RboVEHRY Ha( PEEF SEL N
interval of, %&?ﬁ%%qpkﬁinéaP’£ﬁg'symmetry %f %@éﬁulgyuﬁlg&&ingeengE,

data within t rnal
and the third term will not become zero and will change in
proportion to Z displacement A Z. Accordingly, a change
10 occurs in phase difference ¢, and as a consequence, the
measurement value changes. Incidentally, even if head 64 is
not gradient, for example, depending on the optical properties
(such as telecentricity) of the head, the symmetry of formula
{8) is lost, and the measurement value changes likewise. 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 alsc 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, AzZ=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.



a two-di nensi onal coordi nate system whose horizontal axis indicates a
Z position and vertical axis indicates an encoder count val ue,
sequentially linking plot points where the pitching anbunts are the
sanme, and shifting the horizontal 5 axis in the vertical axis
direction so that a line (a horizontal line in the center) which

i ndi cates a zero pitching anount passes through the origin, main
controller 20 can obtain a graph (a graph that shows a change
characteristic_of the nmeasurenent val ues of the encoder (head)

according to tf&r Z£h® PRI INGHE ChehnGBfef? FAGOTa%k & itthe thReZ sHGIR
in FIG 12. T f _the,vertical axis at ch paint_on the
graph in FIG Q%é&?iléyﬁ%n@egt%hgﬁ eshIalgr%gt necéhﬁéléagzr'ene%efn é(r%lr%?f%‘f Sttﬁlge WST

encoder in eagbvds PASithie0Rz di-ddditH AddasUits % T GondNe'Bf Qhwn in
main controller 20 sees pitching anount ex, the 15 Z position, and

t he encoder nEaGundmefitcerthds @itatenchhpaidisuarniche waphoErHd &ncdder
as a table data, and stores the table data in nenory 34 (refer to
FIG 6) as stdges gt t¢handandiase &heoraseriecthorpane @smibi AG. CPA
main controller 20 s esc%%g asurenment error as a function of Z
position z an@rﬁY%%ﬁgﬁﬁ ggﬁﬁ% ex, and obtains the function

conputing an undet %fﬂt&ﬁ%u@?gggi %%g%afce%r sEXah S J.Q'M'.at%% around the

| east - squar es net hod, or és unction”rn nmenory ge

posi tion i ndugesk s FebmCotid @thic@NshoWOLRBEI®N 108 aMeXlovedBifto a state
controller 20 drives wafer stage WST in 25 the - X-direction by a

pr edet er m nedskdwunin FIg.sf8fe dini whisysbem 12Uthdidle thenheadi agdttie
measurenment val ues of X interferoneter 126 of interferonmeter system
118, and s sHAwe idP PPE PBEC TR 2 I8aloB 1O o 2l EPTSeEBAEL fiom e

edge on the -X&l 45, Qlgr 59 1" 82/ (hende "SRG L3 Y8, 6
difference AL due to the rotation of wafer stage WST, which
changes the measurement value of the encoder. That is, a
measurement error occurs in the encoder system due to an

15 inclination (tilt) of wafer stage WST.

Next, suppose that wafer stage WST moves downward from
a state shown in FIG. 10C and moves into a state shown in FIG.
10D. 1In this case, a change in optical path difference A L
does not occur because wafer stage WST does not rotate.

20 However, because the symmetry of formula (B) 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. Incidentzally,
the measurement value of the encoder in the case of FIG. 10D

25 Dbecomes 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



whose data has al ready been acquired in the process described above)
face area AR previously described (the area circled in FIG 13) of Y
scal e 39Y1 on the upper surface of wafer table WB. i. Then,
mai n controller 20 perforns a process simlar to the ones descri bed
above on Y head 64, and stores correction information of Y encoder
70A configured by head 64 and Y scale 39Y41 in nenory 34. ] -
Hereinafter, in a simlar manner, main controller 10 20 respectively

obtains correction information,of Y encoder 70A configured by each
renmi ning Y hBSASBASHTThEAdoGhi o8 6 DRE AP Y2t APESSBVTL LY GPratEF prtude

information o C 7 i e 66 .of .h

unit 62B and l;:(hé%ggeﬁggd;?é %gog??g%%?%é\r?%t?%r %??%%ﬂgf&&eecg%gﬁ rg%cthe
configured byggaghrdétodeathss40fingeadradtiofRC A mbreeake, 38¥8ends
and correction informati on of X encoder 70D configured by each head
66 of head unft BZDpasdtXosedl ch8PE inahble si-arxds tihesct bomeEmtiie3dase
In this case, it is inportant that the same area on X scale 39Xl is
used on the aB¥eR- #estiehddarsyiness¥nhagshaen 2 dads Xsheagvéeusty

head it 62B, the, Y 39Y2 i d .on .th ‘
Above. descr | AT TEHEE oneRE Ut hr a thE T RAE™ B AR ek othPF SB3RuSLY
and the sane gggar-{¥X & 39%3 @&%9@@.&@%1@ 6dessbhbed

measur enent using each ead 66 o head unit 62D. e reason for

this is because if THea eForkecin @Re Zmbloidialerdi, g rirfae t6 vhVigh G286 bhOtb
of reflection surfaces 17a and 17b, and reflection surfaces 4la, 41b,
and 41c) of eaehreslt difeereastcenehnt | enmaf eforetkrengaiamcaii8edasy bgen
conpleted,, the attjtude of wafer stage WST can be set to a desired

at titude ‘anyt TP baSe Y TheinthsubeAtmnd diftfes¥Le 9 the direction

ST oSt o, A0 e W02 LOEA o e SACROLR F D

effect of the inclinatr9As€eEsSand} MGGUECREEYEED: LRCIREAUS water stage
WST via stage drive system 124, while monitoring the
measurement values of Y interferometer 16, X interferometer

15 126, and Z interferometers 43A and 43B of interferometer systen
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. 11A) AR of Y scale 39Y; on the
upper surface of wafer table WTB.

20 b. Then, based on the measurement values of ¥
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 8z of wafer table WTB (wafer
stage WST) both become zero while a pitching amount 8x also

25 Dbecomes a desired value ap {in this case, op = 200purad),
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



S5Further, main controller 20 perforns the measurenent described above
for Y heads 64yl and 64y2 using the sane area on Y scale 39Y2 and
39Y1, respectively, which is the sane as each Y head 64 of head units
62C and 64A descri bed above, obtains correction information of
encoder 70C configured by 10 1 head 64yl which faces Y scale 39Y2 and
correction informati on of encoder 70A congigured by Y head 64y2 which
faces Y scale 3911, and stores the information in nenory 34.

Next, in a simlar procedure as in the case descri bed above where the
pi t chi ng anmouft™R&¥- changed, main controller 15 20 sequentially

changes yaw ng anount f fer stage WAT f a nge .of . -20Qqgr ad
<Oz<+200grad and dr(f"\/ese\}/f/gfe%f’g%l%alﬁ}i%ﬁﬂ(%ge%%& ﬁ&glg\%ﬁ’ (R HE Y

2-axi s di Fect bpBudt GACh apOSIdOn Mirbhn® & Bt RJCLET ) e
a5 for exanploou B o S STega i %g?%%glgg?rélg cor)

pi t chi ng anmounf W¥eandabbe WTH [(wvafeansusdtfe WETWaNedSbAGhANREadlirEne:
and during the drive, sequentially takes in the neasurenent val ues of
the head at avpleeetdt M Aedesdapbhaber nitrnd Zahut et Hrmmatieas “AAt drd
i nternal menor Such a neasiﬁene é is performed for all heads 64 or

66, and in a ﬁ?%cé%ﬁﬁfe confredler o2 FigRs ¥8fasstbbrd ™ Er(vrErr BlRge

plotting eac ATV a I .nal y t t wo- di_lrensiongl
coor di nate s%?g}m% \Q%%LE} %oé?g%én%gaﬁlg%dsg?ﬁg%ta%sh ? f%é Eﬁ%%éﬁg& Eﬁ’aﬁhae
vertical axisramgé cat es;ddism &rcedebumount tial HeaxSequentdtabhy aki fki ng
pl ot points where the yawi ng anounts are the sane, and shifting 80
t he hori zont alndkeastes) biyhah arddwndn( ABI@oriintsakjukhhial hy thkesenhethe

whi ch indicates a zero yawi_ng anount passes through the origin, nmain
control | &9 20meaF IR h R lyeapRosrrPPaRding the e woReleftFlic 12

Then, main controller 20 .,regards. 5 W unt. 9z, Z positi.on, and
t he rreas:Jrerre%?mé?lFSolrorhtSl Sp%irﬁf"ygﬁa ﬂgf‘o Jac?lhz'lf‘sgrr&%ﬁlé@dat{‘%bl e

data, and thep. s{OLEsy tﬂ%h‘iafa% E“EQEHQEé’rr?#@é 5%%{129,%&] 9fterval while

information. O, main controller 20 sees e neas nt error as a

function of Z pesdidtihg aadehy@midig 1agBunén Szeaand Obtvak8s51&BBY, from
function 10 conputing an undeterm ned coefficient, for exanple, by
t he | east - squegasd 6dwutassd;ibedoelsr oy derihe thenttivn and stowey 3% wslues

correctiagn information.
15 1in the internal memory.

d. Next, main controller 20 changes the pitching amount
of wafer table WTB (wafer stage WST) to {6x = ap - 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 1s, for example, -200prad <8x<+200prad,

25 takes in the measurement values of head 64 within the Z drive
range described above at Aw{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



In this case, the measurenment error of each encoder in the case both
the pitching amount and the yawi ng anmount of 15 wafer stage WST are
not zero when wafer stage WST is at Z position z can safely be
considered to be a sinple sum(a linear sum of the neasurenent error
that corresponds to the pitching anount described above and the
measurenent error that corresponds to the7yawi ng anount when waf er
stage WST is at 20 Z position z. The reason for this is, as a result

f simulati Lt _h b fi d that th t, ,
R e R T e
Poauon oy eI DS YA oh SUEOREL, N BV BLeo b T e

9z, and Z postbhef ¥aDie WafeRfucsitade 1\WoIlihhRahg FIEE SRR WRATW eAENt
error Ay as shown in the next fornula (10) isS to be obtained for the

Y heads of eaphtdhimgoderyntencireothe séwoe edand steinfiriyng34heFhotheontal
function of rolling amount Oy, yaw ng anmount 9z, and Z 81 position z
of wafer stag@* VBNt vexpreakesia hwastionentort arlime txhandspntal
Lhe next orMlgs (e § gyt b aLaethifredle X Sl 0Ly eae e
(z-a) + ez (Zpbdsed UNrg tHhel BrifYn, Balf EntdZQert 2826 Ptaldld
In fornul a (1% é%ove, als a Z-coérglnate 6? a point
graph (a graph that shows a change characteristic of the
measurement values of the encoder (head) according to the Z
10 leveling of the wafer stage) like the one shown in FIG. 12.
The values of the vertical axis at each point on the graph
in FIG. 12 is none other than the measurement error of the
encoder in each Z position, in pitching amount 6x = «.
Therefore, main controller 20 sees pitching amount ©x, the
15 Z position, and the encoder measurement error at each point
on the graph in FIG. 12 as g table data, and stores the table
data in memory 34 (refer to FIG. 6) as stage position induced
error correction information. Or main controllex 20 sees the
measurement error as a function of Z position z and pitching
20 amount 8x, 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



10 where each straight line intersects on the graph in FIG 12, and b
is a Z-coordinate of a point where each straight line intersects on a
graph simlar to FIG 12 in the case when the yaw ng anount is
changed so as to acquire the correction information of the Y encoder.
Further, in formula (11) above, 15 c is a Z-coordinate of a point
where each straight line intersects on a7graph simlar to FIG 12 in
the case when the rolling ambunt is changed so as to acquire the

ti i nf t] ft X der, nd i Z- di nat f
b0l nt where cHRRPEARRES [AbTEEN, HrShereiohed it PR idRAsH dopcriped
FIG 12 in thgb&@éﬁm«?@na;&% ¥R\ ggvﬁa?%ggés&ﬂ 4+88 8%elOircled

acquire the correction 1 ormat | (0] encoder.

Incidental ly, ibegause3A of anskAX30esenithirduppey e sirawet e wigareeawie
i nfluence of the position of wafer stage WST in the direction besides

t he measuremeW@Bdirection of the Y 25 encoder or the X encoder (e. g.
the 8 x direction or the O y direction, the 8 z direction and the,
Z-axi s direction) on t RBCRedirchent v tfedddetieme & RisEes sofinhax
encoder, int e.present .s ecigi%a ion, ig mﬁé{ ?e r%f rred to as a
stage position®inguted Q?ESF} ZNEPBEE AL E hHRs §En gl p%etscilﬁsoﬁqﬁ%ﬂi?e‘?f
82 error canbounfth A5 of0f GRELLER 70M O6HEL f0fkd LYKEA 6L PY scale

information is referred to as stage position™induc error correction
information. Newt inameabtlpration process of a head position 5
“(nmeasurenent beam position) for acquiring a position coordinate of
each head (or to bd.noHerpireftry, tineanedslianemnriseanmedit centfelbimr

each heaﬂ? in @he XY %Lan , especially the position coordinate in the
directi o Pest UdeSRRE ALY 8 kO GOEEECGAOPWHR BRI 9 TaY pR R A8

| processes e g5 @lAPLOCEss, LAGONNGL! vl he.easuneneal ¥al sl

an encoder.to e ter !n O posI Tl ona orma on O
stage WBT in 4de X61angoand @otidiags RneeeaataBRNGE ax PMAakdddt vy o

encoders, will be described. In this case, as an exanple, a
cal i bration pracEssimid bhegubsKtticanl 66arhratieiriit AR and X scale 39X,
correction information of Y encoder 70C configured by each
15 X head 64 of head unit 62C and Y scale 39Y;, and correction
information of X encoder 70D configured by each X head 66 of
head unit 62D and X scale 39Xz, 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 forthis is because if the correction
25 {including the curve correction of reflection surfaces 17a
and 17b, and reflection surfaces 41ia, 41b, and 4l1c) 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 wvalues of



15 direction besides the neasurenent direction (the X-axis direction)
orthogonal to the nmeasurenent direction of the neasurenent beam
emtted fromY head 64 configuring each head unit 62A and 62C wi |l be
described. First of all, on starting this calibration processing, 20
main controller 20 drives wafer stage WST and noves Y scal es 39Y1 and
39Y2 so that Y scales 39Y1 and 39Y2 are f®cated under head units 62A
and 62C, respectively. For exanple, as shown in FIG 14, Y head 64A3,
which is the ird he fromthe left of head unit 62A, and Y head
64c5, which iﬁﬁ?ﬁél%%%ﬂ? &FS253RF W (4G Ghe AMheRFAion g5ccach
are made to f e 1 re I . t
based on the ?rggjé%'r }qrr%ht fg%%éegé%fe ?r%géarc eerr%%'?' %gééﬁ‘éMBH earﬁgagﬁgé%$ntw{
interferomet egrdbr Huddeb rerRlt YAlURS 18k14nhPiSh f&ITRbLE ScA3A
and 43B, main controller 2 83 rotates wafer stage WST only by a

pr edet er m nedbefrngeen (the herglse being 0) within the XY plane with
optical axis AX of projection optical systemPL serving as a center
as shown by an arr dWMFdreT PRER gantapbler R mer formsnEhsumeasprenent

| 5 of Y,heads 64A d_64 7 d 700 ,. .whi ch
be obtarned CiFTRG TS PEVE Foh Y PRARPC Naang ki S ARG HRF RERe dSh
cOr ESpON t God e SIRABIBGUPE Y abYES ALY A A0S J G5t Lo ol

waf er stage WST by Y heads” 64A3~and 64, “are res vel y shown.

this case, beestiser hdad &4avery hendl in2dgl €2c Mhd dua QedrdiBd=aBovd,
are valid, and a ratio MY MB of the nmagnitude of vectors MA and MB is
equal to a rathaindh corriechips infernatish vtiicentsdanc®d configered by
rotation cente& to the irradiation point (also referred to as a

det ect i ort%poi h*°8f ¢He WhtTuérces forcahe SRdadn oo BRI trsainf efeaitton
beam emi tted cgf Oe%c%cfé%aqal-\(sééal"?’fPgnudre%él%?;’ Yr}?éséjae%télly\z/ehlrﬁ/ich 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 -200urad <8z<+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

~100pum to +100um, while maintaining both the pitching amount

20 and the rolling amount of wafer stage WST at zero, and during

the drive, seguentially 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



Therefore, main controller 20 conputes distances b and a, or nore
specifically, the X-coordinate values of the irradiation points of

t he neasurenent beans emtted fromY 20 heads 64A3 and 64c5, based on
t he neasurenent val ues of encoders 70A and 70C and predet erm ned
angle O obtained fromthe neasurenent val ues of each of measurenent
beans B41 and 42 of interferoneter 16, regpectively, or, furthernore
performs a cal cul ati on based on the X-coordi nate val ues that have

b 25 d, d t th iti | shift . t (.
been 25 comuLgdand comues Lie posi Lipral ShiiLismunt (TS he
O bt SLSBEPAUILS, Ol e AE UYL BRI AL (4O ovr

respect to thendestofimosainOBontBHler 20 cafWithan ai%ré;he s@a38ar to
waf er stage WST is | ocated at the position shown in Fl 14, in

actual practithe tmadhown Sn6ZBGant2 62 Thehacmwa Xn soaltas13BX] 28nde 38262
respectively. Accordingly, on the rotation of wafer stage WST
descri bed aboVeYingi ¥MelofzyolZ grs2bisnmandidsudepsacqmepEserer at

t | f h X h 66 of head it B 62D t hat
Moot ivel y BatE noln Ml el padRed eriin At So08 BRGromp then
Then, in a nmagpeLesitAd abthoid faﬁ@%ﬁhﬁg %Brégg,\fﬁonf]a{fbﬁﬁ%%ﬂl.' fér,

20 conputes the Y-coordinate values o e irradiation point 10 o

t he neasur enenhinessrs ®lildred0f 683 XHicaw aB0renefpesttdelas aWihgdion
each face X scale 39X1 and 39X2, or, furthernore perfornms a

cal cul ati on bafddroalthen coapdtvarilog amsunt 8§z, saartl cbhpiheshehfunction
positional shift anpunt (nore spegificall correction information of

the posi thitnaf =Rt NG fsLMAesecphaer ?%I%/%jt?jo‘??t% £95i {EraBPLleneby the
b ] f h i X ds .i he Y- axi
measur enent ﬁgg%%—gﬁl.ie{:teegs trr[c}e(%@g%i ealr‘lgsggg%ééle:he %%csclloﬁeép?mﬁnésﬁ,'f 534

direction wt esi gn position:

control |l er 20;g0y&sravaf @n S3gemWBIohn the X-axis direction at a
predeterm ned pitch, and by perform ng 20 a processing in the

procedure simlar tim théspeaosedihe dessutdmshtakavrerabt esoth encoder in
positioning position, main controller 20 can obtain the X-coordinate

val ues of thethe rerRatidh sbenpisrhing el anshithedryisgi enednt raf
Lhe headly oL 45 POoLdd gl 2l L, omount o Speci il eelio g o -
oo 5 o VRSB e LI SR APl e
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 Zpositionz. The reason forthisis, 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 yawing is changed.
Hereinafter, to simplify the description, a function of
25 pitching amount 6x , yawing amount B8z, 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 Oy, yawing amocunt 8z, and 2



Further by noving in the Y-axis direction at a predeterm ned pitch
fromthe position showmn in FIG 14 and 85 performng a-processing in
the procedure simlar to the procedure descri bed above at each
positioning position, main controller 20 can obtain the Y-coordinate
val ues of the irradiation point of the neasurenment beans emtted from
the 5 heads or the positional shift anmoust (nore specifically,
correction information of the positional shift anmount) in the Y-axis
direction with reﬁgect to_the des%gn pasition, also for the remaining

X heads of heBASUhi?R} B HRFE2BL2R6r PACIthAT SKORETES & RPRERT BT
head 64 d i . j | i ,
ea escrépfgr a&?%%t ﬁﬁgwﬂairptﬂ%nhéglz Pgﬁ&gﬁaﬁﬁgh res §d%e obtained

X-coordi nate values o e Irradiation poin neasur enen

emtted from ebe freadshesds r pashtt eirlodsh fAn@MRUBE 4¥8F& in memory
specifically, correction information of the positional shift anount)

in the X-axis3édirection with respect to the design position, also 15
for Y heads 64yl and y2. In the manner descri bed above, main
control | er> 20 can acquire the X-coordinate val ues of the irradiation

poi nt of the neasurgnment. beam.em tted fromthe heads or. the
positional shift aﬁﬁhﬁtf(ﬁﬁfeegpeéFfFEa§¥y,z rre®fi &R PifornaticﬁﬁQﬁ

20 the positional i f_t un i g, the 26 axjsadiyrecti,gnwth respect
to the design posi??%n Fﬁ?QéIP%Y ﬁéaggs%ﬁ, 6%91# g%d(24921'éha'ihgﬁ)
Y-coordi nate values of the irradiation point of the neasurenent beam
emtted fromthe heads or the positional shift amunt (nore

speci fically, corrdat ifonmuptol bt iadowsf, 25ishe posiandimalteshiff & point

anount) i% the Y-axis, direction with, ,
1 where each straight line intersects on the graph in FIG. 12,

and b is a Z-coordinate of a point where each straight line
intersects on a graph similar to FIG. 12 in the case when the
yawing amount is changed so as to acquire the correction
information of the ¥ encoder. Further, in formula (11) above,
15 ¢ is a Z-coordinate of a point where each straight line
intersects on a graph similar to FIG. 12 in the case when the
rolling amount is changed so as to acquire the correction
information of the X encoder, and d 1s 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 8
y direction, the © 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



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 nmeasurenent
beam of each head or the positional shift amount in the X-axis
direction or the Y-axis direction with r8&pect to the design position
of each head stored in nenory 34, wll be used such as when
converting th renent .val ues of .an_encoder_into sitional, .

i nf ormation vvlgf%?n ‘?%g%ngs gn%é TR O8 APECTET LYy HhSwFPFTBEtion
descri bed | at ef£8fnat NGk deNtRldefrelin thNgs C88L8S Yk 133 NS RaGRANCE L L NY
t he nmeasurenent values of an encoder into positional information

wi thin the XYcptasetddn viffyrmettdge.WST or the |ike 10 described | ater
on, design values are used for the Y-coordinate val ues of the

i rradi ation point dfexthe aneadabaashonbpupsess excle Yichdadosahdorhe

X-coordinate values of the irradiation point of the neasurenent beam
of each X‘hea .ealﬂ‘?’éeri'%ntbgtezfﬂbéw?ilﬁ&@nf hECF AFUEICES RaPOPRELIPBsI ti on

coor di nates ofogagihiieads Ladindde (IEAALETBIL SlLaq, o igs. 00-Lhehe

control accuracy of the position of Wafer stag X

weak, (the efheshiotBrasy FoohEadiPhichal B¢HHARY bBariX! lBpRLYashoWhe
it is sufficient enough to use the design values. Now, in the case

the optical apédsitfon keolrdadatefirnt hae2d ssraoider beabdéantheainbysurement
coincides with the Z-axis, and the pitching amount, rolling anpunt,
and yawi ng an®tFRCHiOTa et cdt REONET arerei}se dip proseissers supli atisa

f f I 10 d (11 , t f th d
descri bed b RATTHE U8 PREVEEY oI BR AT ERE (NS ORee A aGET €0 be
supposed 25 t@ Q¢Cileq NQURMEE ntEY BF!ligiéH&f iR (A FEAZHE LB ge

errors of the encoder are not actua Zero. IS 1S because t

surface of Y wemlies t3RYXyapladdehd and iXkagal gsockbel aadtg39) f Pufd hery
surface of the second water repellent plate 28b) is not an ideal
pl ane, and i so&emepkar suneivleh beWesctikedur fTacthicf 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 339Y; 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 64,3, which is the third head from the left
of head unit 62A, and Y head 64c5, which is the second head
25 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 2 interfercmeters 43A and 43B, main controller 20



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 no9@s al ong a surface parall el
to the XY plane. This consequently neans none other that a relative
noti on occurs._j ir i on besides the neasure t di.rection
between t he hgggagﬁg Y%é?%i#ﬁﬂ%ﬁ gg%aﬁaTﬁsttatﬁﬁég% ﬁiﬁﬁﬁegeéﬂgle (the
descri bed, sughgfe6éatd W® NRLHIA Qﬁ@%ﬁ?i% r?@%?ﬁ.ecrpfoﬁtll%aﬂeé§ﬁgeﬂr6f

error. Further, as shown in Fl for exanple, in the case
of measuring prpfecaléd opafi cavasys es®BL pektiig RE andefleOradt BRoGA®Y
scale 39X using a plurality of heads 66A and 66B, 15 when the tilt of
the optical afkisa®¥oq Y phuFaGi t14 ofandeadqubsas dite 668 sugeneht evalies

and there s alLsg .an unevenness (including inclination) to the
surface ofg scd eHLQ CfJSa Ips aB%vf’_ éﬂis ?‘F]?‘E)‘?ﬁl%@& 182p504 sH whighcran e

L el ey ) U RS,

differ for i fTdrence.

Accordingly, &t dedridsgsrove sHEhndh sl esmane Ja deiemkbRbhYeAChuridg
will be necessary to obtain the unevenness of the surface of scale

39X. The unevemmesstadfidnhe fswa farx estefges alteb B X heaysbé4 yeasdr €ds, fare
exanpl e, using a neasurenent device besides the encoder 25 such as
the Z sensor PPERACUSTSLYSSOMObed, however, in such a case, because

t he measuyr.enent accur of the .unevenness is set accaqrding.to the
neasurenéﬁt resoluﬁ#b%%éf CRES e AR tlﬁe@i%%fyi?W%pH€P%}8'n%%§ﬁﬁé
t he unevennessgWw igh p I.si.gn, sa possipbilit 0, r. of havi
to use a 88 s?a\r,%:{srlté:{r]Mtgha'lt31 hggacﬂaeshlgghgf %}cha;iés)%tlblno lﬁ'ﬁzﬁﬁc’%f‘g c%%?ﬁ/ucpeg
than the sensef veecessamy drel MBIl fd bhubher ®&i gavad PW, pPsEcidS sAaZatio

sensor. Therefore, in the enbodi nent, a nmethod of neasuring the
of the distance from the rotation center 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
64p3 and 64¢s, respectively.
Therefore, main controller 20 computes distances b and
a, or more specifically, the X-coordinate values of the
irradiation points of the measurement beams emitted from Y
20 heads 6433 and 64¢s, based on the measurement values of encoders
70A and 70C and predetermined angle 2 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.



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 | eveling of wafer stage WST
previ ously described, only one point cangbe found in the Z-axis
direction for each encoder head where the head has no sensibility to
the tilt operation of fer .stage WBT, or. nore specifically, a

si ngul ar poi nt wherlgu’f rrreégu%g‘?r&’ﬂsee?’?g?ro?tﬂ%Wéﬁ‘cbﬁe]roct?&?&@*é the
zero 15 regar : angl fopnclj | fer

t he XY pl ane. BF?&?]}“&E Stpﬁcgaﬁlr?t Egaﬁcﬁ'el? bﬁlﬁ{dg%}%h%\P%]agé@mﬁ%érﬁ%%ggg%Té?B
simlarly as wherssaceudd kngd1Re §§}§9ﬁ1d39§k£| P8shBGHLEM £ I Bk cordingly,
correction information previously described, the point (a Z position
can be positionethe heotsatmignrl arf peifetr wibabe 20ST edpermtiHed tbevepcndin
head. If such an operation to find the singular point is perfornmed on
a plurality of°neaelienes: s urkianesnsiyeagaal kes the Repgirement values

Ther ef or e nii RO 1 TE00 59 PF e DERATP G doe. B40\are: TFget ey
via stage driygcsyslean134sonbha 90 (05LAGLIG JPASNASBN! ALHESi,

of Yinterferometer 16, X interferoneter and Z i nterferonetefs

43A and 43B o hatesf eF MiREET toY $hemiddSripttb SR maAnFE&ntdbller
makes an arbitrary Y head of head unit 62A, such as for example, Y

head 89 64A20 gpmEuGes]the faowarddneicei nilyeoioft hiee dmtasidation mdint
scal e 39Y1 on the +Y side. Then, main controller 20 changes the

pi t chi ng Broudt EOE BeF VIR Beamt PR) Ftef ikomek hegdRb mbssaectheely.
ching = . ) .
position In %th&?%%ck"Pa etﬁgsecsalr%z;aé% g{ég‘f{%g%? ok r IR e %%Igﬁ%%{‘s

a state where the attitude of Wafer at "t

i's maintai neds ff1 @M@RY obNORNSE B Re CUMT Rt bn2Pe SCANS, GRRVESIputes
waf er stage WST in the Z-axis direction in a predeterm ned stroke

range whil e ithadietimgrmldehecti anotnghimeare apeiifical 1Y, scatee 30
subject to information of the positional shift amount) of the irradiation
15 point of the measurement beams emitted from the respective
X heads in the Y-axis 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-coordinate 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 622 and 62C.

Further by moving in the Y-axis direction at a

predetermined pitch from the position shown in FIG. 14 and



10 neasurenent fromY head 64A2, and sanples the neasurenent results
of Y head 64A2 (encoder 70A) that faces Y scale 39Y1 during the scan
(novenent). Incidentally, the sanpling above is perfornmed while
mai nt ai ni ng the yawi ng anount (and rolling anount) of wafer stage WST
at zero. 15Then, by perform ng a predeterm ned conputation based on
the sanpling results, main controller 2086btains an error
characteristics curve (refer to FIG 12) at the point described above
subj ect to the asurement of encoder, 7gﬁFcorres onding to the Z

y

posi tion of wBFEFOETHGR ST I U dPalFPEyPEPCHH LR (S <, tanfhSet s
the intersect FQSCQQ&P s 18 el %&}éhta)é Qécﬁrﬂo%ritggﬁ%ﬁlﬁt S FHES main
or ep where 't he Ent

curves, nore Sspeci |caIIy, sets t ol nt asur e

error of encodentfOALEPONE DAL YRS iACtael eJab8l 855 1 @cangketat
inclination of wafer stage WST with respect to the XY plane as the

si ngul ar poi ntrggdastide preasupéneid mEntrerend bbims Nsuik feak iftrbaneghe
information z1 (refer to FIG,K 17A) of the singular point. (b)
Next, mai P coRBreF|IeF B ReSidingdr sbiafeatmt n(ndye spegifdeelbn: by
a predeterm ned_ampunt via stage drive system,124 ile maintainin
the i tohi ng SHBLREC A PEPETAGEo8G e ERE HRESar har et BBOVES) 4D Che
zero, while mpnagoslagddia JiPasiheiRaberal el dbdikeLbel eiBheTalds
X interferoneter 126, and Z interferoneters 43A an 3B 0

i nterferonetefosyshenddfinily X fleafgsnpyehread s tperd2w med dbpa speed
sl ow enough 5 so that neasurenment errors caused by air fluctuation of
the interferoneterFudheye igyaoretdiod similax tp YThead 6dtdesqudiad amove,

after the step povenent, .as i% ga) above, main controller 20 obtains
a 7 positi%n ain contrcller 2 cquires the X-coordinate values c¢f the

irradiation point of the measurement beam emitted from the

heads or the positional shift amount (more specifically,

correction information of the positional shift amount) in the

X-~axis direction with respect to the design position, also
15 for Y heads 64y; and ya;.

In the manner described above, main controller 20 can
acquire the X-coordinate values of the irradiation point of
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 values of the



information zp (in this case, p =2) of the singular point of 10
encoder 70A above at the position. After this operation, by
repeating the operations simlar to the ones described in (b) and (c)
above, main controller 20 obtains a Z positional information zp (p

=2,3, i, n) ina plurality of (e. g. 15 n-1) neasurenent points
set at a predetermned interval in the Ygaxis direction on scale
39Y1. FIG 17B shows a z positional information zi of the

si ngul ar point _at .the,ithnmeasur nt point that was optaiped in the
manner descri BEACALBVESN FRI T o CPATSRTESTET: BEST G oRar idpad of the
I nformation z [ LNt e - | QL. s
(d) hen, bastd ok Taberir i ARie inne 32a5p0 SHIVRAE Y Plais
si ngul ar poi ngiebted eedyiaf mgﬁ&f tbhenp! g&ad &l YocHf 1 tTRAS WHEBBBA head
poi nts above, main controller 20 25 obtains the unevenness of the
surface of scater89Vhn mémoshowh wWialElIXE: ukéDb, sudh erewkad afnv@rting the
doubl e-si ded arrow showi ng Z position zp of the singular point in
each measut enBRARSPHEFTRN BV 248808 G eNEOdRI NS RO Hel e lnilpRogmation

preceter 1 ned LELSH SRS L3y, SHEY S ACP Lk, ot 2008l
(unevemmess) plydealt SoRatscal A pelv i a0k old ShefDcslvaltng
fitting (a | etlsé BeRB G GotilmRisi 6) afNehESdPOi IHtApdsieional
information within the XY plane of wafer stage WST or the like
10 described later on, design values are used for the Y~-coordinate
values of the irradiation point of the measurement beam of
each Y head, and the X-coordinate values of the irradiation
point of the measurement beam of each X head. This is because
since the influence that the position coordinates of each head
15 in the measurement direction has on the control accuracy of
the 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 39X,

(the surface of the second water repellent plate 28b) is not

an ideal plane, and is somewhat uneven. When the surface of



5 other end of each doubl e-sided arrow, and stores the function in
menory 34. Incidentally, y is aY-coordi nateofwaferstage WST neasured
wth Yinterferoneter 16. (e) In a simlar manner descri bed above,
mai n controller 20 obtains function z = f2(Y) that expresses the 10
unevenness of Y scale 39Y2, function z = gl(x) that expresses the
unevenness of X scale 39X1, and, functiof7z = g2(x) that expresses

t he unevenness of X scal e 39X2, respectively, and stores themin

menory 34. |ngj tall i s_an X-coardi.nate.of fer stage WST
Teasur ed i t heRE EREarr e rare e IR i R et ot e i erge,
obt ai ni ng t heagy Bic R AFLSld Shir¢aceUb¥es (E&f&E J1adEl Gy \%ﬁ)" case the
descri bed above at each neasurenent point on each scal e, en an

error charactetfstacisiangyet i9se JRRIGHEEIN t I8¢ Eokealglays ) berconesen,
zero regardl ess of the change of Z is obtained, the pitching 20

anmount (or roFh¢ gramounrfact whikbrbsiddigelusgdaintiite Foiat swiénethion
error characteristics Qur¥§ was oht ai ned ,corresponds to an inclined

quantity t HECER IS r aPT (PR AL GRENEAED poRTReCTACCOEBP MyF3AS
( o Hod N [T o
in the method, aboye %Aa%o%rf%ygﬂplﬂnafag%égé &ho%}hg}ahf%?i-gg%:gggsﬁ'éﬁamﬁcloens

poi nt can al so be ob _ inaddrtion to the'l t-rnfor
of the scal e sUARGEsuFhhEe PANANTERL EHhd WSl bhLi ng:hwfst Boﬂ.gg&@éntly

preci sion when the curve fitting described above is perforned.

Now, the scalmreais tnbaceotivetethlagck relrtieehant oot okengstir | direction
stability, such as in the diffraction grating 92 deforning due to

t hermal expankediey drhareapaEebest bgireretias hnjaesh tbe head, and thee

oL OF e S T14 250D eLL0,c a0 T Ll Lo of Sl el
larger Wth porion becomes a cause of the measurement error.
Further, as shown in FIG. 15, for example, in the case
of measuring a plurality of measurement points P; and P; on
the 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, # A¥z shown in FIG. 15, the influence that
the unevenness has on the measurement values will differ forxr

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



5 the passage of use tine, it becones 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 perforned in exposure
apparatus 100 of the enmbodinent will be described, based on 10FIG 18
In FIG 18, nmeasurenent beans B4l and 5428are arranged symetric to
straight line LV previously described, and the substanti al
measurenent axis of Y interferoneter 16 coincides, with strai line
Ve “Wht o pacstas The it e o UEESF BEPESYETRiSTHt g BOEEnCBAFFE oo
system PL andcis faald eledeQshle ¥ a%iSe iy @bl 801 o They &fiy 7
according to Y i nterferor?ete? 12, ?he Ylposi tion J(') l]\t‘]/\%g;r tpabsleea\s/\ﬁ'%
can be measuregnyet hout Abbe error. Simlarly, nmeasurenent beans B51
and B52 are arranged synmmetric to straight line LH previously

descri bed, and the I®Eraflpseantt dhenensediomsiit, axierhofd X measuring the
interferoneter 126 coincides with straight line LH which passes
through the opR¢Yerness fofhe Sordecrodt Gperadd Siddehhplengrgerssysten
parallel tot -axis. direction. Therefore, cording tao.X

i nterferonet e&i%étsheeﬂ%%o%g't i g%lgcsw% é(rg g%f’cér%q%na_ f_l%’_ez%etmd'
measured w thout Abhes@byfAlin the gribhSlarPbrabl, crikRGHH Sl cyrve)
operation of correction information of the deformation of the grid

line (warp ofof er@ril® | iwkEchokhbhe X shahge @ukaofrdetiencf the
information of the grating pitch of the Y scale will be described. In
this case, JBeamzsnlt veleae afetleeignaoder fhdddceponespendiced tothes
to be an i de pl ane.. Further, prior to this acquisition operation, a
oasur et of LTS LG SRSt RFBRRaYS BP oV DAL AT SO0 R e Ehy One
scal e descri : [ r d Ch i .« 5 =f a( h
expresses t hg?ﬂlnrgé\i%\rﬁlegg ggﬁﬁgsﬁﬁc&%ngg?u‘?\%??%ﬁl% jo?z%éfﬁt%?wer

expresses t heneHev@rRARSEhehbd tialsensd Béhs fiNGiyoto Zr e §11%) op&Bdtion
expresses the unevenness of X scale 39X1, and function z=g2(x) that

expresses t heolunafenmedsigef WiTs cak em@8X2speric itaaliy, skosedgiha mepmimnt
34. 10First of all, main controller 20 reads function z=fi(y),
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 peoint is performed on a plurality of measurement
points on the scale, the shape {unevenness) of the surface
of the scale can be obtalned.
(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 43A and 43B of

interferometer system 118, and as shown in FIG. 16, makes an

arbitrary Y head of head unit 62A, such as for example, Y head



function z = f2(y), function z = g1(x) and function z = g2(x) stored
in menory 34 into the internal nenory. Next, at a speed | ow
enough so that the short-termvariation of the neasurenent val ues of
Y interferometer 16 15 can be ignored and also in a state where the
measur enent value of X interferoneter 126 is fixed to a predeterm ned
value, main controller 20 noves wafer stage WST based on the

measur enent values of Y interferoneter 16, and Z interferoneters 43A

d 43B, f | j t t 20, di t f th
V-direeti on Sht ThETOL i FBEETOIS TREARHEY R EHY BB R0 GOLRE ¥ arepe
nentioned ear kbl &s d H&d%anEdfﬁy %%] .coﬁegoflerlfb(#é%ﬂggg thg

a state where the pitching anount, i ng anount

anount are al bigshih@i aeshiat @eerro@utwﬂ &R 1St NOY)E BN by PR ls.eage ws'r
correcting 25 the measurenent values (the output) of Y linear

encoders 70A ahdtio@esitiprn Ha fundehoh twe $t{ggs armd Fsumoieivdouzly
f2(y) described above, respectively, main controller 20 takes in the

measur emen vﬂ?ﬁ%%l%?‘ilera éncr Fierte dthestd thReahehiside mdnvafar uetage
(or to be nnrﬁ§9$_ ﬁ measyrenent val ues neasuregﬁat beans.,

B41 and B42) O RS LN 38 5B raated S B bR ARG Tain
interval, and-Hasesh no earh NBRASYLSYER] YRFLE éﬁEHe'WE% Q%?@hEaEBQXiQ

obtains a relation between the nmeasurenent val ues of Y |inear
encoders 70A ahte&t/60 ifout prikdote anicrdest70Re- rdfge RBAIEr PBAdiating
val ues corresponding to function fl(y), output of encoder 700- the
neasurenent val dekeeokqresiiahdi ng @opﬂuntt¢fn¥fsqq®® 3Yd sheject to
More specifically, in the

nmeasur e val ues of Y interfe t :

manner d crlTﬁﬁFQﬂﬁﬂﬁP e thFgg g@ﬂfZé“Sb?%Tﬂ e%.ﬁﬁ?gﬂ%ﬂﬁuﬁﬁmﬁchh
t he di st t 3

(e distance,beneead) acant ol dhings) ohY 86g) #5904 2099937
the movenent @frwaf ehe%@gﬁ(ﬂ{@eﬁé}&)coriﬁ@la@ﬂtéﬁprﬁﬁél% flntgh?oove

grating pltch As the correction information of the gratlng pitch,
for exanpl e, imperformed while maintaining the yawing amount (and :r:oll:.ng
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 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 more specifically, sets
the point where the measurement error of encoder 70A above
becomes zero 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 singqular 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



15 the case a horizontal axis shows the neasurenent val ues of the
interferoneter and a vertical axis shows the neasurenent val ues (the
measur enent val ues 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 two using a curve can be obtai ned.
Because the neasurenent values of Y inteBferoneter 16 in this case
are obtai ned when wafer stage WS5T was scanned at an extrenely | ow

d i d i.bed, [ | har dl
Thohude any s HBPHREefh vART S e Rl ahadat o A111d MR AtioH, the 25
wel | as | ong- pekghv¥ahbdt RN W&’ BES fH%Eff%ﬁ%?@ﬁQ? f@!q(HR%Erkgfggeter

measur enment val ues are accurate values I n ch the errors can

i gnored. Furthes, athdrid ngtéhee mmvener 484 anafess 6t ageYEIrdestdd Bﬁﬁltem
above, by statistically processing the neasurenent 95 values (the

measur enent val8es Wi sXskepewrvamudddsspFoRametl 20Dp sihred sddwi enongh
pIuraIityin X heads 66 of head units 62B and 62D, pl aced sequentially

opposi ng” X sciP "B RLAFIFCTERS GF FATT HRUFSFeRENE LT stidFtaetipgy of the
exanpl e, aver agi nge( émé&é?gﬂﬁﬁplﬂgi Eg &gd averagi ng), nain
SO 0

controll er ZQ al ains correctionn ormati on of the defornation
(warp) of grid |ineg)37Tehehsaayestd add lséffcegetﬂéﬂ%tfeb%@&érﬁéhtqf a¥ in

heads 66. This is because in the case reflection surface 17b is an

i deal pl ane, t{hep saoweeblmain mpnpabiéen Soosibithappearz Mosiepeanddl y in
the process when wafer stage WST is sent in the +Y-direction or the -
Y direction, iREPERMFEON iz Hletddisngase. the)i RE Fhe peirforlegdrehnt het

reasur el 9gh8 88U G N LBl el of X heads 66 L
glel; or lrr:at iyogf (\)A(/a[] 2; é;Ge?:5 t@isdobbPES1 3, WV ol eauenyt kak! ¥plagce; Lhe
similar to the ones described in (b) and (c¢) above, main
controller 20 obtains a Z positional information z; (p
=2,3 ... s Ky veenen 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 zx of the singular point at the k™ measurement
point.

{(d) Then, based on Z positional information zi,

29, e ene zn of 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 zp of the singular point in each measurement point

on scale 39Y; is made to coincide with a predetermined reference

line, the curve which links the other end of each double-sided



Incidentally, in a normal case where reflection surface 17b is not an
i deal plane, by neasuring the unevenness (warp) of the reflection
surface and obtaining the correction data 20 of the warp in advance
and perform ng novenent 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 Pixing the neasurenent val ue
of X interferoneter 126 to the predeterm ned val ue on t he novenent 25

of wafer stagg VBT e t¥edl Lochlon of. Lot dligellon descrl bed

above, wafer s age ¢an be 1A 0 NOVe "préecrse y |n

direction. Insbhis BRBAEHinGNG, SAME, CUHteelLaR taf@wﬁﬂsorfu% tiBg 2 =
grating pitch of the Y scale and the sanme correction information of

t he defor mati Gn(¥mentpit efxpgrisdeki nRSs HeBhmoars by ehidormdngscitvd he
description above, Incidentally, the measurenent data acquired with
the pluralityfdttinaebdls! &6 Wenmatsearabovinasicenplan dihiet podhtdatatiae

different locatjon references of refle on surface 17b, and because
X heads 6§ ﬁ}éé%ﬁreé‘ 8f & FSHbE'@va?b‘§ PLERY- SEPERS| Ghfe Typction

there is a Coh#l%e%{oaﬂ §ht aglo 1kn EQ g‘?gglg%r{reéééf’cﬁ‘:fﬂaefé dyal, ueg?g%e

reflection surface béi i ng average proachrng 1 rue va

other words, RYTaMesSeHeW witeh EasteerBRbndasa {garp information of
grid line 37) acquired by the plurality of X 10 heads, the effect of

the warp residual ctn bé&nweakémetldr hyariner alescadbrd abotvae rhd ke
descri bed above. Next, acquisition operatlons of correction

i nfoor mati on oFORUEFOLHRE i%h brtaine GRRETiOhes X Wakp dthathexgrrasesnety

he' X scdtE PR BLATE KA (RS el PLglil i o
description, {gfleadJhesd bacg ddand Sk, bean fu%%%&oﬂl ane £ & E)tf'l'le'f*t

case, a pI’OCGSSI ng as in the case of the COI’I’eCtI on escri ove,
but with the éxpxéssel rent vapvantetbeotl-:a6ica1di BORS, esipdicernehangeshd

shoul d be perforned. 20More specifically, at a speed | ow enough so
t hat the 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 % 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 alsoc be obtained,

25 1in 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



short-termvariation of the neasurenent values of X interferoneter
126 can be ignored and also in a state where the neasurenent val ue of
Y interferoneter 16 is fixed to a predeterm ned val ue, main
controller 20 noves wafer stage WST 25 based on the neasurenent
values of X interferoneter 126, Y interferoneter 16, and Z
interferometers 43A and 43B, for exanpleP2in at |east one direction
of the +X-direction and the - X-direction wthin the effective stroke

range mentlonadeBRahl A6 aug LA ka1 aghen LI, R UG SIBURL, BOChe

rolling 97 anount e yaw ng armu are mal nt ai ne ero.

During this npyesegé,omisker omg ) @at ARG ;Bi&meesah@r&rﬁfr\é@tq% gia%&ng
| i near encoders 70B and of 70D using the function z gl(x)

function z = gRényinespaithed laboreentespiet i \Zéiey-efsreal hecamms;es OtHeer
20 takes in the measur enent val ues after the correction and the
nmeasur ement v&FERES ¥ Udfk e thfeBRSUDGIRT &S IEPH ﬂ\ééger with
sanmpl i ng |5nte and based_ on .each, peasurenent val ue that ha Q an
< the

|
Caken i n. bt B APAE TP GRS DatIEent | S VR, PERERT ALY a5
| i near encodeé§r89§ aﬂ@ré@nzggeéOQﬁP?E%QISPQQBP?§eZQE&onQH?C rrectl

measur enent val ues corresponding to ction gl out put of enco

70D - the neasmxf@fmmttmmbﬂemecg)ﬁ@sgoﬁﬂtﬂgoE&HdJ@@éi@ang?dﬂq\.braé@tick}e
nmeasur enent values of X interferoneter 126. Mre specifically, in the

manner descr i befombveon pdi the gretdhbede Ad O iont pensornept dni egp@swch
(the di stance between adjacent grid |lines) of X scales 39Xl and 39X2
whi ch are seq%%?ﬁ“f%ﬁ‘ﬁ/ 1% aeédt}b‘fz’)pﬁf@%%“ﬁé‘édwamt%e eEsCHifed2DPared on
the noveng ]{f stage WST and the correction information of the
grating pltch e correction information of the grating pitch,

for exanple, 20 Inﬁrhexeasleaantgargu&%bﬁk BXhfs %@w@na@qzn‘gﬁé%%
values of the interferoneter and a vertical axis shows th

measur enent vsgruest {icheonsasai gheritinsallifesrehbses By rdysszrdbedf, oafidleche
unevenness of the scale surface has been corrected) of the encoder, a
map whi ch sho%%b%wtrléllameww%eﬁxmeft?ﬂ\enﬁerﬁgr%eeewra/eommd@

obt ai ned. Beca S lues of X interferqQnmeter 126 in
this case are J0 ﬁ'@&n&/ﬁ n?"’ r Eﬁéﬁle H@Fe\ﬁagﬂgﬁ‘é%é:dl%f’pﬁﬁcal axis

el ou et e e A1, LR EOY .
fluctuation, @sré®lion. Therefore, according to Y interferometer 16, the
Y position of wafer table WTB can be measured without BAbbe
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 of the

grating pitch of the Y scale will be described. In this case,



98 as long-termvariation errors, and it can be said that the

measur enent val ues are accurate values in which the errors can be

i gnored. Further, during the novenent of wafer stage WST 5 descri bed
above, by statistically processing the neasurenent val ues (the

measur enent val ues of Y linear encoders 70A and 70C) obtained froma
plurality of Y heads 64 of head units 62#83and 62C pl aced sequentially
opposi ng Y scal es 39Y1 and 39Y2 previously described with the

ey meimay S oo Sy K AP R AP B o L R B B 56
the def ormati gn jGwak )1 fe .0 kdrih e,ig)?@ow%io issegegmélgﬁah L?&?aﬁf&n,

plurality of Y heads 64. This is use in the case r ectTon

surface 17a is meeduiealery afe thehansasBndsyr i fgmdatibar 6£sbRYl surface
appear 15 repeatedly in the process when wafer stage WST is sent in

t he +X-directddrearh tamle Xedicrébedoabovder efparforimedavendgfugcoion he
like is pg}rforme?yon t he nmeasurenent data acquired with the plurality

of Y head® 647 Y bdbareS*RIREIGN BN onsveanesr P obissiad ecd FiecEwRfi1on

information of t def t] ).,of 20 arid Lines, 38 i
sequentially %a"égﬁt(ﬁz gﬁgr%a{ﬂg&%é%?é@ heeadm@l%nness ogl%c?%ae\,\{n]et ;‘ﬁyﬁ‘,’ in
a normal caseryher&d &f Legl | on (tf 3%Brigel Sty R ndedk BEaResc e
measuri ng the unevenness (warp) of the reflection surface and

obt ai ni ng t he3gXr,r aetli fundaten 25-@f(x) hehsvargxpresadsanhe andvenness of
perform ng novenent of wafer stage WST in the +X-direction or the

- X-di rect i on w3l cii¥eol ﬁrﬁth?@ 6 o ilenmemonmf 24 - st age WST,

of Y i e &P or onet oF L8t b BROAGREHAA S HEAUh EAREE FEhreht (V)
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

15 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

20 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

25 the measurement values (the output) of Y linear encoders 702
and 70C using the function z = f;(y) and function z = £;(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



99 of wafer stage WST in the +X-direction or the -X-direction

descri bed above, wafer stage WST can be nmade to nove precisely in the
X-axis direction. In this manner, the same correction information of
the grating pitch of the X scale and the 5 correction information of
the deformation (warp) of grid lines 38 can be obtained as in the
description above. As is describeB4above, main controller 20
obtains correction information on grating pitch of the Y scales and
correction infar i i,0Nn p rid lines 7y -Q
correction i n%grﬁn%%%lgpnerg%ggﬁ%q{r%bﬁtacrga,vgétlz% h§£>egslcng-1eefsf%g:r?3%%e% 16°4¥!
correction i nhopABEd ORI &efQiAtingn 16vaEPA1 Ofak ivhddd1es 38cat each
predeterm ned timng, for exanple, with respect to each lot, or the
i ke. And, dumeaguperneessialgeothitichdsobean tdieerl iike, odinsla relation
controller 20 perforns novenent control of wafer stage WST in the
Y-axi s directPoEveersiHip nescarenesyyiakirs 3FY2 hhdeteahapders 80A and

62C, or e cifically,_using Y Linear encoders 70A and_70C, while
correctiﬂggthzgﬁﬁg%%ﬁQﬁﬁn1f\ﬁ59? rbhp i net? (BRI 81854 and

62C (more spegiiifghdyg:dd@o2uEASMY E‘fg??g h"c?dgtlrbgfc gl 8&{5@%&% 7 C?EOA and

70C), based on correction information e ing p

correction i nhossetdenoivalie sdeborambomim (yaiPFruakbt 96hde (1§ 88d the
referred to above and stage position i nduced error correction

i nformati on coezsspomihyaloe? gfoSiinitenferopetehildy afmmbspesi Okea g
yawi ng anount Oz of wafer stage WST neasured by interferoneter system

118. By this Hpemf MeAner dgeesHRed Fhasen| BafBr ComREFO S K8l PBEDDS td
per form nilbvemant contr,

| f f T ) , )
P ot hov- maedi TRt b S ehod AEE o e TR bl teon, 2ehiagent a5de: L1960 Sf
70C, without Pejngaf5eel ady 360, whgcﬁe&ﬂrﬁg%@ha. Hé‘i‘&ﬂ%’ i

To1e a06 35 b
pitch of the Y scale and the warp of each grating ( 53 t hat ﬁ%ies J

up the Y scallesadinthiadlss@20i thaug2detitgh ahtenbeemdyt tde wafanrget afe WST
position of wafer stage WST in a direction besides the measurenent
and correction infeormaticon of the grating pitch. 2As 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 values 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 two using a curve can be obtained. Because the measurement
values of Y interferometer 16 in this case are ocbtained 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



5 direction (relative notion between the head and the scale in a
direction besides the neasurenent direction). And, during
processing of the ot or the like, main controller 20 perforns
novenent control of wafer stage WST in the X-axis direction, using X
scal es 39X1 and 39X2 and head 10 units 62B and 62D, or nore
specifically, using X linear encoders 70Bsand 70D, while correcting
t he measurenent val ues obtained fromhead units 62B and 62D (nore

ifi [y, t t | .70B d 70D), d
oh cor r et | onvPARBE mEC oG ERR=HE ATt B LHGSTH e 788 <nd
i nformation ofgphe,gef pramts %\A@&B}a@fitgrbﬁ ilﬁ@adrg deeher he9qt Qnits

above and st age position I nauce rror correction i ormat1 on

correspondi Ng62P aAdeSD il ed, sé@ldritiG 1aRiloNhg RtV 38K, 3R B0X,
Oz of wafer stage WBT neasured by interferoneter system 118. By this

operation, itwbebobee ROveearsi,blsmchorswafar cexampld erav@iagdangerbor m
nmovenent control of wafer stage WST in the X-axis direction wth good
preci si on Usi RGFICTPHRAVEITEE $vPoRIARE) 70mR 17y I TC13ErNg0api 88t ed
by tenporal c e of the gratin itch, of t X scale and the _warp
of each grati ﬁ%%?%eﬁ“ﬁ%ﬁ% lﬁgkégﬁgrl{l?l%l% s"cg;fggfa i%gori%a%éo%?%amgu?f
bei ng af f ect eg- Dy 14h@ SCHARBE Al s AR 1A 19f £ Y €heSIAAR 1B L xPheads
direction besides the nmeasurenent direction (relati've noti on between
the head and 66e dlseibrbecaligectii e kasedest1diet @ASUFrEa®At17b is an
direction). Incidentally, in the description above, the correction

101 i nf or mati@grbfPlane gridts wgmsi Péurahogt betgind shovd dnappenms

acquired for both the Y.scale and the X scale, however, the present
Cnventi ot d's FERSTTFHIEAT BRE M AR R Mo TR gh ST bF RETtoARATRe

the grating pli—cnllfizaer&itcﬂg ' gl L”?()érﬁ‘?%%%t?%g&f & AGRYLT ed 0 *!ré’rgt%)#ng

either the Y scale or 't scal e, Tection 1 nformati on

only either thetgealirgipi %@f‘f&fméd"@n HHelnbh S MM 88Pa RERG T ek h
for both the Y scale and the X scale. For exanple, in the case where

only the acquils pilowadfityhef coheads i6dh ihfieramtdsopostible taappectsely
grid 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



10 line 37 of the X scale is perforned, wafer stage WST can be noved
in the Y-axis direction based on the neasurenment values of Y linear
encoders 70A and 70C, wi thout necessarily using Y interferoneter 16.
Simlarly, in the case where only the acquisition of the correction
information of the warp of grid 15 line 38 of the Y scale is
perfornmed, wafer stage WST can be noved BA the X-axis direction based
on the neasurenent values of X |inear encoders 70B and 70D, w t hout

necessari |y Ushndobl SLLSLATR o AA0u EULLNeL, chiher 902,aLnthfy,

stage position in error previous

measur enent efhermd i Aidaid ghtal 59%{1?;@& REGH @h@SpBysER € IHAYCREads
error) of the encoder which occurs due to the scale (for exanple,

degree of fl abheescafibebdealgrat isg slufLca  stidhaaatsaDof &resis) caation
grating formation error (including pitch error, grid line warp and
the |ike) andreheremces k) redhepelenmeriegecy7b, and bieanse A heads 66
sw t chi ng process of #h encader used for Eosition caontrql of _wafer

Y

stage WST 1n PR2SUEE arFf'i'toni dwaxBeuPEd la‘:ﬁl_r‘?”ﬁ@? tgr@'dacltlﬁ_ﬁl 37, there
processing of;aJ QBFQEt%?glléé}%’ftgéfna{ee §9§C%Hﬁ%actcg\6ge§eéi 98¢ the

process between a plurality 10 encoder e "described, a
processi ng SUgéf BSctiivh afiiiatel befingl abBLa§L@UP AT IRRHiIRGUERE true
error correction information, acquisition of positional informtion
of each head pzEkwe disl gtldeserred byuaessnmniess tire asaserentnofdatae (barp

surface of the scale, and the acquisition of correction information
of the grati ngPIRIRH-IAN (He 95édl PiapBhaceyiredt pythnmdnFalisy of X

e, 9020100, SGLONE 0N LG VKE B oPRLIOLIR L RVRRSEenLd) 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. In 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 alsc 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 Dbased on the measurement values of X interferometer 126, Y
interferometer 16, and Z interferometers 432 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 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 freedom of 15 wafer stage WST is to be
three degrees of freedom (X, Y, and 0 z)37 FIG 19A shows a
reference state where wafer stage WST is at the origin of coordinates

(X, Y, 0z)= -0y 0) r this ref e f St S
driven in a réﬂg‘é&’zb %‘gr%{ger%%ﬁg sa?‘@ﬁﬁ‘ga%§§ n%l e{ln(f%r??ggg\r/l\ggrb'
encoder (X heﬁdiiﬁ?%i@%@%méﬁﬁ@wﬂm coi-@BLE Ry STRNME DS ALRATE Phlues
their opposing scales 39Y1, 39Y2 and 39X1l. The State where wafer
stage WET i s obvédlimegposirtdamter(sX;70¥, afdz9yf i TOD hesimanndle deactibedz =
above is shown in FIG 19B. 25Here, |let position coordinates (X, ;2
of the measur@neft 3561 ALBCHLOBNE otledd XEndesEhilzed ARPVEnc ZesRecheved Y,

di nat t b l.,. ql 2 2), d 3, g3), ti [ vy.
The. posit PonaTe R GR R o0 tkes HAus b P Soemenbi v as arcer the
nmeasur ement begar e My & aﬁ@stl‘?ézﬂtﬁbéﬁgel'ngnﬁ S'%églraﬁeoP&. fr}i]@er%(}.?)rmgr%er 126

- calibration of the head positio escri be ier is rea

memory 34 andatis€coif dde veadoled BahglValuest fivand LI fseaneadessn End
| and Enc2 and Y-coordi nate value cry of encoder Enc3, and the design
posi tional i miefswténmaniofvaibe thaadiast bean SgdEmtnef ol el me asve baeign
beamis read fromnenmory 34 and used for Y-coordinate values qi and

p2 of encoderREIRFN ThfdTEREL TEREN K- CHA RAt & VEIRF BRcoresfic spRrand
o e o BV T B el LR RS Vg

corresponding to function gi:({x), ocutput of encoder 70D - the
measurement values corresponding to function gz2{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 39¥; and 38%, which are sequentially placed
opposing head units 62B and 62D with the movement of wafer
stage WST and the correction information 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



10 WBT. Accordingly, neasurenent values Cx and Cy of the X head and
the Y head can be expressed, respectively, as in the foll ow ng
formulas (12a) and (12b). Cx =r" ex' ... (1l2a) 15Cy =
r' ey'(12b) In this case, ex' and ey' are X and Y' unit
vectors in a relative coordinate system (X, Y, B z') set on wafer
stage WBT, and have a relation as in the®8ollowing formula (13) with
20 X and Y unit vectors ex and ey in the reference coordinate system

Chrurtnar ) ;o B8 ofEORdd WAIRISK of BEESFRACE SRR he ChEH that, tne

25Fur;her, r'’rs a Ion vec e encpd%r in Ul re
coordi nate sygt&shraidht 'vailtuedl 8B hcctrite Usd NEPAS LhOBhVEREOfrfors

=(p, q) in the reference coordinate system Accordingly, fornmulas
(12a) and (1203ndasn jmork@d
Further, during the movement of wafer stage WST
5 described above, by statistically processing the measurement
values {(the measurement values of Y linear encoders 70A and
70C) obtained from a plurality of Y heads 64 of head units
62A and 62C placed sequentially opposing Y scales 39Y; and 39Y;
previously described with the movement, such as, for example,
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
tX~-direction or the - X direction, therefore, if averaging
or the like is performed on the measurement data acquired 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 pluraiity of ¥ 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



rewitten as in the following fornmulas (14a) and (14b). Cy =(p-X)
cosez + (Qg-Y) sinOz (14a) Cy = - (p-X) sinOz + (g-Y) cosOz (14b) 5
Accordi ngly, when wafer stage WST is | ocated at the coordinate (X, Y,
9z) 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 rel ationship oP3the affine transformation).
ClL =- (pl-X) sinez + (ql-Y)

10

15

20

25

of wafer stage WST in the +X-direction or the -X-direction
described above, wafer stage WST can be made to move precisely
in the X-axis direction. In this manner, the same correction
information of the grating pitch of the X scale and the
correctlion information of the deformation {warp) of grid lines
38 can be obtained as in the description above.

As 15 described above, main contreoller 20 obtains
correction information on grating pitch of the Y scales and
correction information on deformation (warp) of grid lines
37, and correction information on grating pitch of the X scales
and correction information on deformation (warp) of grid lines
38 at each predetermined timing, for example, with respect
to each lot, or the like.

And, during processing of the lot or the like, main
controller 20 performs movement control of wafer stage WST
in the Y-axis direction, using Y scales 39Y1apd 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
measurement values of encoders 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
8x, and yawing amount 6z 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



C2 = (p2-X) sinez + (g2-Y) C3 = (p3-X) cosez + (Q3-Y)

10

15

20

25

100

by temporal change of the grating pitch of the Y scale and
the warp of each grating {(line) that makes up the Y scale,
and 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).

And, during processing of the lot or the like, main
controller 20 performs movement control of wafer stage WST
in the X-axis direction, using X scales 39X, and 39X, and head
units 62B and 62D, or more specifically, using X linear
encoders 70B and 70D, while correcting the measurement values
obtained from head units 62B and 62D (more specifically, the
measurement values of encoders 70B and 70D), based on
correction information of the grating pitch and correction
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
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 zffected
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
also without being affected by the change of position of wafer
stagé WST in a direction besides the measurement direction
(relative motion between the head and the scale in a directicon
besides the measurement direction).

Incidentally, in the description above, the correction



15 Incidentally, in the reference state shown in FIG 19A
according to sinultaneous equations (15a) to (15c), then Cl1 =ql, C2=
g2, and C3= p3. Accordingly, in the reference state, if the

measur ement val ues of the three encoders End, Enc2, 20 and Enc3 are
initialized to gl, qy, and p3 respectively, then the three encoders
wi || show theoretical values given by forgwulas (15a) to (15c) with
respect to displacement (X, Y, Oz) of wafer stage VET fromthen
onward. In sinultaneous equations (15a) to (15c), three fornulas 25
are given to LRESFRRBEOR AT fecgraiing, P@qh g 6F16|913@Jr<¥ lie warp was

d dent | |
conations ( 15aRahSFeqreat ot sty M AR B Rrs Gl PAVRRAE . | Fhe
this case, whgpe3PRE OV §5Qﬁﬂ:§EFh§gaﬁﬂh%%ﬂs 0L, &USR kbraBetion

approxi mati on of a higher order is appli 105 equations can be
sol ved easi | yinfoematitglof theegpasihd gittadh wakiethat gl WBhe( ¥ary, can
Oz) can be conputed from neasurenent values Cl, C2, and C3 of the

encoder. Nextbeaatunker grlac dog peﬁh@rnéhjedﬁrwmeglez ke St BhsAgls, obr
t he encoder he d used for position control qQf wafer stage WST in the

XY pl ane in t hReeHioRTe 18foRBREIQD&RS Pda| ?ifth‘éﬁ tihﬁ tglréftlggtﬂ'hﬁh
of a ”EasurenSPt%éld’fld“llllneb%a‘}ES% Logd. 2 LQEHSI PG QN 1 3TLOREL AL 90, PL

mai n control |
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 is 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 previcusly 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 error
{(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



In the enbodi nent, as is previously described, three 10 encoders (the
X heads and the Y heads) constantly observe wafer stage WST within
the effective stroke range of wafer stage WST, and when the sw tching
process of the encoder is performed, four encoders will be nmade to
observe wafer stage WST, as shown in FIG 20. 15At the nonent when
the switching process (linkage) of the emeoder used for the position
control of wafer stage WST within the XY plane is to be perforned,
encoders End, gnCZ, nc3 and Enc4 are positioned above scal es 39Y1,
39Y2, 39x1, afl %@g@g,elf%gﬁé& Peefgscridathoiftes Precespingviichnasi Hoe
a 20 | ook at . ] S t hough,the encoder,is going to pe
swi t ched fromgéé%é%%gﬁtlﬁ]asf%& %rslcc?g&epgﬁﬁ%h?n hlor\]/é Ce%'d, < St%lrs C%EWSEJSOH
fromthe factifbgimibheoRPasUnanBt ol beChboN isn sl fifrﬁ_:'fc%{at!ipneafogséh
End | and encoder Enc4, it does not have any neaning even 1f the
measur enent vhéaespfeoimis Maldees)ribkd25urecetiess £Nida Alren@ntedf the
w t hout any changes as the initial value of the neasurenent val ues of

encoder Ert4 avriaeetofithy weaded:i akdgeheraeeessitiperdhbomedection
Therefore, in,the embodi nent, main ¢ontroller 20 switches from

measur enent / TSEPVRHYPR Y- (HhFe8TELdBHePitER LT s S5 ARG ERE3 to
measurement /. SLLryo. fy, &E%omé@f?x? 8%0%%@1:%1%% HFgSﬁ%gﬂ:go Iﬁgé'th'gbifke

specifically, as 1t can be seen Trom

different froagréheeconaet iof -dvageaal encoder |inkage, and in this
met hod the |inkage is nade not 5 from one head to another head, but

froma conbi nati on Iof thiseeabeadsitsncofieak), tprimrcdrbideatrdhing the
anot her three heads (encoders) . Incidentally, in the three heads and

anot her t4% eel HrRlRRe PERESET PPl weakl t o RGNCPARTfed ¢ONWifte method
Further, in FI ncoder

however, 10 i% f@%%b *8HC eEQ%ﬁ%ﬁ@Q$S§$%§§%§gBEQ{ n%%ﬁgédgﬂfggﬁPQﬁf
'swi tched, for;gexamepdsatiBf SPCAIR! adadeeREr! AueNoPde tRRCrenise,
will be described, using FIGS. 19A and 19B. 1In 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
g z}.

FIG. 19A shows a reference state where wafer stage WST
1s at the origin of coordinates (X, Y, @€ 2 })=( 0,0,0). From
this reference state, wafer stage WST is driven in a range

20 where encoders (Y heads) Encl and Enc2 and encoder (X 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, ¥, 8 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, BEnc2, and Enc3 on the XY coordinate
system be (p1, 41}, (p2, 92), and (p3, q93), respectively. The
positional information of the irradiation point of the

measurement beam, which was acquired in the case of the



First of all, main controller 20 solves the sinultaneous equations
(15a) to (15c) above based on the neasurenent values Cl, C2, and C3
of encoders End, Enc2, and Enc3, and conputes 15 positional
information (X, Y, Oz) of wafer stage WST within the XY pl ane.

Next, main controller 20 substitutes X and Oz conputed above into the
affine transformati on of the next fornmul@®3(16) , and determ nes the
initial value of the neasurenent val ues 20 of encoder (X head) Enc4.
C4 = (p4-X) cosOz. + (g4-1)_sinOz (16) In formula (16) above, p4 and
q4 are the Xx- ee%#ar%é}%n VRICu&eaAdPPRET YOk g h Pardéest 16 neead

reReur et peLh Mla ook EGld LGB oo R ORI

val ue g4 of enc e posi n 0 .
irradiation pghBbdéfs IR 1MRAYUEREENAnPOARI LR MRS vAEGY .8 £08Bncoder

calibration of the head position previously described is read from
nmenory Enc3, and the design positional information of the irradiation
5 point of the measurement beam is read from memory 34 and used
for Y-coordinate values ¢ and p; of encoders Encl and Enc?2

and X~coordinate value ps; of encoder Enc3.

The X head and the Y head respectively measure the
relative distance from central axes LL and LW of wafer stage
10 WST. Accordingly, measurement values Cy and Cy of the X head

and the Y head can be expressed, respectively, as in the

following formulas (l12a) and {12b).

Cy =1 ~ex’” ... (1l2a)

15 Cy = r' -ey’ ... (12b)

In this case, ex’ and ey’ are X’ and Y’ unit vectors in

a relative coordinate system (X', Y’, 6z') 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 (X, Y, 82).

ex') (cosOz sinBz Y ex
= ---{(13)
ey'/ \—sin®z cosfz )\ ey

25 Further, r’ is a position vector of the encoder in the
relative coordinate system, and r’ is given r’ = r- (0= 0},
using position vector r =(p, q) in the reference coordinate

system. Accordingly, formulas (12a)} and (12b) can be



107 34andis used, while as X-coordinate value p4 of encoder Enc4,

t he design positional information of the irradiation point of the
nmeasurenment beamis read fromnenory 34 and is used. By givVing
initial value C4 as an initial value of encoder 5 Enc4, |inkage wll
be conpleted wi thout any contradiction, having maintained the
position (X, Y, 0 z) of wafer stage WST igy directions of three degree
of freedom Fromthen onward, the foll ow ng simul taneous equati ons
(15b) to (15d) are Eolved , usi.ng neasur.enment val ues an

C4 of encoder $SBRE5ECRAENS, th:ﬁcf X¥1RAi EATAY a%sb]a‘laa?ftaé’rd t(fjréb
switching, and a position coordinate (X, Y, Oz) of wafer stage WST is
conputed. C2 =(p2-X) sinez + (g2-Y) cosez(15b) C3 =(p3-X) cosQz +
(03-Y) sinez(15c) IHCL =(pg-X) cRs0z + (§4yY)sHidez ..., (%3d))
Incidentally, in the case the fourth encoder isay head t hen

i nstead of using th&oreti cagb-Xoratrez (+13d;)—¥,) thestol | ow ng(l4b)
theoretical formula (15e) can be used in sinultaneous

20equat i ons( 15b) (15c) (15e) A = - (p4-X SI nez + (q4-Y) cosez

(15e) However, bec%&hcor 1ng reneg%nvagger sta UH?%Jﬁqugtga at the

coordinate (X, ¥, ©z) as shown in FIG. 19B, the measurement
values of three encoders can be expressed theoretically as
in the next formulas (15a) to (15¢) (alsoc referred toc as a

10 relaticonship of the affine transformation).

Ci = - (p1—X) sin®z + (g;-Y) cosbz ...... {1l5a)
Co = =~ (p2—X) sinBz + (gz-Y}) coséz ...... (15b)
Ci = {(p3-X)} cosBz + (gz~Y) sinBz ..... . (15¢)

15
Incidentally, in the reference state shown in FIG. 193,
according to simultaneous equations (15a) to {15c), then C;
=1, C2=dz2, and C3 =p3. Accordingly, in the reference state,
if the measurement values of the three encoders Encl, Enc?2,
20 and Enc3 are initialized to qi, gz, and p; respectively, then
the three encoders will show theoretical values given by
formulas (1l5a) to (1l5c) with respect to displacement (X, Y,
0z) of wafer stage WST from then onward.
In simultaneous equations (15a) to (15c¢), three formulas
25 are given to the three variables (X, ¥, 6z). Accordingly, if
dependent varilables C;, Cz, and Cy are given in the simultaneous
equations (15a) to (15¢), variables X, ¥, and 6z can be obtained.
In this case, when approximation sin6z =~ 8z is applied, or

even if an approximation of a higher order is applied, the



25 a measurenment value of a corrected encoder whose various
measurenent errors of the encoders previously described have been
corrected, main controller 20 perfornms inverse correction on

nmeasur enent value C4 and conputes a raw value C41 which is the val ue
before correction, and determ nes raw 108 value C41 as the initial
val ue of the neasurenent val ue of encodergsEnc4, using the stage
position induced error correction information, the scale induced
error correction information (e.g., the degree of flatness of the
grating 5 surf@eRtIPNACABRY 50ANEATAIHY -cohFer¥d BT hf BRewdsdion of

th ti iteh of th I t.h ti i pf ti of the
arat g def of HBEPHr= 30 e (1 kE) Sl CPReDF | KPR GUehy PaRser PRt
In this case, ¢4Wed NVer &g, cotd ast benthef erso4&- t he 10 processing of

conputi ng neasurenent value C41 ‘based on neasurenent val ue C4, under

t he hypot hesi s thatNeGd,i & hinkeaflpesests i rided Ser g ader saiteiing
correction when nmeasurenent value C41 of the encoder on which no
correcti o hagf bden epeptiorneerd $1seor Fer traak itsiongcohbrel afe wpdsict $oage
15 i nduced error,cor%ection i nformat i on previousl%%described, t he

scal e i nduced¥ef Y tEG FER IR LR RO TAEREr | DR ICHSoTBSGRE ERELY
i ke. o L Lt L.nt | t i ,
I ke “Eﬂﬂlnfggﬁgggéghﬁﬁgg@ﬁ%&ﬁéaéﬁk éﬁ% gggggP&Lgé%%?gé%ngbed,

interval) of wafer \ exanple, p (
however, the reasdiefredd drioplevak i bAESS Uhei® Momamliichg 2bnt erval ) of

an interferoneter or an encoder has to be at a
In the embodiment, as is previously described, three

10 encoders (the X heads and the Y heads) constantly ocbserve wafer
stage WST within the effective stroke range of wafer stage
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.

15 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, Encz,
Enc3 and Encd are positioned above scales 39Y;, 39Y,, 39X,
and 39Xz, 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 Enc4, 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,



much hi gher speed. The reason why the sanpling of the interferoneter
and the encoder has to be perforned at a hi gher-speed than the
control sanpling is because both the 25 interferoneter and the
encoder count the intensity change (fringe) of the interference

i ght, and when the sanpling becones rough, neasurenent becones
difficult. However, with the positigm servo control system of
waf er stage WST, the system updates the current position of wafer

109 stage WST a% evgr%ncontrol sanpling interval of 96 [p sec],
performs cal clPGEi B3Rt B2t e MEAFHEPEPBR { oSeLYArgetthsodhErEnengpaders

outputs thrus ngﬁ%% XI?A #ﬁéq?n%éﬁe Lgffic':aéclclg d%g%ygripges{/eg&from

LI . n
positional infornhtion o € ‘'waf er stage 1's neces

control sanpl Fng, i2t,eeMal @ {9 d%_%@lereﬁ@dffcﬁ?tﬁgsd.c;ﬂd@ﬁl of a normal
information in between the sanpling intervals wll not be necessary

in the positiencedat roinlofgenaben $hagel INREthblde that Bidlesgudisemadsdnot
the encoder nerely performsanpling at a high speed so as not to |ose
track of the frehgee hegAdiepbpeher hephe bhddpmentcompination jofeghree

whi | f T is.| ted in the effective stroke range

vt oual v dobedf L En R arer 61 FerDSBS ot | M A CarpE PRads
t t ,

Chaoter ayst oRpHESACEEN THR UM s LIPM GRTHEIRRAE! nE3a0°R0d Slotlie

the scale. Anghré&@heagentie dEffeberéad 1B el s t&hiBBreRer ahtOfer,
of the encoders (linkage operation between the plurality of encoders)

previ ously desuiilbed; 0, ansydehFogilzats swintchdd theentdodenrdgErof4 t hewever,
position control of the wafer stage perforned every 96 [p sec]. In
such an .10 1instead of encoder Enc4, for example, the encoder can be

switched, for example, to the encoder adjacent to encoder Enc3.

First of all, main controller 20 solves the simultaneous

equations (1l5a) to (15c) above based on the measurement values

Ci, C2, and C3 of encoders Encl, Enc2, and Enc3, and computes

15 positional information (¥, Y, ©z) of wafer stage WST within

the XY plane.
Next, main controller 20 substitutes X and 9z computed
above into the affine transformation of the next formula (16),

and determines the initial wvalue of the measurement wvalues

20 of encoder (X head) Encd.
Cq = (pg~X) cos@z + (g¢-Y) sinfz ...... {16)

In formula (16) above, ps and g4 are the X-coordinate

25 wvalue and the Y-coordinate value at the measurement point of
encoder Encé4 (detection point). As Y-coordinate value qq of
encoder Enc4, the positional information of the irradiation
point of the measurement beam which was acquiredoncalibration

of the head position previously described is read from memory



20 arrangenent, the electrically high-speed switching operation of an
encoder will not be required, which neans that costly hardware to
realize such a high-speed switching operation does not necessarily
have to be arranged. FIG 21 conceptually shows the tim ng of
position control of wafer stage WST, the 25 uptake of the count

val ues of the encoder, and the switchingugof the encoder, which are
performed in the enbodinent. In FIG 21, a reference code CSCK shows
a generation %ngrgﬁaof a sanpling clock of the position control of

waf er st age S 1155k e Y RtR 28 FHE MK ISHEWE WG Bn OER TR FRAfy

of a 110 neasyLe i cl.o the enc r_(.and f.he. .

i nterferonet ef‘;{% g%%%lz%g)gali:rqgﬂ?rle%gggggagl% ?Jgg/)%eréeal ﬂfascﬁa%&ophgomt
switching (|ipkages @fadhienRgodebnm NoVedd fr3G HERSE), PId A ARQVEsed.
the switching that could 5 be perforned from one conbi nati on of heads
(encoders) to anot hey gtetrhgratiitdalofalhends abestc odet 531 vandetdeehcotiag
when the switching can be perforned are to be known, however, they

al so nust be Enehn linkage adildabescquphetedsvidiout |any soatgediction,

preferable to_prepare the,scheduling.of the timng to carry 10 out
t he |inkage iﬂg‘éﬂg%ﬁ‘@éﬁnqameg %‘n%lpé’%&lté?ni t He én‘ﬂo&ifn’éﬂf%/r reiage WeT
controller 20;pr - e c{%gég f t i.tehi ng i I
from one co@%ﬁaﬁ%&é’f th?ge eadgiegg.geg&f f?r%?d% ﬁcz?éélrpng:h%\r%fc§§b%%g’
anot her conbi fiaé ifen 16k ihBreneads ot edfhat iBAE4(138\CEo (@Bd) k- EBEBYed,
and the timng of the swtch) of the three encoders (heads) which are

used for neasusimg thvempesiuteneat valfiesndii dh, odndvdferf stragelcWSTELCR,

directions of three degrees of freedom (X, Y, ez) within the XY
pl ane, badked %%C%hearrﬁ)&“é}%nwf@% s&e(vargerftencihe owikshdngst agd a

2 romory a4, SositFort PeSEIERULL O " F76R) & B ctich i oF & oprotce

consi dered, the contents of the schedule in every shot map (an
exposure map) becomes constant, however, in actual practice, because
a retry nust be comsi deredp,+d) isinpzekernghty faysewmi.n., (15b)

Cax = (p3-X) cosBz + {(g3~Y) sinBz ... (15c)
15 Cq = (pa—X) cosBz + {gy-Y) sin@z ... (15d)

Incidentally, in the case the fourth encoder is a Y head,
then instead of using theoretical formulaz (15d), the following
theoretical formula (15e) can be used in simultaneous

20 equations (15b) (15c) (1l5e).
Cqs = - (py—X) sinbz + (g4~¥Y)} cos6z ... {15e)

However, because measurement value Cy computed above is
2% 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 C4 and computes a raw value

Cy’ which is the value before correction, and determines raw



25 controller 20 to constantly update the schedule slightly ahead
whi |l e perform ng the exposure operation. I ncidentally, in the
enbodi nent above, because the description was nade related to the
principle of the switching nethod of the encoder used for position
control of wafer stage 111 WST, expressions such as encoder (head)
End, Enc2, Enc3, and Enc4 were used, howesger, it goes w thout saying
that head Endl and Enc2 indicate either Y head 64 of head units 62A

and 62C or a pahr of Y heads 64ya and 64y2, representatively, and
heads 5 Enc3 %A4uEntd iatditdst désikinkamr b o Hdwd Medsirepsnbntr b, of

representativ r , r. simlar _reasons..in FIGS. 19A  19B and
20, the_place%%%?d€$ %ﬂ%%ué%gjﬁﬁégésftéﬁﬁ,P%%%Eﬁ° ﬁ%ﬁﬁg%ﬁﬁﬁﬁgéFike IS
shown di fferepbtyedt Oom tHer Asddtdlond! 2880414 Hiaucd A roRe cbik8erion
10" Ceneralization of Switching and Linkage Principle" In the
enbodi ment, i hnbodestian meEasire theedpgsedi o £DpfhIAtes the Yahkeing

stage WST in directions of three degrees of freedom (X Y, Oz), anong

t he X encoder 8uyfrerls)t latacgsén the apyradidionc snEemaft orepf otles

systens 70A to_70D, 15, at | east three head ich at | east ,include,
one X head anﬁr%31¢%wﬁﬂtQQM9é$th&aagag?e s é%génq%FﬁiﬁéﬁPnTﬁBF%F%ﬁ%%on

when t he head i L 4 I i I Wi ment
of waf er staggw %ﬁn%%?e#%gﬁkﬁgﬁWnég$f%n€aﬂg% iha }tgl% g‘;%%hree
heads to anotbesviemdinaldyridld, hree heads is 20 enpl oyed, so as to
continuously link the neasurenent results of the stage position

before and after tHm;m $kiitscloiasg, Thesimetird asddedid onefrefeed to s a

first nmethod. However, when considering the basic principle of the
swi t chi ngt%andPTFREHE Drfc SSTPILS AT aMERPELERRSRT Joilite &' viPased on

measurement value C4, under the hypothesis that C; is a
measurement value of the encoder after correction when
measurement value C;’ of the encoder on which no correction
has been performed is corrected using the stage position
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



25 it can also be viewed as a nethod of swi tching one head of the
three heads that are used to another head. This nmethod wll be
referred to as a second nethod. Now, the second nethod will be
described, referring to a switching and |inkage process fromyY head
64c3 to 64c4 as an exanple, indicated by an arrow 112 el in FIG 7A
The basic procedure of the switching praggss is, while both a first
head 64C3 which will be suspended |ater and a second head 64c4 which
will be newy used face the corresponding scale 5 39Y2, main

control | er 205BR8BUIES ath&vrEy: 6PAETSh W&H@gséﬁéﬂavﬁ%ébf GhcAramec] -
(18 S oL e mest e v e (LS ORGSRl s,

swi tchi ng (and susSpensi on

moni toring thenSRAKMRREAL V&Y UemmEPAd SAlllleRladde HAEASHE eMBRLo YAl 81y,
(l'inkage process) , main 10 controller 20 predicts a neasurenent

val ue Cyg of the pesvnibrieEladrfbehattsbngod tieasdd BERtag@l e f¥Sedfary
the first head 64c3
5 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.

10 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

15 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 [up sec]. 1In such an

20 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

25 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



In this case, according to theoretical fornula (14b) , neasurenent

val ues Cl13 and Cyg of Y heads 64c3 and 64C4 follow fornmulas (17a) and
(17b) below. 15 C13- (p3-X) sin& + (g3-Y) cosOz (17a) Cyg = -

(p4-X) sin&k + (qg4-Y) cosez (17b) In this case, (p3, g3) and (p4,

g4) are the X and Y setting 20 positions (or to be nore precise, the
X and Y positions of the neasurenent poirios (detection points) ) of Y
heads 64c3 and 64c4. To nake it nore sinple, suppose that the Y

settin ositions of Y heads 64c3 and, 64c4 are equal (g3 =.qg4) .
Under this sUBBBSPEFRART A Ay G koPiuFaS $1G0HemrdAcL FHF above,

(18) 113 1irSPoREEERGe) RERERPr oo A enel cRed S PP S
the right-hangheidecid dwitanidg 48)knRRgue gnd Rbta{difg Cy4 on the
| eft-hand side, the neasurenent value of the second head 64c4 which
will be newly used Nan e firedestetipt &bt ethostedchalsuét Eyiind hdtathasuld
been obtained is to be set
5 be performed from one combination of heads (encoders) to
another combination of heads (encoders), and the timing when
the switching can be performed are to be known, however, they
also must be known in the actual sequence as well., It is also
preferable to prepare the scheduling of the timing to carry
10 out the linkage in advance.

Therefore, in the embodiment, main controller 20
prepares the schedule for the switching (the switching from
one combination of three heads (e. g., Encl, Enc2, and Enc3)
to another combination of three heads (e. g., Enc4, Enc2, and

15 Enc3), and the timing of the switch) of the three encoders
{heads) which are used for measuring.the positional
information of wafer stage WST in directions of three degrees
of freedom (X, Y, ©z) within the XY plane, 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) becomes 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



as the initial value of the neasurenent val ue of the second head 64c4
at a proper timng. After the setting, the first head 64c3 is
suspended when it noves off scale 39Y2, which conpletes the switching
and |inkage process. 10Incidentally, when the measurenent val ue of

t he second head 64c4 is predicted using fornmula (18) above, a val ue
of rotation angle Oz, which is obtained finom the neasurenent results
of another head that is active, should be substituted into variable
Qz. In this case, another, head that is active 15 is not limted to

the first heallS6acTRAFSCHORS S4B} 86tencrdss lt(E‘ﬁP% Engidt F?ﬂ‘é?u@f§3al gnd
he h h
the heads t aﬁn r%? %Q? %%ﬁ%%r Caugé&%ﬁ% o %&%@? 55%591531£5c1

rotation angl e 1S’ case,

head of head HﬁatErﬁ'?i),lnHQEéEboé'l@Mf?{ Qéaaaéutzﬁ: ﬁasalmf?&y%z@gahaeezc
first 20 head 64, and for exanple, one of the heads of head unit 62A

that faces Y sca paB9YiE Hurdanly 6&e sndtédly nGepDeseatudl el of anat kéadd
angle Oz, which can be obtained fromthe measurenment results of X
i nterferorfet eEanGind( Eil'm‘lellﬂé#@ﬁ‘é‘f—‘%rx i@adoﬁEZOﬁ nezd arndite68B 48A &N

438 or the |ike of erferorret ste 118 and the |ike can be
substituted ihE®" ‘\e/%‘?’? edy- ‘6}' Tt 'a P§ W@%ﬁ?%ﬁﬁ% SRE ke

The swi tchi ngt nd Ty magaen SRR e e B e R e { P ey
the switchi ngaaddHd nkxgeipr 96655 d@.@ﬂéﬁ@ﬂtlﬁofﬂﬁﬁl%e &Jsﬂua@l 19Da9<':é}ﬁler§t0
different head units such as between the X head and the Y head can
al so be expl ai BRE@- s3 rarddardhe dskehe second net hod.
10 « Generalization of Switching and Linkage Principle»
In the embodiment, in order to measure the position
coordinates of wafer stage WST in directions of three degrees
of freedom (¥, Y, B8z}, among the X encoders (heads) and Y
encoders (heads) that constitute encoder systems 70A to 70D,
15 at least three heads which at least include one X head and
at least two Y heads are constantly used. Therefore, when the
head which 1s to be used is switched along with the movement
of wafér 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 ¥ head 64¢3; to 64¢q as an example, indicated by an arrow



Therefore when the principle of the Iinkage process is 5 generalized,
t he neasurenent val ue of another head newy used is predicted so that
the results of the position neasurenent of wafer stage WST is |inked
continuously before and after the switching, and the predicted val ue
is set as the initial value of the neasurenent val ues of the second
head. In this 10 case, in order to predixt the neasurenent val ues of
anot her head, theoretical fornulas (14a) and (14b) andt heneasurenent
val ues of the active heads including the head which will be suspended
| at er subj ect ®t ot He"&wi'®ching will be used as required. However, for

the rotation angle j,n.the.e z direction 15 of .wafter stage WST whjch
i s necessary on theﬂllel3 hag'ég,pléo?/eafutfee i%’ﬁeissf’l%ﬁﬁ"épﬁe%r TR tife WDLle

neasurement rgsihtseOfsi AESE TRLONEL &4 w§.¥§f‘l§‘é@.ﬂ-§1ﬁezﬁfe§h P?té'f%ﬂd a second
f at at

As is described above, even if 1t is prem sed t east three

heads are conktadtday, whedhtwd ITeRS e lihesqDshte @he2€o Of e SRIrRILIRL 8G€1 e
WBT in directions of three degrees of freedom (X Y, Tz) as in the
precedi ng i r 38Yyemaba contrpbiesi2Re xacwidsythdsestor tiebols oftihchseeend

di rect objects of e swtching apd |inkage process withqut referring
to the concre %a%r%gédﬂﬁ%t%? BgEH?%ﬁﬁﬂh emgﬁﬁgﬁﬁgﬂﬁhﬁaééﬁﬁe(binkage
anot her head . atj o . n .h

wher e one hea%é%g%g%%/’ 'té ﬁgd%llll‘% %gzlﬁggg{s]&ugendp F’ggg%\nﬁfg%%gé%tgh%%tr%grhead
head can be real;)zgd. the head Ndfi@Mralgy thehRed88e&hdid AR far was

made on the prem se that the position of wafer stage WST in
directions 115 On setting the measurement value (linkage process), main
10 controller 20 predicts a measurement value Cyq of the second
head 64¢4 using a measurement value Cyz of the first head 64cs.
In this case, according to theoretical formula {(14b),
measurement values Cyy and Cyy of Y heads 64q: and 64¢q follow

formulas (l7a) and {17b) below.
15

I

Cy3 - {p3—X) sinBz + (g3~Y) cosbz ...... (17a)

Cyq

- {ps—¥) sinbz + {g4-Y) cosBz ...... (17b)

In this case, {pa3, g3} and (ps, 94} are the X and ¥ setting

20 positions (or to be more precise, the X and Y positions of

the measurement points (detection points)) of ¥ heads 64¢3 and
64c4, To make it more simple, suppose that the Y setting

positions of Y heads 64¢3 and 64¢q are equal (gs = ¢g) . Under

this supposition, according to formulas (17a) and {17b) above,

25 the following formula (18) can be obtained.

Cyg = Cy3 + (pg-p.q) 5inbz ...... (18)

Accordingly, by substituting the measurement value of



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 second nethod where one head out
of at heads used is switched to anot her th@ad can be realized, as in
t he description above. Next, a description will be made in

whi ch under a _specific condition, an observation of a nethod (to be
referred 10 t 61538t %31 Mdcretied) wihkrke Suserpradt 1 BFEHA RO CrreQ8sthie
switched to a_conpination of t her t heads can, be consi stently
real i zed. rlgﬂ?nh?lh 5&9&@?3%5818@8, Y\J‘;E{/\)n F%ﬁ?’ﬁgﬂré?nagi:?ﬁ?hﬁ% Gyt GReEe
bet ween both heads,S4e 3 rd BAS ddaSixpeHE ek hider e heads 46

and 64c4 each face the clorresponcﬁ ng Y scal & 39Y2. During ?’ﬁl. S & e
oper ation, acebidhng.lD Bhengpllacenredt coh bepssdleand the head

enpl oyed i n exposure apparatus 100 of the enbodi ment, one Y head
(expressed as 64A) Bfeqimted vehde Gt HeadhanibespabtadesdYisdal be39atl
and neasures rel ative di.splacenent_of Y scale 20 39Y1 in the Y-axis

direction. TheP i 118 VehPRPGAS MEREYECBRBE &l 4R Of bBe second
cecond combi ratrart st V* R AR, F pagntesr Y BURGC s Trineg
theoretical fRefulgngl4b)suspdRASUNGERNG t2p0vak Us £ Ofe Bd¥gad, B,
follows formula (17c) below. CyA =(PA-X) sinOz + (gqA-Y) cosOz (17¢c)
116 (or to becmmreteqx edieseswittlvhiXgaand Y1 hosdide ansocefsst.he nmeasur enent
poi nt) of Y head 64A. To nmake it nore sinple, suppose that Y setting
posi tion A of Y hd@tisleatied lygudier $he BRAUTRIgIYs Vel BaL ghantrepnd
of Y heads 64§§%§”%hc?4fé'éfgé536¥% Esgg% formula {18) above, a value of
rotation angle 0z, which is obtained from the measurement
results of another head that is active, should be substituted
into variabkle 8z. 1In this case, another head that is active
15 is not limited to the first head 64¢; which is subject to
switching, but includes all the heads that provide the
measurement results necessary to obtain rotation angle 6z.
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 622
that faces Y scale 39Y; during the switching. Or, a value of
rotation angle 8z, which can be obtained from.the'measufement
results of X interferometer 126, Y interferometer 16, or Z
interferometer 43A and 43B or the 1like of interferometer system
25 118 and the like can be substituted into variable 6z.
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



5When theoretical fornulas (17a) and (17c) , which neasurenent val ues
C73 and CI A of Y heads 64c3 and 64A of the first conbination follow,
are substituted into theoretical fornmula (17b) , which neasurenent
value Cy3 of Y head 64c4 that is newy used follows, fornula (19)
below is derived. 10 CY4 - (1-C) CY3C CIA(19) However,
constant ¢ =(133 - 134) / (9gA-q3) . Accorii ngly, by substituting the
nmeasur enent val ues of Y heads 64c3 and 64A 15 into Cy3 and CI A on the
ri ght-hand side_of formul a.%‘ng) above and obtaining Cl4 on the

| ef t - hand si dBelPREI NS R CEFERE D hI RRRDINY LRetdCE A1 PREVESN el Xchpad

be predicted. edi.cted val u 4 that has_been_obtained is t
b Set as t neRdads AERPA STAAIH Be it Ao SAmpRBhLY 4 RS =SenT
After the setfipgsqY head 64c3 is suspended when it noves off scale
39Y2, which conpletes the switching and |inkage process.

I nci dental |y, accorThereioard haenl ioemeihcopleher 62l Biakggd hediead is
enpl oyed i n exposure apparatus 100 of the enbodi nent, at |east one X
head 66 fatesgxneral bz@dXthermSTrPEnindaheaodr ot hehdtriepd y used
di spl acenent in the X-axjs direction. Then, according to the

measur ement r 28 BE%AIsted 80t Hrale HheadeSulks OF &he R BEMeHg26BT GREPT
10, ead 545,88 ol WP 25L LSRN 110 ST M e acvor
However, in tige exarddi®f, bA8 the predicted value is set as the initial
value of the measurement values of the second head. In this
10 case, in order to predict the measurement values of another
head, theoretical formulas (l4a} and (14b) and the measurement
values of the active heads including the head which will be
suspended later subject to the switching will be used as
required. However, for the rotation angle inthe @ z direction
15 of wafer stage WST which is necessary on the linkage, a value
which is obtained from the measurement results of
interferometer system 118 can be used.
As 1is 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, ¥, @z) 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 observation 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



117 switching and |inkage process descri bed above, X head 66 nerely
plays the role of a spectator, and the observation of the third

nmet hod where a conbinati on of two heads, Y heads 64c3 and 64A is
switched to a conbi nati on of another two heads, Y head 64c4 5 and
64A, is consistently realized. Accordi ngly, under the prem se
that the use of three heads is indispensald e to neasure the position
of wafer stage WST in directions of three degrees of freedom (X Y,
0z), the first nmethod was proposed as a general nethod of the
switching 10 SAd-h sk fersescesstranadoddl d¥ b Hpprramed sy ingsat
regardl ess oflthe l.acenent ., of #%e scal e and.,t head egplo ed in
exposur e appaf at05s Pt He eNBEETREAS AN BiSsete DR iR Tt e
bl acemrent of bbe, 8£ah & ARdoldie ieads el aetd ohd SXRPSLELLEPRA 8hUSdon
100 of the enbodi ment and the concrete 15 procedure o t%e | 1 nkage
process, the obserstadicmn off thdeiddided BEt htskdoulid bebiesdipedsdingdest
a particular condition. I ncidentally, in addition to the first
met hod, i Pt héeask rcheads and 19 akajeuprtbessthobbsbevantenerf tHeadebynd
t he second and third_ nethods described above, the neasurenent val ue

of 20 anot her™RERYA FHEEE NANGAEOEE ol H5a8si eied i sirahefre another

posi i on coor (] DAt g, of, WAl &1, ;84.a0e BT Wl Ehal 2o BN LQF el

conti nuously ore an er chi'ng, "and I'S

predicted val ue wayesat, as icribtish ¥8l vepd Hadda MeasehelRAL - VRI Ue
of another head. Instead of the processing above, the 25 neasurenent

error of anot spschiethd condli tideong anheb semsatr ieneaf aenetiiod)dnerad edf byred
the switching and |inkage process can be conputed and the correction

data can ¥ nk@leas And;higd methigel) aberer aheerbimapiameifudeae, hepds is

correction data, thiat, o been,Tade can e UsEl. {4, S Yol b e

consistently realized.
In the example above, switching and linkage process
between both heads 64¢3 and 64¢4 1s executed, while Y heads 64
15 and 64¢4 each face the corresponding Y scale 39Y,. During this
operation, according to the placement of the scale and the
head employed in exposure apparatus 100 of the embodiment,
one Y head (expressed as 64p) of the Y heads of head unit 622
faces Y scale 39Y; andmeasures relative displacement of ¥ scale
20 39Y; in the Y-axis direction. Therefore, a switching and
linkage process will be considered from a first combination
of ¥ heads 64q3 and 64, to a second combination of Y heads 64¢,
and 64,.
According to theoretical formula (l4b), a measurement

25 wvalue Cyy of ¥ head 64p follows formula (l7c) below.
Cva = - (pa—X) sin®z + (gap-¥Y) cosfz ...... (17¢c)

In this case, (pa, da) is the X and ¥ setting position



In this case, based on the correction data, positional information of
waf er stage WST neasured by the another head can be corrected, or a
target position of wafer stage WST for servo control can be
corrected. Furthernore, in the exposure 5 operation, servo drive
control of the reticle stage is perfornmed, follow ng the novenent of
waf er stage WST. Therefore, based on theiworrection data, instead of
correcting the servo control of wafer stage WST, the foll owup servo

control of the reticle stage can be corrected. Further, 10 according
to these cont (BF GRPRBASS RIRS iRCastR@eHIC ¥ &O%é LAPNEIRE HeraepapspBent

h i hi initjal | f t h head with
by ohangos pEMEECe R MR T d rakeE Fred b ey SCPRESE PR
the encoder systep byy Sbso-idhey, %aﬁ%@é@rmnsxgtsaﬁa%f;@a ¥ N&tting

exposure apparatus 15 in the enbodi ment has, such as t

i nterferonet eposysiens,gshodl €, bef apiieas dUel andS&dc, (ga = NEX .
paral l el processing operation that uses wafer stage WST and
measur enemit st age NBE! rfheqreddcelappamatas Uk Jofanchd l@phedivhial

wi |l be described based on FIGS._ 22 to 35. 20 Incidental%y during
the oper ati onmBRFORENHRT VLN Gia @D &t 8r RE24heOdrpein ¢ §feeol the

control of eagh, yal ugnolodd Qi dosupl vadeviGe & At hadd hecouely,

. 1
device 6 of |ocal I1quid 1nmersion manner previ ously

described, angomahes (17099NshAGH Medslrbednt 'vdNe: eppce ¥inghl gndefnat
tip lens 191 of 25 projection optical system PL. However, in the
description bksovewipruddib Rdlewsl, $Somphiei (V9) thelexdlsanatioad.
related to the control of liquid supply device 5 and |iquid recovery
device 6 M1 be onmitted. Further, many drawings are used in the
operation description hereinafter, however, reference 119 codes nmay
or may not be giverf¥® g tHet ) HAe ferber for ceachldt awi ng. More
specifically, the reference codes witten are different for each
drawi ng, however, such nenbers have the same configuration

regardl ess of the iHwiesaid, 0RonEtaie d ef(@,6NQQ) / (ga—gs). Accordingly,
by substituting the measurement values of Y heads 64c3; and 64,
15 into Cy3 and Cyp on the right-hand side of formula {19) above
and obtaining Cy4 on the left-hand side, the measurement value
of ¥ head 64c4 newly used can be predicted.
Predicted value Cys that has been obtained is to be set
as the measurement value of ‘Y head 644 at a proper timing.
20 After the setting, Y head 643 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 39%; or 39X,
25 andmeasures 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 64c; and 64a, the position
of wafer stage WST in directions of three degrees of freedom

(¥, ¥, 6z) is computed. However, in the example of the



5 codes. The sane can be said for each drawing used in the
description so far. FIG 22 shows a state where exposure by
the step-and-scan nethod is being perfornmed on wafer W(in this case,
as an exanple, the wafer is a wafer m dway of a certain |ot (one 10

| ot contains 25 or 50 wafers) ) on wafer stage WST. In this state,
measurenent stage MST can wait at a w thdrawal position where it

avoi ds bunping into wafer stage WST, however, in the enbodinent,
measur enent stage MST is nmoving, follow ng waf er stage WST while

keepi ng a preﬁ@%E?H%ﬁ%&“&ﬂéﬂ%ﬁﬂ?Prﬂﬂﬁ%ﬁQﬁ%Fr%H?Qﬁ%%v%eééﬁ¥€H@%WerelY

et o stage VAP LRI TRE ehrbeirat Rueh aln ik Pk dus fiEocns ehird

di stance as therRbedaierdranedmdi $4@NGe orfef;@&rﬁéiaaso bRV N dd . Bd 64,
enough to cover the novenent di stance of measurenent stage VST,

20Duri ng thi siexpoisioted gaia ceabihatlef canothéeépltwd hea@osivt head 64,
(including the Sz rotation) of wafer table WIB (wafer stage WBT)

W t hi n t he® XYaptlahty, Hasegnshsthrpthraxenlmad. val ues of at | east

t hree encoders out of tﬁgi X _.heads 66 éx encoders 70B and 70D) shown

surrounded by a ci rIPIHIGE, 3pdpLcthg DEEE e HeE 39R1USRICSobkree
respectively, héi‘g'&ls J. :Ldeg}%?r%a%lle( ¥oerﬁ1§aosq‘&re tlzg'%c%r}&lo%%f %&%"é"} stage

surrounded by a
WST in d:Lrect:Lons of three degrees of freedom (X, ¥, ©6z), the

flrst method was proposed as a general method of the switching
10 and linkage process that could be applied to every case,
regardless of the placement of the scale and the head employed
in exposure apparatus 100 of the embodiment. 2and, 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 nmeasurement 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.



22 facing Y scales 39Y1 and 39Y2, respectively, the pitching anount
or rolling anount, and yawi ng anmount of wafer stage WST neasured by
interferonmeter system 118, the stage position 120 induced error
correction information (correction information obtained by formul a
(10) or fornula (11) previously described) of each encoder
corresponding to the Z position, the corygction information of the
grating pitch of each scale and correction 5 information of the warp
of the grid line, Further, main controller 20 controls the position
of wafer tabl éRWIBLFC3fRy RaBES i thet Ferreeheydatdt atiosd tipsrli ng)

o Conon of PESMENSSS N2 55558 W e TBIRHE I V) 2nOERat paRd
palrr eac (0] . T 9, y y
10 one end anealghf‘e %E?éc@@@, (Apﬁt@&ﬁ?g@is%%n% ?r%%le?ss@azggwg@dfor

39Y2) of the wafer table WB surface he X-axis directiom.

I nci dent al |y, séheo pesitirodncai beadefrdafd VWBrt e flterel- @XithedbkS64hoN
and the Oy rotation (rolling) can be controll ed based on the

measur enert vepgeabioy, swrsor sirige, contdel 764, the ammtit8e762age aad
the Ox rotation % i tching). can be controll ed based on the neasurenent
val ues of Y iRgE ‘?-@?%ﬁret lpgingn thRyme¥eRent Hel ¢tiftarolstesschsT -

el 10, Cort gl 16! ol o e RoeiOn gLl LA TR L

. . cQ
the Z-axis direction, 1 ot at ron,

this exposureths PFfDIdBbrd128edwdPepnNste§eldsr Oftra fFRAYSWIBRPEESo
performed in advance by the nultipoint AF System previously

descri bed. contrdhialf done retliele?B8tpeef Gimhd e reaardr. e DPeItaid,on
descri bed above, based on results of wafer alignnent (e. g. Enhanced
d obal Ali%nneetordEmy tp these vpatiedmpehdds mide2se dedameidnidaing oh

(he b aest bagelie ppdcihe Like o albgnmyt, Systers A1 g AR
e eraeTon B AR RS BSSRIE B0y L0 PORLALAY e
waf er TN, antngkStARheNgoeXPOSUER data, not only the encoder system but
also other measurement systems that the exposure apparatus
15 in the embodiment has, such as the interferometer systems,
should be appropriately used.
Next, a parallel processing operation that uses wafer
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 liquid 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 liquid supply device 5 and liguid recovery

device 6 will be omitted. Further, many drawings are used in

the operation description hereinafter, however, reference



121 operation in which a pattern formed on reticle Ris transferred
onto each shot area by a scanning exposure nethod. Incidentally, the
exposure operation described above is perforned in a state where
water is retained in the space 5 between tip lens 191 and wafer W
Further, exposure is perfornmed in the order fromthe shot area

| ocated on the -Y side to the shot areajij@acated on the + Y side in
FIG 22. Incidentally, details on the EGA nethod are discl osed, for
exanple, in US. Patent No. 4,780,617 and the like. 10 And before the
| ast shot ar eSCBAS HAMT MY Notdxpaseen tadie evme rember 20 e fpwing.

tage dri tem 124 th lue of Y .
i orf or omot aHO18 WA LAY Al Hi g ERESHERCTAR AF baPhE F5y dieFerent

interferonete 3 a e, :ﬂﬁMﬁ%ﬁﬁﬁﬁﬁ%r n age
VST (neasurengﬁ% %%% éﬁﬁ%%§&&5%ﬁg%?kg’pgs?€ion shown 1 n Eﬁ%.giéé When
t he nmeasur enesbn sig@eat SorlfovedariiDes €dger Barfrate 0 chlbbahedbeference
(nmeasurenent table MIB) on the - Y side touches the edge surface of
waf er tabl®e Wedes. t fde+r¥agerdean! bei sheitd ddry eanbasirreneat useadl & M
and wafer table WIS can be separated, for exanple, at around 300gm 20
in the Y-axisd8PFEREAT A I%€oni toring, for exanple, the

measur ement val ues of t%ﬁshgagrfeéoqgtﬁrrog the encad re%?gt_nE%§ures
t he position of each(%a ENPHS Pha - AR ST G PFECPNER B0 aR SEEP AT At BT H
a non-contactystRé® {PnRidy Persodhed. oAf hefeMaf efirstagde Weleands an
measurenent stage MST are set to 25 the positional relation shown in
FI G 23 duri ngxitel expistiva felr Waf ar wdfebaoliivdwd ngess aacermayadlobi {¢he
mai ntaining this positional relation. Subsequently, as shown in
FIG 24, Wi nlebriterdidiers 26 peghbhsvafrrsdperat vofiedf stRge/iWiF. In this

measurenent stage MST in the 122 , , .
stdte, measurement stage MST can wait at a withdrawal position

where it avoids bumping into wafer stage WST, however, in the -
embodiment, measurement stage MST is moving, following wafer
stage WST while keeping a predetermined distance. Therefore,

15 when measurement stage MST moves into a contact state {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 39X:, 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



- Y-direction, and al so begins the operation of driving wafer stage
WST toward unl oadi ng position UP, while maintaining the positional
relation of wafer table WIB and neasurenent table MIB in the Y-axis
direction. When the operations begin, in 5 the enbodi nent,
measurenent stage MST is noved only in the -Y-direction, and wafer
stage WST is noved in the -Y-direction ang the -X-direction.

When nmain controller 20 sinultaneously drives wafer stage WST and
measur enent stage MST in the manner described 10 above, the water
(water of IiqdP u?%@ﬁ@érﬁ%@&tﬂ@%h@ﬁwmﬁmrﬁmme@m%lwégrmatlon

t d th | 191 of t t PU .a
ot or "W sequenbFAFTSE RoverTouer | Hur BF Frmingy o hESY e papeget 59
- *measur enent of%%lcﬂ MEBqA! chkgré’g[;{]&h&l@% {E?ggg%rﬁoﬁ M e?%é&ggg?%gon

and neasurenent stage MST to 15 InC| ent al

the novenent ahoyematedrebrtiehd griiBnansh vansereyebchablaidVEBrrection
mai ntain the contact state (or proximty state) previously described.

| nci dent ald y, iFf@nAierhovs theswate plsthéefored tire.wafertivdér| irgiird
imersion area 14 is noved over to CD bar, 46 fromplate 28. Further,

20 in the stafertHWEE FOFFRRtEALS FREPRDH IH Pérwaz‘@rc*éﬁwﬁ%m Aa the

position (inclu rot |o fer age
WST) within t 9’5&@ 41%%0@ aée B%"h’éoﬁ%ajs%e qtl & a é\l\?aﬁé %I
stage positi oaow@i&?ot ?JtE:ﬁE.n? Pr rk?éééc?@n'rﬁ'é@éﬁ@énie@ﬁ vhDge S Y BRkI O »
information of the grating pi 25 of the scale and the correction

i nformati on ofathefMri dehsoes Cthllgjnende'FﬁBg,y,O/&nd?OSl QrardD est oehdti face
menory 34, corresponding to the pitching anount, rolling amount,

yawi ng anduntonergnd ﬁ’éldztﬁéspth% 519 vidine t het agBoYBTR Mbaslssd gy 39Y:

125 O et RHE o e wEST SRR RIRAGHEE bE 408 ABHLS O bR T Lk
si mul taneous'ynﬁ%ﬂgiw i ppLh oQiFrf&’i | Qng .ghov aﬁfé tsvﬁ%r Tor epbrom e

state shown in respec rve because t

neasurement ofi ¥edtelorSiR@eh¥Bl fe«x\@éﬁod abbe1 W H) CQM pe %rearmct%rd ped
(and, 70C) will no | onger be possible, main controller 20 sw tches

t he control oénttie Yepssicement avall uhefOZ sehadron/ ff; wafler;, s7ége, \ABH
(wafer table WIB) just before this, froma control based on the

measur enemt  vhPues 390 ¥hefibderation Bictiod) ocan kmcesirpaded kased

the measur er’rent n the measurement values of ¥ interferometer 16. 1In any case,

the control (focus leveling control of wafer W) of the position
of wafer table WTB in the Z-axis direction, the Oy rotation,
and the Bx rotation during this exposure is perf.ormed, 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 (EGAR)) that has been performed
25 beforehand and on the latest baseline and the like of alignment
systems ALlL, and AL2; to AL24, 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



10 values of Y interferometer 16 and Z interferoneters 43A and 43B.
Then, after a predetermned tine |ater, neasurenment stage MST reaches
a position where baseline neasurenent (hereinafter appropriately
referred to as Sec-BCHK (interval)) of the secondary alignnment system
is perforned 15 at a predetermned interval (in this case, at each
waf er exchange) as shown in FIG 25. Theypy main controller 20 stops
nmeasur enent stage MST at the position, and drives wafer stage WST
furthernore toward unloadi ng position UP and then stops wafer stage
WST at unl oadPREXPBEPR ilevIUEh atfats eppafarmasen Het20lX Robsiteippaferred
waf er stage WST, using X head 66 (X |inear _encoder 70B %ggyn in FIG
25 surrounded08§°ae%$?c?%9ﬁrﬁﬁeﬁ= ded XCEDRIMBY 3BBH° JdB%easuri ng

the position i =axd, S 4di j n r i e.li ke
uSing ¥ i nt or for oue e TE A PRSP orBret oo A A oV L

I ncidental |y, pepféhRedt Bt €2 2 aROWhelrd FhGer2bs tdeaMienn $heekphped
in the space between neasurenent table MIB and tip | ens 191.
Subsequentd y, baswsémwhi p Nl¢HsC3.912BnandaZ6r Wai Fuwdherel Eepo20radisst s
the Oz rotation of CD bar 46, based on the neasurenent val ues of

Y-axi s |inearPRREBHRPS TOENEnArdoE faom theneihglr aredyloacaeasi Snesheand
64y2 shown in_F] 26_.surr.ounded by a_circle that face pai r,. of
el or once g AP AGs S Eh TB DA A TSUREER B BYF recbrarenr Ei8ge2?

MBT, respecti ¥gtyaedfh B SQUad14S! $nt BRe HGROME ALY e GPsBbs4E; for
based on the 5 neasurenent value of primary alignment system ALl

whi ch det ect sexafigTencin mark. Wateeat §6.00, 980 611 o/ ithienilikeof
center line CL of neasurenent table MIB. Then, in this state, main
control | €0 20 perf dnsbehersdsdeBEHK chat anesl on iwa ki W h stdrodsesh| hakn
(the relative %cl)sition of . the four secondar{ 10 al.i an%nt syst ens

y f

with respect PORFONERY < igRTELL SsFSEEaM AELYC oYY (r P8EEBnar e
al i gnent sysﬁg@u%i%ﬁ&%4i yobLaLp &E( ' IQL S|y .
nmeasuring reference nar on 85$bar % F%éa %%é% ?Iﬁ(ﬁ%elﬂ%ﬁgﬁl%ng
each secondar yh@lmdHYBREmeRNS kEMuie &6 REGHIt eIk rolst 88 13 tfPH constant
secondary alignnment 15 systens AL22 to AL24. In parallel wth this
Sec- BCHK (i ntealat) anduiavesondaphteareriOs ga yedsSa gearandrtata abrliodTs )
system of an unload arm (not shown) so that wafer Won wafer stage
VBT susperdedtatthgnPoadt perishiown Up K1G .uAPoadBen Ghe neasmrgmepgsstage
wafer stage V\]%I' rhcpvet ,et Xé%' g%cghggagg E)PaéD tbhaer 46 (measurement table
MTB} on the - Y side touches the edge surface of wafer table
WTB on the +Y side. Incidentally, measurement table MTB and
wafer table WTB 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 centroller 20

begins the operation of driving measurement stage MST in the



20 stage is noved to |oading position LP, while keeping a verti cal
novenent pin CT (not shown in FIG 25, refer to FIG 26) el evated by
a predeterm ned anount, which was driven upward on the unl oadi ng.
Next, as shown in FIG 27, main controller 20 noves 25 neasurenent
stage MST to an optimal waiting position (hereinafter referred to as
"optimal scrumwaiting position”), whichadss the optimal waiting
position for noving neasurenent stage MST fromthe state di stanced
fromwafer stage WST into the contact state (or proxinmty state)
previ ousl y degghqsierc?ctﬂzawﬁ@% algPepe Sy Ehagpenat ivar af | iviinghwater

this, i I 1 0 qi d.t i . te f, | d
e DR gt Y EOu L RSP i B BB L MR St o e
In this case, ,hgea il%rgtl'g‘&ﬁ'on”@fsg%gr PéglﬁTBsaHE'n\s\%%eL{Peﬁ%gEh@able

state 5 of belng elevated by a pre rm ned anount, i ng
can be perforped im thehonkipediseeofod i "Rheherhs Wiaed otist Bethg, in
case when vertical novenent pin CT is driven dowward and i s housed
i nsi de t hed watke ¢mpaldimenincimgasuzktngnt F$Gige MIhows mevedabelwhen ethe
wafer Wis | oaded on wafer table WIB. 10 In the enbaodi nent, the
optimal scrunTWalt ¥t PIvi BRET G INELRIT BREAS BPRR 10T a¥ ot Bockirn
above is approg&ig%?il_\é{_sceit acccorndi ng to the Y-coordinate of alignnment

mar ks arrange%l on e ‘all grr?r?erjfto shot area on the wafer. Further, in

the embodi ment, thenRpt i@ SehUBbYRLE 5Y PORITHMR S 19e8L06ds Sgn A
t hat wafer stage WST can nove into the contact state (Or proximty

state) at thespage tW3Ih ankiemeasatfenerst agagdbHsSTt bpstHeomanaker described
al i gnment .. Next, as shown in FIG 28, main controller 20 noves
waf er stadde VEIoY¢orfheoratay piian of Liguid iamegsionoareadrieshown in
specifically, pgsi.ti on where the, forner process of base |lin

moasur ement” (BG: BKIROER (RS BPFREPSS Al SARCTRACS BPEERS Hdt RER ok

measur enent _ | Sy SEERPPS it
Fi'ela (det cctTohoarga) on Bty oo maah g e SRRy hoRas us 4ier

novenent, maim £enkrel bero b ekt ghes mastkencant £ &bl OMmYSklibag with
wafer table WIB within the XY plane, fromthe control previously

descri bed basthie arverestyr eferdafaralstege S roadrnea F0Behant tdtagk- MST sto
direction, Y interferoneter 16 and Z interferoneters 43A and 438 for

the Y-axild ditketi drbigife t hacientalhy 0AUring £heoneyenepagdgven watfer

table WTB and measurement table MTB maintain the contact state
(or proximity state) previously described. Incidentally, FIG.
24 shows a state just before the water of ligquid immersion
area 14 is moved over to CD bar 46 from plate 28. Further,
20 in the state shown in FIG. 24, mzin 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, relling amount, yawing amount, and
the Z position of wafer stage WST measured by interferometer

system 118} of the three encoders 70R, 70B, and 70D.



126 the measurement val ues of at |east three encoders, which are at

| east one of two X heads 66 (X encoders 70B and 70D) shown surrounded
by a circle in FIG 28 facing X scales 39X1 and 39X2, respectively,
and two Y heads 64y2 and 64yl (Y encoders 70A 5 and 70C) shown
surrounded by a circle in FIG 28 facing Y scales 3911 and 3912,
respectively, the stage position inducedirror correction information
(correction informati on obtai ned by formula (10) or fornula (11)
previously described) of each encoder corresponding to the pitching
amount or rolling dMRmtaiep szageyiidi ard appanrensrlt shadg Msdsa1e aRl vEn

i or mat o oF ‘TRECGHERT Y pPLLHPB Q”Efaﬁgér?c%?a%%ﬁwévﬂqe GRERSERo£2
i nformation O%r&ﬁetr‘(@@tﬂe tsk}'l%u?% grl f Zhef'ev\i#?éc}]ﬂfv%g%érglekgﬁséo

performs the torner process of

is detected usbagt Phh RIS @lcin@REEHE u@f@treatégé-wsﬁt (aiEsr pRiite WIB) by
time, neasurenent stage MST is waiting at the optinmal scrumwaiting

posi tion descY¥iércoddoVvEA Nextd, VIRC) ewidht nol 1omget e posistibdr, ohain
waf er stage WST 20 based on the neasurenent val ues of at |east the

three encoder SORNEP B 200PKEEEN®R Ghf 6PRAEPOOHEDEr ¥ AP HbGe anfefhe
con ol 1 20, Doyl AL BRI o LR PAGR MELL! A et gere
three first aihgonmestoshot-AReas %‘é‘éeé%ﬁcéﬁé’ m@a’% uddeRn L We R et Sf of
stage WST reaches the position shown in 9, main controller
stops waf er sémgeddH.70X iaond t7QCt Bbsa ﬁamm@l)rﬁarsﬁd &hn 2ﬁeaﬁéa§a.f@ﬁent
(turns on) Z sensors 72a to 72d at the point when Z sensors 72a to
72d begi A t ovadies e waterfenpnetesrE opngt 2t et gnfianonsdesse 4 3Anand
reasur es 12743B. Then, after a predetermined time later, measurement
stage MST reaches a position where 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
exXchange) 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
39%; 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, main
controller 20 adjusts the 6z rotation of CD bar 46, based on

the measurement values of Y-axis linear encoders 70E and 70F



the Z position and the inclination (By rotation and ex rotation) of
waf er table WB. After wafer stage WST is stopped as in the
description above, nmain controller 20 detects the alignnent marks
arranged 5 in the three first alignnment shot areas substantially at
the sane tinme and also individually (refer to the star-shaped marks
in FIG 29) , using primary alignment sysgisem AL1, and secondary

al i gnnent systens AL22 and AL23, and nekes a |ink between the
detection results of the three alignnent systems ALT, AL22, 10 and
AL23 and t he feaSigenedbyyiheass(hbasined fédnt shakioekn dilfer2q Ferrounded

correction according to ch correction informati on) of at |east the
t hree encodergya%o‘ff&%&e tﬁﬁ‘é‘t{ %ﬁﬁeo‘—l‘ Réner (Tgt EELEBANCE A TSI *EhBh 1A

t he internal [ LRI Eprai N i ren
the snift 15 Ter i sBnekiel iy AESELLRLLED, AdRiusry S bR IART? Mno
nmeasurenent singe ABfusigl Rl &y Plordei¥8ToEscr ot ef@d Kalseldhen the
position where detection of the alignnent marks of the first

al i gnnent Shaheaseasmerst periuer med prandrir @hi gimentp esigtieon ALdaiwhich
control ler 20 begins to nove both stages WST and MST in the 20

+Y-di recti on {eEept E0EREARCE HRAKD! LA PRA PRIV T he decd@ditypt center

|| din fi d ali t shot inth
Contact stat e U8 G o8 Reegesries The, B 00 TERR R TS Shvend
of both stages, ol Ak MpT okl £bbfis ﬂt\ﬁé"s*e"cQFbQR ( Pt SEAV 157, E}n@chzl_gne

main controller 20 begins irradiation 25 of a detection beam from
irradi ation syssemdda(tfe g amibei posbt idr o dmmiia se8htakowar d

waf er table WIB. Accordingly, a detection area of the multipoint AF
syst em i ¢0f orakiyroreafars tesl @ itBreFhent whariretly siligoseWBTsasiem
VBT reach th%&ﬁf?igg(%%e %ggr secondary alignment systems AL2, to ALZ, is
obtained by simultaneously measuring reference mark M on CD
bar 46 located within the field of each secondary alignment
system, respectively, using the four secondary alignment
15 systems AL2; to AL24. In parallel with this 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 unloaded, and
also drives wafer stage WST in the +X-direction so that the
20 stage ismoved 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



shown in FIG 30 during the novenent of both stages WST and MST in
the +Y-direction described above, nmain controller 20 perforns the
former process of the focus calibration, and obtains the relation

bet ween the neasurenent val ues (surface 5 position information on one
side and the other side of wafer table WIB in the X-axis direction)
of Z sensors 72a, 72b, 72c, and 72d, in gtate where a straight |ine
(center line) in the Y-axis direction passing through the center of
waf er table WIB (substantially coinciding with the center of wafer W
10 coi nci des With wiffeai ghege W .L VIppadadusilywids chilbednaiamdonheoller
detection results (surface position information) of a detection point
(the det ecti of®Fbi S PoEHIRING KO HlFEnY S HREL Odnt drradh@bhg et shown)

plurality of det i on_poi nt .t he syrf.ace of. neasure pLatge 30
bt "the mil Li peert 9 Syt Esed sonp Rt B RnT BRI R R il gfns
i mersion aregadd, ibechesahrd-tikal h wenfen § i 6F _i%ﬁﬁai@%éi@{in%ftr@sz@%fe

46 and wafer table WIB. Mre specifically, liquid imrersion area 1

is in a stateof uséibheferevdtted dbypaspeddovermimedadmeruritablva f¥EBLb& Ohg
CD bar 46. Then, when both stages WST and MST nove further in the 20
+Y-di rection @ailke perapamad gl ehehebhigstodt of & ifner when daripayed with
state), and reach the Bosition shown in FIG, 31, the alignment nmarks

arranged in t HRSfIARE ¥BEBAE T AYemeRt PAReGt i drigeRQugward and
bstantial | y, at £ i.ndi Vi Ll t
Star- chapod e KA TEeR Tl RS wiEeb ARAST: LRIV C el P

ALL, and AL21shewAl24s @ik aHdrk vagerare: hel yeesy tde Jateecthse WrB.
results of the five alignnment systens ASA, and AL21 to AL24 and the

measur englft val ues Imedsuerirediment udheabpéimi hes cxum ectiitdngapesidiag
to each correction information) of the three encoders 70A, 70C, and
129 70D at t hef tieaswienand géreetidh refrrretokePPove He PrRPEPRALatelY
menory. At this point ..n ti ince the X head.that faces X scale
30XL and is | SERCCHOA O GHE Y0 AAMEhe fb gRPe i Shnoed
whi ch passes {0rough (MRl GalbraXisa06n PERL 8644 ON SFAPEAEA! SYSLRM
PL does not exist, main controller 20 controls the position within
the XY pl ane efbo@iment abhe WBidesedran Tae: ifRppdceRoh Valkdeesdell 26
head 66 facing X scale 39X2 (X |inear encoder 70D) and Y |inear
encoder s 170A it 70 e Ass Haged @S8r icbadmabevent¢ rthchecoarscdi weate {be

posi ti onal o L.
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
interfercometer 16 and Z interferometers 43A and 43B for the

Y-axis direction and the €z rotation, to a control based on



10 informati on (two-di nensional positional information) of a total of
ei ght alignnment marks can be detected at the point when the detection
of the alignnment marks in the second alignnment shot areas is

conpl eted. Therefore, at this stage, by using the positional
information, main controller 20 can 15 performa statistical

conput ati on such as the one discl osed |q]§ g or exanple, Kokai
(Japanese Unexam ned Patent Application Publication) No. 61-44429
(the corresponding U S. Patent No. 4,780,617) and the like, to obtain
the scaling (Shetmemsgicnierdt vohyesfofvateledyt dmdeeannaaferst, whdch are
optical 20 proEertl es of projection opti cal system PL, such _as for

exanpl e, the BFoj%kth GRENAGHITA SabPRfE &fy (EMISATTNGOBARR] O nélh@wn
d 68 (refer t 6) based hot fication wh

been conput eq  HEPTRITERY U8 FELS R BHF 2P ot HE R OCae ST Sperts 83 %er
proj ection opiigabeSyd M Rlng Qb 25n8X46MEAR), Qxddéayl Wét éneeaékng@i

novabl e | ens that configures projection optical systemP

changi ng dgas aneIoan esticgwraguistndgdd bohaobesl d onrred . bes \ﬁleelng Y scales
particul ar | enses that configure projection optical systemPL or the
| i ke. Further32%f ead Ik, sresipechemnisy dehecittage pbsiheon 1i3guced error
al i gnnment mar ks arran%_red in the five second alignnment shot areas i

conpl et ed, mafRTESTt Ilé?fof@a&&ﬁécaﬁﬁ?ﬂtmmmaﬁlpﬁeomamed by
ot on Phohoth PO VELTd 18T, | SR MR RBo (B oo
using Z sensogScddér b@rzagp@mu%ﬁ@omﬂetpp@émngﬁgmwﬁt %ﬁ_n;{&Q@«_ngggd@aunt,
si mul taneously, as is shown in G 31. hen, when both stages
WBT and NBT raed lyavhegposiunitemdihé 2o sit iveastivefients talhatWs Bcasured
| ocated directly bel ow projection optical systemPL shown in FIG 32,
mai n control | gy interferometer system 118, the correction information of
the grating pitch of each scale and correction information
of the warp of the grid line.
Then, main controller 20 performs the former process of
15 Pri-BCHK in which fiducial mark FM is detected using primary
alignment system ALl. At this point in time, measurement
stage MST is waiting at the optimal scrum waliting 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. Priox
to this, main contreoller 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



10 20 perforns the Pri-BCHK | atter process and the focus calibration
| atter process. In this case, the Pri-BCHK | atter process refers to a
processing in which a projected image (aerial imge) of a pair of
measurenent marks on reticle R projected by projection optical system
PL is measured, using 15 aerial inage neasuring device 45 previously
descri bed which has aerial inmage neasuremgnt slit pattern SL forned
on neasurenent plate 30, and the neasurenent results (aerial imge
intensity depending on the XY position of wafer table WIB) are stored
in the internghenénpeyition tdnd Hhreodesdingticd {($e rigitdonednidnfige of
the pair of neasurenment pmarks is peasured in an aerial inage

measur ement op8FaET oM 09F tHRE S itePd€alTRet hod, using a pair of aerial

i mage measur enment i at.terns, SL imlar_tao the nethaod disclosed

00 S Pat et Apat S PSR e N R RS B0A T3 P nESEReECLom
like. 25 Furthgbyel @ ihasdis LAY A5 HeBebes tak é’lri%ﬁ%%t_rxﬁ‘ffﬁ{ssaEPaé’?ed
processing in whi ch main controller 20 neasures the aerial i mge of a

nmeasur eneri  manktHeortherdeofi Astrarld gpimehe et adeasnjubstietilley Rtothe
on reticle stage RST using aerial inage neasuring device 45, while
control ling t8aempsdimeiad alsa indxvpdezilvhiyeber wodsa ehart Sipinadmaoks
(wafer table WIB)_related to the optical axis direction of projection
bt oal | oust et IS pSbn Sanne R IORMAL D FOY SKE Tt Sl ot oo oY
table WIB (wa r S 128,44

and 72d, and %ﬁie%%n%glgtf\r(}g?e{n%gﬁ%%stgggg%%%'p%g(??ﬂ[a}r?so? ]blr@?ggtzlg’%ﬁnsthe

opti cal systefePbcbaseduIlthe ofeass MRy aflﬁgbl_}nbﬁt agssdvarinn kt.&,
32. The neasurenent operation of the projected i mage of the

measur emgrt nan® Al:dirst ltbsenkd sy rerentexalpd e, (mebeupanpht otalokes after
I nternational Publication No. WO 10 2005/ 124834 and the |ike. Wile
novi ng neasur BRR M0 GH1estd 0B0arROFRAENY -tk ied chi ¢eEF ¢l omdind ogBatien) eof
20 takes in the,neasur.e t val ues, of sensprs 741.071/40 761, 3., and
762,31 n synchi GNFoR TGNCRFER FRETE oI AP T HoR BT T 0T Gheis Pens ab i
| mage measuri fgg devd 68 Ahem N8N+ nERY A £PRLT Hdiffr 20 Stores 15 the
val ues of Z sensors 741,4,742,4, 761,2, and762, 3corresponding to the
best focus positi oRoin gphejdaidrdptaphi advesysi € e RnkboiitheRe Myhe §Moft

shown). Incidentally, the reason why the position (Z position)
rel at ed t1& t hieo dpiei camtact stdkeetn provimpt viséeted betdacanesyeremarrl
of neasurenEnétggéuﬁgéﬂgéamig%%r stage WST 1s 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



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 imrersion area 14 is fornmed between projection
optical system PL and neasurenent plate 3Q (wafer table WIB), the
measur enent of the aerial inage described above is perforned via

proj ection optical systemPL and water Lq. Further, because

measur ement pkhoen3n HidE. _BBZduhfend;itkle awwemestabf dobtin stafges ¥8Agend
WST (wafer table WIB), and the lig recei ving el ement, and the_|ike

are installed”Ph h%é%ﬁ%éﬁbﬁﬂr§95§%ﬁPﬂ?ﬁcqﬂ¥§dnéagﬁ?eﬁﬁﬁﬂlGPnFﬁélééFl%Q
i rage descri bed bove |s rforned whi | e nt aj t he tact 5

Clate (or proSPREPONE, it RS o Bk CaF Tt ShAt D dalioRBR1BE 2o
MST, as Shomnobﬁafigﬁﬂﬁgrefyti&?b%%@%@ﬁaﬁﬁgheggﬁﬁéhgﬁg1@99%% (surface

nmeasur enment val ues (nore specifically, surface position informtion

of wafer tabl podIB)owfinfcsensabs Jdtbnd side, #hd the, Sthandide? o8 wafer
corresponding to the best focus position 10 of projection optical
syst em PL ar et@biaWf&dinitheaXstute dilnectionk oft Laqgsodsi hea iRk, 72¢,

center line) in the Y-axis directjion passing thraough the center of
vafer table VB cbrhcided iiestParghe PO pridi dGEryedeltrt beth

Then, main co I e f r

al i gnnment sys?}%%l %Esbasegﬂggﬁﬁﬁe reéﬁﬁgggggﬁﬁﬁl %ghégiiﬁi (ﬁﬁﬂﬁable
process and tRerr esubdisardfiaing BoknBCHKng afied fHOR:T Heser khedr w)
above. Wth this, based on the relati on between the neasurenent

val ues (suixf ac@:l.qn@sdets ghthnftorangthitobimé Livapesvialdley YRy ritbed, sadsdres
72a, 72b, 72c, and 72d obtained 20 in the focus calibration forner
process descr@%ﬁﬁpﬁﬂﬁﬂuiﬁﬁﬂitﬁhéSHéﬁé@?lB%S¥%%ﬂﬂt%ﬁﬂ?ﬂmaﬁ&@é)p@§|@lon

i nformati on) t he sur ace of , neasur enent

d
e 30 of tfeedarid bEabt Al B uetaeloon D) Po&HEd 1B Seatarafdhe
values (nore specdf aabhy a pHL2E8 PO HbPBCt MEQIRLIEQN Af t¥Rf Sirface

of measurement plate 30 of themultipeint AF system (90a, 90b).
15 At this point, liquid immersion area 14 is located in the
vicinity of the border of CD bar 46 and wafer table WTB. More
specifically, liquid immersion area 14 is in a state just
before it is passed over to wafer table WTIB 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 ALZ4; and a link
is made between the detection results of the five alignment
systems ALl, and ALZ2; to AL2, and the measurement values
(measurement values after the correction according to each

correction information) of the three encoders 70A, 70C, and



25 table WIB) of Z sensors 741,4, 742,4, 761,3, and 762, 3
corresponding to the best focus position of projection optical system
PL which are obtained in the focus calibration |atter process

descri bed above, main controller 20 obtains the offset at a
representative detection point (in this case, the 133 detection

point |located in or around the center, amgng 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 ori@gPh & dhet hamendf ithei detdEt syt emd Bberesapltde bytamal
optical nethod so that the offset becomes zero. In this case,

fromthe vi eWPBIMEY of AtnEPé%i RS RFridLdrHBer, SoRFY B Hhivessshag Fices
the Fri-BCHK latter cess, descri bed, above_and the focus, calibyation
latter pr ocesgé Sccaaﬁlebgégérafngr rln?d,foi‘.i‘feodr Of‘hggfﬁjo%é%ﬂrl_élec lrﬁ)%éeo St
the next procgssiagi v ! RAYEN RRLLRENIHIG RE! M PEREEEST BG4 sASE Brifid€ion
of course, in the case the Fri-BCHK | att'er process is not perforned,
the Pri-BGK $pties]l pyetessPileses et egdsl, aiaial sontdeeslept2ohayett®l s
be perforned, and in this case, main controller 20 only has to 15

move waf er stEie RUSE ool bhdn e &di plome I geseri bakle NG based on

position where the alignnent rks arranged in the first alignnent
shot areas aré‘%@?@éflﬁgme?ﬁc‘fiaggﬁ?éﬁ]§/,heiaa QW%XPFP;B%%%E r

s notperfor fedyd ey ASeliNG Wbl ! S, ORASIL b0 SRl | ar

operation just e exposure o a wat er exposed earlier than

waf er W subj ect to pexposidiserkbede@bvelUid BRE entRA ke , ftfdiSositional
calibration |atter process is not perfornmed, simlar to the baseline,

t he best lflocusnpomgidtiiom ditwordieehsbdnonapt pesltisystlemnBormhkdhn) sof a
measured just before the exposure of a preceding wafer is used.
total of eight alignment marks can be detected at the point
when the detection of the alignment marks in the second
alignment shot areas is completed. Therefore, at this stage,
by using the positional information, main controller 20 can
15 perform a statistical computation such as the one disclosed
in, for example, Kokai (Japanese Unexamined Patent
Application Publication) No. 61-44429 (the corresponding U.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 ﬁagnification, 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



25Incidentally, in the state shown in FIG 32, the focus mapping
previ ously described is being continued. 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 tiht position, while also

maki ng nmeasurenent stage MST continue the novenent in the
+Y-direction. Then, nmain controller 20 al nost simultaneously and

i ndi vi dual | y déieerents ndrkslargpamgetl aar kee af remgetdnd wléghnert t $hotd
alignment shot areas (refer to star-shaped marks in FIG 33) using
five aIignnen?r%?%ﬂéhﬁoﬂﬁieéﬁﬂrAM?E‘Fengi?h%e¥i%?kgt?ﬁésd%F%%%WGWﬁment

results of five .ali nt_syste L1 and AL2 0 and .t he
reasur ement Vil GBS SF Gt 7 8o i BECR i iees Po Rt FRTeR < partase
after corr eCté@&‘t@Y&}c&a?Qoﬂﬁmp@? SUEBG LA ANiQMBLION ieseibPed the
previously out of the Tour encoders at the tinme of the detection and
stores theém i flothe nappdmealisiagoE yseronshi72apebnt2d rarid rehe bet{eeitse
mappi ng i s being continued. Meanwhile, after a predeterm ned period
of time fromAhsySesudplasi WP lof imuflspnerugey WSE desehowedrabdGe,31.

measur enment stage T and, wafer stage WST. _noves fromthe contact, .
state (or proximty t &Pepnbath %tgadﬁr%ﬂisgnag T T/AEY TREVPRFLFIRD

the separatiop Siahe, Me%s(fﬁ‘%&reﬂlt@i 29 %4 OP{/#E%EE%V%@E&% below
nmeasur enent stage when neasure n? st age
projection optical system PL shown in FIG. 32, main controller

10 20 performs the Pri-BCHK latter process and the focus
calibration latter process. Inthiscase, the Pri-BCHK latter
process refers to a processing in which a projected image
(aerial image) of a pair of measurement marks on reticle R
projected by projection optical system PL is measured, using

15 aerial image measuring device 45 previously described which
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
Application 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



20 reaches an exposure start waiting position where neasurenent stage
MST waits until exposure is started. Next, main controller 20
starts to nove wafer stage WST in the +Y-direction toward a position
where alignnent marks arranged in three fourth alignnent shot areas
are detected. 25 At this point in tine, the focus mapping is being
continued. Meanwhil e, measurenent stage T is waiting at the
exposure start waiting position described above. Then, when
waf er stage WST reaches the position shown in FIG 34, nain

control |l er 20 (Espedialet )y ostmepsurehentyilage 30 35aVET tatned WIrBOsElated
si mul taneously and individually detects the alignnment marks arranged
in the three foutht @ptigremxishdirgceasnont vefareaiQneptical system

star-shaped marks in FIG  34) usin ripary alignment system ALl and
secondary ali Bﬁna?ﬂs SPehie 55uﬁ£?§%aﬁasﬁf?%‘? 1 E@af:%no%%( é’@tfPGntg’le
results of th | i A 2 th

measur ement vg?‘%egw%'?égfg{aegg%?fs?ﬁfgggéﬁg%e&?%e%%ésanggta’vz Bes’ %
after correcthifd Pyd} heh&AnECheaRureEotABL O MHuLhpdheibaubs
encoders at the time of the detection, and stores themin the

i nternal nenopyojdét MrsophicehisyspemiL bas¢d we, thdmwed setmnarappesgl i s,
bei ng conti nued, and neasurenent stage MST is still waiting at the

exposure star®SveireThgpdsiG-i G4.- THeR, MeATURENEHE geesation PEsthe s of
a total of 16_alignment. marks d the neasurenent, val ues (nmeasurengnt
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controller 20 conputes array infornmation (coordi nate val ues) of al

t he shot 1ar eas0®F/ V834 Vhdntlte AdXMedi N\ £1 & Yrivive ig( Hes s exemg e plafe X0
coordi nate system whose origin is placed at the center of wafer table
WIB) that 20 i® tet Dyrrise digsstionennaixesomfrallef Gir tekesdénsthe
usi ng the EGA net hod discl osed in, for exang e, US. Patent No, ,
4,780, 617 and"$FTGHREE N@xbest f SGREPHE I et 20 Yeont ¥ Bues Atk TP U

mappi ng synchronization with taking in the output signal from aerial

image measuring device 45. Then, main controller 20 stores

15 the values of Z sensors 74,,4, 7T42,4, 761,3, a2nd 762,3 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, 72¢, and 72d is because the focus
calibration latter process is performed during the focus
mapping previously described.

25 In this case, because liquid 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



whil e nmoving wafer stage WST in the +Y-direction again. Then, 25 when
the detection beamfromthe nultipoint AF system (90a, 90b) begins to
m ss the wafer Wsurface, 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 | atest
baselines of the five 136 alignnent systgnms ALl and AL21 to AL24,
and the like, main controller 20 perforns exposure by the

st ep-and-scan nethod in a liquid i nmersion exposure and sequentially
transfers a reheclikeatreeinstalbeglior abifey sfagh@STaleafentahdieWTRY,
5 Afterwards, siml|ar_operations are repeatedla/ performed so as to
expose the refBAntRR Wl Lemaiifiinct géemept and thendike gescinpedalied

detail ab . di t t 100 I d to .the,
Selan) IOV, ASERLALAR S, FHE U, SR A0SO s
control l'er 2040easipes 4l elQ PO ELORAY LR P8 %ﬂﬁﬁi&&%ﬁolﬂ%”goﬁb&t

Oz rotation) of wafer stage WoT"wthin the surface venent

pl ane) parmal | etate (diepXdxphine shytbhree vigadss{fncadersnd mehkahedént
| east include one each of an X head (X encoder) and a Y head (Y
encoder) of theagndder asysitam 1FRK;. Badsedwhihehreanasmmsntedescribed

results
above, measurement values {more specifically, surface

position information of wafer table WTB) of Z sensors 74i,4,
143,54, 761,3, and 763,53 corresponding to the best focus position
10 of projection optical system PL are obtained, in a state where
the straight line (the center line) in the Y-axis direction
passing through the center of wafer table WIB coincides with
straight line LV previously described.
Then, main controller 20 computes the baseline of
15 primary alignment system ALl, based on the results of the
Pri-BCHK former process and the results of the Pri-BCHK latter
process described above. With this, based on the relation
between the measurement values {surface position information
of wafer table WTB) of Z sensors 72a, 72b, 72c, and 72d cbtained
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 (90a, 90b), and the measurement values
(more specifically, surface position information of wafer
25 table WTB) of Z sensors 74i,a, 742,4, 761,3, and 76,3
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



15 of the positional information and the positional information ((X
Y) coordinate value) in the novenent plane of the irradiation point
of (the neasurenent beans outgoing fron) 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 pvg% whi l e conmputing the
positional information of wafer stage within the XY plane using
the affine transformation relation. Accordingly, it becones possible
to control théetevebemtpaintvdficeatetage YWETawbiind gdod qeneeirsi ano2g a
while switching the head (encoder) used for control during the
movement of mag@ra%%%.‘gevﬁ/\stptel@lﬁg pPRENEHL odertiy studiniped RGdRRgs neksm

its 62A t t I h I f Y heads_64
a bl ural 1ty of S0P hoall) 66 UrdAsRert Socorai Mert G esfoRoey SARaPa s
100 rel ated tﬁaﬁig’%tfé}f ?@891 mpﬁi. nd Qdfﬁﬂg ltﬂg c}&?eétqton or:l.g:Ln

pr ocessi ng in st age I’I ven; such as

during the staft-hepmeiti r&pﬂ@rs’#dt%m,aﬁo@%@;aﬁblé $8F beSoffical method
calibration of the encoder systemthat neasures t he posi ti onal

i nformati on S5softhelf erhstafesaetEbecomehezé®o pl ane, the calibration
process of the head position previously described is perfornmed for
each head. Mre spedi Fhéﬁlcla?effﬁﬁo%ﬁléﬁVﬁéélﬂoéﬁttqfelré?i’é%‘ﬂé?g EhEpeghrut,

mai n controllerlZO acquires qgntfggi £ 05|t| n_or..a Yy
Position of varss rtsgeobEss fud oy oAt Por 1o narer kg
WBT at a pred@ﬁ@&@bﬂ&%ﬁ%&%éﬁ§céﬂlﬁfﬁtf@ﬁEEE@@r§99cés§%%§ﬂ&§ﬁ§9formed,

value of the rotation angle of wafer stage WST In the XY pl ane
i nterferamet esr sitsd @nckk8urandahasste omn t;betneasememtce\sahugs;mmbut
the rotation angle (9) of each head that has been acquired, conputes
the 15 posi tipelfoimirg hath orogkssheg nedsur owbhierindapewnie 1 &0 tﬂ‘llecﬂ'ﬁse
the head in a direction ortho%onal to the neasurenent direction,

speci fical |y, "RorP et &S BFafeey bF PhasdLoensd. 6ale, P%%y%SHK
of the e_ncode§ ][sr% L €586 snd%%E:EBIa%ieé?gfth%ﬂ esdoe@enotpf{%bé £0abe

information o e Irradiation poin asurenent eam and

for each of therfdifad, Ta‘x‘ldoﬁ_nxtﬂi'ﬁ@d:%s@@’ mﬁ&hncsﬂﬂfépiélerzﬁgn@9my§e@o
the Y positional information of the irradiation poi nt of the

neasur emndriit  beeve wifien, strmerWIditonl bedi 2 peisdtésnilifeds svfoiheat eanl ier
t hat has been conputed, along with the design positional information
rel ated to t Heo ZEPRBAELPRARRE edt e tliignmentt harks pEgRagrenipshat fbyst

the measur erregilgl?r?rr?erplg g{:lo%aacrheagegge Idrc'atectedy 3Inc1dentally, in the case
Pri-BCHK process 1s 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 the baseline, 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 +¥-direction

of both stages WST and MST in the contact state (or proximity



And then, when driving wafer stage WST as i s descri bed above, main
controller 20 uses the positional information in the direction
orthogonal to the neasurenent direction of the 138 irradiation point
of the measurenent beam of each head and the design positional
information in the neasurenent direction of the irradiation point of
t he neasurenent beam of each head storedl i4n menory 34, and drives
waf er stage WST 5 within the XY pl ane V\/m3I e conputing the positional
information of wafer stage WBT within the XY plane using the affine
transformati oatsed pldedrribed abotel wadh, comt 1ol 2Ol $€dp L FaFeirt stage
an encoder (ahead) used for neasuring the positional information of
waf er stage 168STW&TE thatrosiyignanehilomlependfinhucansoepent ¢itaghdisT

t hree encoders to. ano';g}‘er encoder, ,so fhat the %)sjti on_of wafer
stage WST wi t FPPEHHES X 5 IMGTEMeE tndPnt R nE PefUrieTnd GRERr B!

swi tching. Be InS I eh d

the control o‘? t Jgogic)%% ? ioo%lrgz#éevg# g?%?ﬁ%‘@%@?’%@%‘gnﬁe@ﬁﬂz ?%%Ié%ts
the position ehe \aqfi%m%mg@amTa\f«irghEedtihﬁt%é’ - RANehi 8d A ifreR@dshot
before and after the switching, which nakes an accurate |inkage

possi bl e. Accarehmglnefer tresdresshepstbherks irEIGlval3en stagg Y\Sie

t wo- di nensi onal |y, precisely along a predeterm ned course, while

per form ng | i®kEgenent ratsheas ALpl ardl2h2 6P BhéodddsksFgnenhdptection
according to ex ure apparatus 100 _of the e di nen in case_.of
Tovi ng vt or SIRURREF TS AhOABERE TR PUC TURA Sy ALZs AR THE
exanpl e, the Y;.axi i i at, £t i I r

exposure, mf%?ﬁ%%nggargﬁq\?\é%%fss Bg r ?ge%éfg%t %heel% %)r?lc?dg ??gg{ﬂ%%ﬁ?r%maesnetd
on the nmaasuresBids kit erirbred tabnidice £66 edethSyst & tivh Lh€ormation)

positional information (including inclination information, e. g.,

rotation infolestiidred prerecAskydiuteciti bhe Hfumahepdsraget WHE thma of

direction different fromthe Y-axis direction,, .
the detection and stores them in the internal memory. At this
point in time, the focus mapping is being 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 +¥-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 is 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



139 the characteristic information (e. g., the degree of flatness of
the grating surface, and/or a grating formation error) of the scale.
More specifically, wafer stage WST is driven to conpensate for the
measurenent errors of the encoder system5 (encoders 70A and 700)
caused by the displacenent (including the inclination) of wafer stage
WST in a direction different fromthe Y-axi s direction and the scale.
In the enbodi nent, main controller 20 drives wafer stage WST in the
Y-axis direction, based on the neasurenent values of encoders 70A 10
and 70C that Wehsuarel pdsiostoaahul tdozodliyoandf indfetdsldge daBecta ehe
predeterm ned direction, suchastheY-axis direction, the stage

posi tion i ndugbHIWReRS Negrhice BEFBRIPAT BT e 5Hr€?h%°‘é1€5q=1? aédtigppent shot

Lhat Cor r aopoRtRTE 6T NEE BBl LForet Lot RIS b RSt B Ca CA)o s
in a directiog-fdhff aqq_tgng@ng'éf%én@ﬁlﬂeﬁ&i%‘%c&)ﬂ? gzasureman{t systems

di rection) fromhe -axis direction at the tine o or

exanpl e, tshe po3] khan@l.24, nf onkpatimendetewei ef risage sWe dHrdehel egnment
direction, the Oz direction and the Z-axis direction neasured by Y 20
i nterferonet esydeerhdhiZd i Aleef endrdidar adgAt edneBBinsmentt gpfleeonef ext
system 118, the correction information (the correction information

whi ch takes iht&cdhEit8e?REPSRrY HEaRETERARE A 1esr BETRF FataeREden R
e Y racrd) Phe KO0 Beb B Plof [ 36710, A0, Dectiiendan
manner descri ’@ﬁﬁ’e dBOMEe detageidhl U LYELLER Je%/éml £n €881 d:61h] RaRGE .
on the neasurenent val ues of encoders 70A and 70C whose neasurenent
errors ofllenchlss at AdA sapei ) Cnchienet, ocHehEoced abppéndiispbaireneatt iued,
scal es 39Y1 and 39Y2 and Y head 64 in the direction besides
and measurement stage MST is still waiting at the exposure
start waiting position. Then, using the detection results of
a total of 16 alignment marks and the measurement wvalues
(measurement values after the correction by each correction
15 information) of the corresponding encoders obtained in the
manner described above, main controller 20 computes array
information (coordinate values) of all the shot areas on wafer
W on a coordinate system (for example, an XY coordinate system
whose origin is placed at the center of wafer table WTB)} that
20 1is set by the measurement axes of the four encoders, using
the EGA method disclosed in, for example, U.S. Patent Wo.
4,780,617 and the like.
Next, main controller 20 continues the focus mapping
while moving wafer stage WST in the +¥-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 1in 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



140 the measurenent direction, the grating pitch of Y scales 39Y1 and
3912, and the warp of grid Iine 38 have been corrected by each of
correction information, and wafer stage WST is driven in the Y-axis
direction. In this case, the count values of 5 encoders 70A and 70C
are substantially the sanme results as when an ideal grating
(diffraction grating) is neasured with i deal encoder (head). An
ideal grating (diffraction grating), here, refers to a grating whose
surface of the grating is parallel to the novenent plane (the surface
paral l el 10 talifemedvt psysiesmofAltlhaenst age; amd Ale2;a endptiet elikd,| atain
surface, and the pitch direction of the grating is parallel to the
beam of the i APREFREbIRtE) PEAGOLRE @rmsameebwegmeﬁtqm@@ﬁs(@am Hekhed
conpl etely equal . ‘An i.deal encoder }ghead refers to an nc%der %head
whose opt i cal i S A 5L ABBRAPER S7H%F e 218 REVRRERe BA ke paRaTe

XI plane) of the:siags.and.phose Gauabi¥aluse Seotdreiange ket w.

di spl acenent, |eveling, yaw ng an Further, in the

case waf ers st agee Wrdrds, noMed a:m obleaXiank Sath residHivdIMaberf6kAge so
WST is driven in the X-axis 20 direction, based on the neasurenent

i nfformati on ofsthe e¥xpodertisyseowmintihg pasers ondthimftdrendoiton
(including inclination information, e. g,, rotation information in
the Oy direction) JFS w&f SRSSEHRA WBTAPRA 4L @hover| BRCOTR1RE &9t SXPORRES
t he X-axis di i haract.eri stic .inf i <a.,.1th
25 degr o6 of PPSTHENS ot ketgf Al 88 Gl PbBRAF Ori e Bratend WA Ife

formation errend it tikepeebeprdbELsshealincabhyroWBéLroshidg8ued 15
driven to conpensate for thé measurenent errors of the encoder system

(encoder sL070Bpasilt /6131 cafeethalhy ohheéinktbpdiacembet 6¢i netatdiony tliewafer
inclination) of wafer stage WST 141
stage WST within the surface (the movement plane) parallel
to the XY plane by three heads (encoders), which at least
include one each of an Xhead (X encoder) and a Y head {Y encoder)
of the encoder system. Then, based on the measurement results
15 of the positional information and the positional information
({(X, Y) coordinate value) in the movement plane of 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



in adirection different fromthe X-axis direction. In the

enbodi nent, main controller 20 drives wafer stage WST in the X-axis
di rection, based on the neasurenent val ues of encoders 70B and 70D
whi ch neasure the positional information of wafer 5 stage WST in the
X-axis direction, the positional information of wafer stage W8T in a
direction different fromthe X-axis direction at the time of the
measur enment (non-nmeasurenent direction), such as, for exanple, the
stage position induced error correction information (the correction

i nformati on lbhatamtdodimendnpot Bole by $oxmmbdrey €hé)lqr evbodssing in which
described) that corresponds to the positional information of wafer
stage WST in VaEeBypsHIRMSToAs SFLveR e @i asandor exarde s diici-aat Hom

measured by Z jnterferqg ers 43A and 43B of interferoneter stem
118 the ot SETTORIR o EHe T RRR (2 3P 1c 81 RF iU S185F HE DHACP ORDRAE LA

takes into copsider a1l Qi OsUORYRNNGSS 020788, Ao (L ALALOI) Olml pEorX

scales) of the grating pitc cales, a e correctron

informati gn obftiheravarstQf @srdihite X% phahbe %é%@l@%xa‘tfio’hhgrocess
manner descri bed above, stage drive system 124 is controlled, based

on t he neasurefientte 2zadinres. tdneproditoss TPBlenmwh iH3d vilsoperformed for
measurenent errors of encoders 70B and 70D due to the rel ative

di spl acenent ®ACRABEL 3YKAC aFRE FURLHAY X TREaB2EH B9Pd I9E GRPeBRERLT
besi des t he ngasyerrgrrenti dicr egti ?? t%g a%r at. i ng %i tch of X sﬁgal gs 3?X1
and 39X2, and°¥he Warls 8 CGPrE°LT 7B NeThBeh THHTETEY by 2edeh' Y5
of correcti 0“},{'{5’6@'{{@51{ b aa'?dp\é@ftﬁﬁoﬁt&ﬁew Ir 'sﬁ:a%re' V@R ! Brt PRe head
X-axis direction. In this case, the count val ues of encoders 70B and
70D are substwindn atdtatiihe saferr esaddé s avhenp aadétlealigydbngde o in
(diffraction grating) is neasured with an ideal encoder (head). 192
Accor di ngly, the petaneEnep@ssi Bl mersudenert vieflare sifagbe\\8Ptatioy amgle
encoder in a desired directjon with good Ereci sion, without being

af fected by tfe Yi%h SFEIROIPON R 1t FecPl oS Rof nett SrrgRopREer system
direction (me P! gggrbtas%df'frg %bgga%asgﬁ%q{%ntﬁg?ﬁusesaggd ?:ﬂt%hlsocc%lt%.loénoargﬁ_de

measur ed, without ing a e unevenness 0 e sca

Wi thout bei ng(@f fectadibndae thtat hag Beéeha@iuithe, sed@uted the
grating warp. Further, according to exposure apparatus 100 of
t he enbodiShrenpositaronadl dnifeemabyenent tHhet weenuréhemt natamoemicght Afbom
IL irradiated on wafer Wyvia reticle 12, projection optical system
PL, and wat erthgheagdsn 3 digpahieorréPegennl ot Wed srrefefafhrection.

cont ol Ler 29,814 xes e 3 a0g BT gn pch el Wi N pesd Al
descri bed abo@@gl,té]ﬁ.zft@ﬁghgoé{éAﬁk 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



15 induced error correction informati on of each encoder corresponding
to the positional information of the wafer stage in the

non- measurenent direction at the tine of the neasurenment, and the
correction information of the grating pitch of each scale and the
correction information of the grid Iine. 20 Accordingly, by scanning
exposure and liquid imrersion exposure,ig% beconmes possible to forma
desired pattern of reticle Rin each shd& area on the wafer with good
preci sion. Further, in the enbodinent, as it has been

descri bed ear Lreadbasiboh @oirltG.f 28Beamda2Qrementorbdam idfe eaeasHeetdeMtd
25 (EGA alignment neasurenent) of the alignnment nmarks arranged in the
three first athgnédestiashmsifrieas lognfareatpbyinl thmhmessuspaeatis ALL
AL22, and AL23, majn confrqller 20.sw.tches, the neasurenent devjce

used for the POEFEFHI CUntFR LEFaRARE!CR t BHE WO G MeASEr PBEBRePR?M
118 ; i 1
el o ot vaF A IERLEL RS in, Milari AL S1EP b Bec kel sShobior

position of wafer ta romthe’irregu

control previgushyn 888Gy peané @htihe CRPUraAhgbasedo 80t b TRASYERIE N
val ues of at |east three encoders out of encoders 70B and 70D and

encoders 70A 6f awmalfgGtagec B&Tdwaghtio thesXY aviEme fustimer ehar effone
errors in the neasurenent values of the X position and the Y position
of wafer stager¥BIIPAHOeFEI@EL0Fyst em just after the switching,

there is an advantage of the errors _bein onsequently canceled b
the EGA performed HuAIefori 1hePn LEeLhT PG Tt TR BhBBAPRERL,® Rred)
acqui ring 1 ey $iaqRPASELLLY HNCRYSPELGha L A8k R0k AL AREL00: £
t he neasurenent val ues of the” encoder preV|ou§Iy escri bed, main
control | e 20wshangeshavafeplanage rvhTohdt 6f atid Wridddeysobtfdithtetrate
attitudes, and for each attitude, in a state where 15 the attitude of
waf er stage VBTcodermitnt ainvddieaspdodari heo ngmsurtdeeposissaht ef ofafer
i nterferoneter g%%ten1118 noves wafer stage WST in the Z-axis

direction in 339edSeFathin e ePlargd WARLEtRLPEARATGHS 3nd after
g?;:cg; OQC;: ggﬁ%g{?%?c%g%%ﬁg%%a@s% C)off EHES?”QBQ%L@P tth%e eﬁgggiep\ghich
is used for the control of the position of wafer stage WST
15 has been switched, the position of wafer stage WST within the
XY plane is maintained before and after the switching, 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 between 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,



20 or 39X2, and sanples the neasurenent results of the encoder during
t he nmovenent. According to this, change information (for exanple, an
error characteristics curve as shown in the graph in FIG 12) of the
measur enent val ues of the encoder corresponding to the position in
the direction (Z-axis 25 direction) orthogonal to the novenent plane
of wafer stage WST for each attitude can 4 ge obt ai ned. Then, by
perform ng a predeterm ned operation baséd on this sanpling result,
nanely the change information of the neasurenent val ues of the
encoder corresponrtiatgctert heic 44 opaaitt ban(enf gwaftdte deqggee BETL 1 atidres
Z-axis direction for each attitude, main controller 20 obtains the
correction i nPhridst OEAtERItHE Tnnesuradéat & alrassngf fermatdmrogeror) of

corresponding, to th osj.tional inf.or tlon f wafer stage 5 WBT i
the non- neasuf®feifidifire PF%nSpm élf atfE Stedfe Wodsifi Sﬁlven to

i nduced error, &G ﬂeorfo'rnﬁﬁérﬂ?é él{]:lén%r 85:5:89%(3 il efE8ad dgggglédem

errors of the enco due to a're Ve c ange ween ft

the scalesn t&ecmm@guamt deseséd Oy €88 dEsgieiRmdnRed: Ryl &ing
simpl e met hod. 10Further, in the enbodinent, in the case of deciding

t he correcti ovhe nﬂwhmtartmnnab@f/elaffemr s’aaqpém% nnya (Iflﬁ%@ﬂld@nt tafferent
configure the_ sanme head unit, such as, for exami plurality of Y
heads 64 thatf%%fqh@u?léaﬁé%dimﬁqtl@man%td@é@ﬁ @m |Irgﬁbe| gmbodiment,

irradi ated fromeach.Y n.the sa ec area
- corr espondi ng"&* & CHTH % §r§5ﬁﬁl"i'?1‘ge‘? s&p?é’r fed™oh hg_EXls
neasurement resiul s of, ‘b%%eﬂnsﬁd’éﬁe SEL NG ALY %eéngfb&f-} dg

correction information of each encoder confl gured by each Y

and Y scale 3R icc decitdedabasadposit hensanplficigatestl bf d@alf@ﬁlmgage
this correction information, 20 a geonetric error which occurs
because of t HESYLadi predeifenmineledir e cal, stidieas dieelestits girection,
corrected. In other words, when nain controller 20 obtains the

correction infi¥t ﬁﬁf“ﬁ@rﬁ’%Jttﬁ‘ct%énﬂllﬁ?'gl‘?IiﬁProFOEﬁ%%HJe?% %PFE@EEJH& e
to the same s &{Iﬁ &%.o%h?.n%lajrﬁgkiohtwﬁpéﬁ'J.nss éorﬁl%u%%r f %grt Eggmula (10)

i nformation o
previously described) that corresponds to the positional

15 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 6x 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 information (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



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 195 is also not generated.
Further, even if a gradient does not occyp in Y head 69, for exanple,
when a neasurenent error occurs in an encoder caused by the opti cal
properties (telecentricity) of the head or the like, obtaining the 5
correction i ntbe messowegiemit] i fgctiam prbeaynating pehshireh¥nicalre=B oY,
fromoccurring, which in turn prevents the deterioration of the

posi tion cont g%‘ii Dtigei R FISF VREPR L Sirdgel iy S8Thavei keen gorggcted by

enbodi nent age T.1s.driven . so as to ¢ ensat r, the,
reasarement epreh X AEFEf et b MEPEER e B0 et i TS SHe%s el s Py
error) of the;gnooder Sysl ei-ubt ¢8nocay Y LRséha heald i balues of
Incidentally, for exanple, correction information of the neasurenent

val ues of & heeptcdstes Hstaed Jar heecsupsit &tk idldsedhen skhe results as
characteristic information (for example, including the slant of the
head 15 and/ o¥heém@rpopepedl Igntoper oSt naet iore driakangdfis measugdduwmi th
Incidentally in %cFe embodi pent, abave, the,cha e has been descri bed

r

where main cofff rif¥Er SFIEEs PEEX he Hbst gratingr fdffbraction
(including thﬁ%%%{a@%?fﬂﬁ% (.)cfef\é@%é{:gséaggam%'vg‘ﬁ}ﬁ SR BECor the

(movenent pla el” tfo the | ang usin reé neads (an

encoder) of thesentpdenaghitientArie hBoehest blafeoftnend off sdcagerdflel
in the XY plane is controlled, based on a neasurenent result of the

posi ti ondl0 i nfortmtXOpland) poSithecrislge afidrired icompléXelY)f lados i fwate
val ue) of the three heads (the irradiation point_ of the_neasurenent
beam) 25 in t#R beerErth plaREtisRPF bRe RN IS i 33silt fohRe bean

L0for a1 o OURLETy ADFC PLESSIL (LA LONL) . DL B0 0 Y e
Wi thin the myenghl,phang Jfa1deqee Kfaif leedart hatadfe-gpvablS an
body has is only two degrees of freedom 146
encoder (head) whose optical axis is perpendicular to the
15 movement plane (and the XY plane) of the stage and whose count
values do not change by Z displacement, leveling, yvawing and
the like.
Further, in the case wafer stage WST is moved in the
¥~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 8y 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 (encoders 70B and 70D) caused by the

displacement (including the inclination) of wafer stage WST



(X, YY) in the novenent plane, however, the present invention can be
applied even to such a case. That is, even in such a case, when the
position of the novable body in the novenent plane (the surface
parallel to the XY plane) is controlled 5 using an encoder, by using
the accurate positional information as positional information of each
head in the novenent plane, a highly prﬁ%;se position control becones
possi bl e. Incidentally, in the enbodi nent above, the

measur enent val ues of the encoder system were corrected based on the
10 correcti oninnd climsdtgrorpdetifenshy Tesctineed-sriasdirecinpensanhethe
for the neasurenent error due to the position of the detection point

of the head oP™PPARITRRT 1 MGria C@ﬂrwl%ﬁr 2Redrbees WvéFagw%%lpﬁ-as@m

t t. | ted. to_t f
bosi 11 on t o vt EF i F CES 80y MAPeRET i BoBA RS Srobes s pRcoders
corrected basegsQhd h@nqmlr&%égauf@ft%@éé yorddil i RedbhytN6h %f@éfer

st age WST based on the neasurenent val ues of the encoder system ,

especi al | 5 i nsthge esgobtheopesiaid di retbeoppIihel P6s D 1 drelli @hEoSﬁ@Q@n
RST can be corrected based on the correction information 20

previ ously deSErvafet swsigieeWST oin exavipplestiani ¢i ifeveritefromagbeViTaxis
based on the asurenent. val ues of the encoder system Furt her,

in the enbodi UV et aﬁ?%IﬂémﬁOQFtFBﬁaTe??HE?Wﬁﬂﬁ OROFF MeRgUrement
d h
et LBkt 100 S0 11 S0 PN e

t he neasur enent i‘on or pOSI I oha rom

desi gn val ue &sr@btadNebt IRMBYELrmb B bW (FRASIE AR Jnf 9RrbhRasegeNd
time onward, the amount of change (that is, the positional shift from

t he previldus m@aﬁuuﬁneqmpuaéwe%rﬁbrmhbapnsntp@avbéu$h¢cﬂﬂt&dbedm that
point of the neasurement this tinme fromthe position of the 147
det ecti on poi FRT¥F¢TANG R tor ERe mlﬁéaﬁiemﬂrf@éﬁoﬁeoébi%ﬁ%étage WST

Further 0 e S0 UEnL cEbgye e BELLET 00 BIe SWACTL 00, A
positional infordmtdOm0h Fhe. ARG Qs 43 and ¢3B of interferometer
system 118, the correction information (the correction
15 information which takes into consideration the unevenness
{degree of flatness) of the X scales) of the grating pitch
of the X scales, and the correction information of the warp
of grid 1ine 37 of the X scales. 1In the manner described above,
stage drive system 124 is controlled, based on the measurement
20 wvalues of encoders 70B and 70D whose measurement errors of
encoders 70B and 70D due to the relative displacement of scales
39Xy, and 39X; and X head 66 in the direction besides the
measurement direction, the grating pitch of X scales 39X; and
39Xs, 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).



5 point of the head, the actual neasurenent val ue was used for the
direction besides the neasurenment direction and the design val ue was
used for the neasurenent direction, however, the present invention is
not limted to this, and the position of the head can al so be
actually measured for the neasurenent 10 direction, and in such a
case, the positional information which actual |y nmeasured can be
used instead of the design value previously described. The positional
i nformation of the detection point of the head which was actually
nmeasured can be useicdordirgrloress bhesones pddwsibilekagedpioe esfersatage
as, 15 for exanple, the correction of the encoder neasurenent val ue.

| nci dent al | y, "Ph WHESHDSAFRERE i@ desinpd fimgetianetitdr geed psepbyen,
in the X-axis_djrection, far._ex le, the switching of the head and

| nkage proce¥St BPThedR P TBoRoAraY Helhy ZRPE 88 o EL5b o firag ceLons
si mul t aneousl 0f 5 ; l far [ I
novever . the Braceee BE T A, SRR e RS o Rl TR0 PR po
different 3i nang. the dddle easbe hedsixa@iph@thblie Hésh@ncrrdetiasesy the
adj acent heads is to be the sane in head units 62A and 62C, and the
posi tion of hengvemiess 62A tdred se2Cepl apddwibholte Deind s fdiecéeti by tlam
25 be shifted. , Incidentally, in the enbodi nent above, an

i nvention rel GF2tied RHeCER R dhiengcatet ARAnkhy PF2RHY &ifcBder and the

| i nkage of the nea val ue,..an jnvention rel ated,t
correction of varigﬂéﬁﬁggéuﬁgﬁéﬁ l%?r% sef QS%f% W §&a68§i§?§n°flﬁiﬁ

I nduced err or emiSé dfeoS itk Ol 1 YAUALHL FE LR L LARIE hNIOERE I/ 11ght
scal e induced error and the |like) of the encoder system an invention

(inventi drd abdbutittedieset cof wefereWcotler reyst bR, profjiech ibheoptical
position control of the wafer stage using the 5 encoder system was
started once #¥eemfler 2pgeratarabert romw hahgeinaki omvpestiesnl ¢ @ngt eafen

the switching. timng in which t Wi t ching operatia f the encoder
(hea) | o ot Dot P8 B A oL R ahe W ot W4 BN Varar
control of t f , [a\Y] i ; t S

The 10 swi t cng s R B ARdRY BRELDD: O PESAA orf Mhep RS SH bRt
stage and thevaikess Wef L ldneddedt dbyctge§ HFHBXPesE 8taBRapas UsSion

However, these inventions can be executed alone or in any

conbi nat ildn. 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, ALZ2,, and AL23, maln contreoller 20 switches the

measurement device used for the position control of wafer stage

WST from interferometer system 11B to the encoder system



Further, one or a conbination of two or nore of the stage 15 position
i nduced error, head induced error (the neasurenment error of the
encoder systemthat 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, conbined with the 20 correctL&g of the head position

i nduced error. Incidentally, in edch of the enbodi nents
above, in order to sinplify the description, main controller 20 had
control over ¢aebhtphes tbk ddreXPOSthe FRParidinust SHEBr aadlkey ™ @@ehin
system and the |ike, however, the present invention is not 25 limted
to this, and thei%Y plaumet romftheodirsegthar camtiredsprevparalyfiesheibed
control perforned by nain cg;}roller 20 can be shared with a

plurality of EBntRoifepkro Seea Pl EheameesigeeneRit rRYUSS AhhREnleast
controls mafe&h?%%%ﬁ}%ﬁ%ﬂ%?%% ng% %ﬁeo@%g§H&ﬁpS$& y@ﬁ%ﬁﬁi%&c%%%rs T0A

encoder system sSensor a e IntertTeroneter systeny can

be arrangegl tan@ped@f e WRderdMRLN:EANTD! le@en20s KNG ne LWRGCODRESPS
that main controller 20 perforns does not necessarily have to be

real i zed by handier reaandehdret vaduesloft ahelle phedkigedrytsoflt pasetion
using 5 a conputer programthat sets the operation of main controller

20 or each opefa¥zEer oftagmdSdomyr sheepboefar SHram tives tc aittes| the
previ ously descri hed. I.,nci dent al

, th fi ti .and th
pl acenent  of PHE" St et RSRS & aPhédFﬁPgﬁg%réﬁéiﬁéf%££§i§ﬁggﬂ%§_ ©
mul ti poi nt AFcJﬂEfﬂE%ﬁ%%yt%§§%§1%22§9{Fﬂ?gE%Qﬁgéfféiéﬁﬁ.%@%t@”bOd'”Ent

above is an exanpl @ anorig , tter course that the

present iywention iMarfed,i BEE66d18y i She ROb RN a@PIS, oh BdRE ring the
enbodi nent above, an exanple was indicated of a case where the pair
of Y scal es 39NdgarpbSMdrudedufed eheoneasurerienin information of the

measurement values of the encoder previously 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,, 39%,;
20 or 39¥%:2, 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



15 of the position in the Y-axis direction and the pair of X scales
39X1 and 39X2 used for the neasurenent of the position in the X-axis
direction are arranged on wafer table WIB, and corresponding to the
scal es, the pair of head units 62A and 62C is placed on one side and
the other side of the X-axis 20 direction of projection optical
system PL, and the pair of head units 6%§4and 62D i s placed on one
side and the other side of the Y-axis ditection of projection optical
system PL. However, the present invention is not limted to this, and
of Y scal es 3p¥3iaheh IXYZafeedsfate WST DRaty erartsofii tdet 2n Fosi &a6m
in the Y-axis direction and X scal es 39X1 and 39X2 used for the
measur enent ofttheugesindion dantired LgrarPsodiabns itde ctrdesgdonone of
the scal es capn be arranged_ singularly on wafer table WB, w thout

bei ng a pair, 1BFOrBREIR PaithOMeRSENTHATE SVEREIRE d9€ &RFOCERE pair
f head it 2 | , . I
o head U1 s chog-Bahcand 0. ot Loostonne i . paed UL <40 be

and the ex engsen ndikeebnORefbutfeead rtdBt oAl e}ﬂ:@or'd'iﬂblgg e #age
orthogonal direction such as the X-axis direction and theé Y-axi s
di rection in pbeiehodndecedadiowe; cantdect icaninferanyidhrist coprasting
|l ong as the directions intersect each other. Further, the periodic
direction of Fhe Igesurgeenseians af thenereoderidrecis snrratidgordinge

(or intersecting with he | ongjtudi nal direction of each scale, and
[ such o casho it Bhe ik 7kbe fehde i EAR boBomRas R Ty Shesetion
unit should b I i el L,0R s to the periodic

di rection of ??Ilg %%‘%{%@ﬁ%?ﬁ :ang.lﬂé{]?t er, de'ach head unit can
have a plugality ofmheads,pilacerd whbbelhe@y igafhd Radedbf RRIJiGANg the
orthogonal to the periodic direction of the diffraction 15 grating.
Further, in téerestodimemioghetéont fizovasddras beera sk dfbbdadbetrlmt
the grating section (the X scale and the Y scale) was placed on a
surface of waFREITHRIETITEFIEPNLE, SHEMRE pfakexagPleo pRINHRBLLY

specific, on [ rface, 20. however, th r,esent, i.nvention, i.s
not limted t%P?hﬁg,gggn%yt 3%9?%?|1n urceaneﬁg %rflgtcg EétsaL éier%ftct er’o ight

course on the;d owersSildaace 8h YRRy HRge sWEIn ASe Welile @3pebheisi dfea
surface, or a head can be arranged on the novabl e body side such as
t he waf erliSst age thandokbhespogd iid Nyséal é \3ovdi areh sl saapl Pidtisnpgedformed
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 consequently 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



25 a one-di nmensi onal grating section placed two-dinensionally) can be
pl aced external to the novable body. Inthis case, when a Z sensor is
al so placed on the upper surface of the novable body, the grating
externally placed can al so be used as a reflection surface that
reflects the neasurenent beamfrom 151 the Z sensor.

I ncidental ly, in the enbodi ment above, rgtation infornation (pitching
anount) of wafer stage WST in the Ox direction was neasured by
interferoneter system 118, however, 5 for exanple, the pitching
amount can beieshdbimedtf genetheedeagutrehent awdnds afgsidiwert dbesheot
pair of Z sensors 74id or 76p,q O, simlar to head units 62A and
62C, for exanPfeurdfel egdidorfur exapale, hel ageampiiement Hier & Papdesl
in proximty to each head of head unibs 62B, and 62D, and the pitching
amount 10 canlBea%b?%ﬁ?éEFfQQHﬁ b¥alFBE 3B +%%h BRPEL TGSt he

nmeasurement val ue,of E%ﬁvﬁqﬁeQﬁokﬁetHé&dfgngﬂQeLﬁ&ﬂl%&mgip%gg the

respectively. Accordin i't becones possible to neasur

posi tionals i nEefpe¢t Ddh ahfeahet i6h agemiWel1knc44 peetbabs Y mek¥urement
degrees of freedom or nore specifically, the X-axis, Y-axis, Z-axis,
15 Ox, 0Oy, andrQer dircamcidans ing, ndhideiencodarrearchiishehZdstasboration
previously described, w thout using interferometer system 118. The

nmeasur ement offtHee ReSiGIGRaFoNkEoF RESOFIoN REf BRISE a2 TSIy That

di rections of, six, degrees.of..freedom using the oder, and the Z
sensor previ ous! yl%e%%:erieonébd)d&gﬁngé Hgg?ﬁr %Igeno‘fg]lgolsorﬂrﬁvieﬁ PReS tO

exposur e oper abhodhditte A0 tiHa h?%sﬂk&ﬂ@ﬂ%%r% a2 13R¢LAL LISy

focus mappi ng operation previously descri ) Further, in the
enbodi ment0 aboweerwed efo sisage hdad MAduded eerrdrgsef ahet BacHBas us eabd
val ue of the encoder system 25 for exanple, in the case of exposure,
however, for @xddploscuzrdes dodene Hpedemithe Foaddeatalhe, fgogi exampbs,

reticle stage RST can be added, ,and reticle stage RST can be driven
based on the TOrF&ctidYh 4 6FW§PPBn°Fh5?ec%ﬁ?%%é%ﬂﬁﬂ? gluge of the

measur ement V@Ilncl:{?&erpfsytshf%megggdgé c%ﬁﬁ)%%@d?ngagg'g &QScihtei gﬂgk‘acteristic

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 encoder) 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



152 information of the reticle stage in the non-neasurenent
direction neasured by reticle interferoneter 116. Further, in
t he enbodi nent above, the case has been descri bed where the apparatus
is equi pped with one fixed 5 primary alignnment system and four
novabl e secondary alignnment systens, and alignnment marks arranged in
the 16 alignment shot areas on the maferlﬁie detected by the sequence
according to the five alignnment systens. wever, the secondary

al i gnnent system does not need to be novable, and, further, the
nunber 10 of tHe Bedendaeymaddngieplaiy st voesthotpieddrar invBation
inmportant thing is that there is at |east one alignnent systemthat
can det ect theaalbgmpmitiathensnobo ttichnaf ease| ndhaéntal | gven int fach a

enbodi ment above, the exposure apparatus which is equi pped with
roasur anont - SCAGE N SISO BRRACERY oF dRAMIPURD R ag e VEF e Movement
descri bed as | e 0 rat di.sc i
Internationalbgﬁégiégﬁékéﬁgé%éaug%f%&ggb7h§igggﬁgﬁégéﬁgstﬁgng?égéﬁgied
invention gs A8ingiaf éecbded ! B %51 ARG HO8 c&XPUMY Bos8BibSalisebesiedion
in, for exanple, Kokai (Japanese Patent Unexam ned 20 Application
Publ i cati on) &b.pdd-tAbsA331iafiorndtel opf esguintead i SheRadwententoplane,

6,341,007, and in the panphlet of International Publication No. NO
98/ 40791 and fhBighly 3R PAIiSiopateRtrab. be-aEE PIGsikd et he

li.ke, even in an exposure . apparatus.,by the tw fer stage nethod
that can execute t %5é§ﬂ5ﬂi ?251%§%¥%fT%%§ﬁWﬂﬁiﬁgoﬁﬁagﬂF%W§ﬁ?ureﬁent
operation (€. g3y,esBs t%?é e&%do@é:b%y%@@m%é?%?%@fr&%%ﬁe@aséhmﬁt th8

paral l el using two wafer stages, it“I's poss to ormthe
posi ti on Imont e6trett Bae h RiretatSbbagerusi 8@sl Ped@nenidrid syskeme6r ef er

to FIG 3 and the |like) previously described. By appropriately setting
t he compensate for the measurement error due to the position of
the detection point of the head or the positional shift of
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



153 pl acenent and |l ength of each head unit not only during the
exposure operation but also during the neasurenent operation, the
position control of each wafer stage can be perfornmed continuing the
use of the encoder system previously described, 5 however, a head
unit that can be used during the neasurenent operation can be
arranged, separately fromthe head units, ,62A to 62D) previously
descri bed. For exanple, four head units can be placed in the shape of
a cross with one or two alignnment systenms in the center, and during
t he neasurenedétepbi@npomntﬁﬁamowmepthei@mshmhenabmént@mn&ﬁiohtmined.
each wafer stage WST can be neasured using these head units and the
cor r espondi ngFsERER@E;, 4?1ﬁ@ﬁaQﬁéﬂi@@ﬁ@taﬁbQY%uLﬁhQﬂ/RQﬁ§Qﬁmlﬁgwﬁhér

stage nethod, at,least t cal.es.each are arr d |n the two maier
stages, respeftiveiynd & ﬂﬁﬁhlﬁﬁ§a8§p8§ﬁ?%s%p PREVHEFETY 15
mount ed on on eQérh%l@d waf £1e 13 %%\%%t&%n&%@ﬁf&ﬁﬁat |dh w%agae%yelwe
stage, the ot stage o i ch the next fer that ha

under gone srar kodet et ik Ragd} hevd bkeual ndsumasutesBDie Fl%%i Lkea for
nounted is placed at the exposure position. Further, the neasurenent

oper ati on perthe déddeichi20 hearidelsei hevnehsthenexpds veet bperatlithe des gt

limted to the mark detection of wafers and the |ike by the alignnent

system and i F3t@ad'dT 4IRS fosr thR BeadiFetedn dinartinns, honevedr e
ect ed,

,nfor Lo (SHEPAAT IS0 ol kb VB o o0 3150 SBCEh ket e
where Sec- BCHke (*dh'ét ﬁéé(é'c)aﬂ élBSrEéJ'é'EE%QaHJﬂ Nk el £46 1 h88surement
measur enent stage MST side while each wafer is exchanged on the wafer
stage WSNOsi déi rdowvimer and He u@se akskn vt padl 4 iSoradt 1t f édzad dnowhich
this, and at |east one of an 154
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,
15 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 62A
and head unit 62C is performed simultanecusly, 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 Dbe 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



illumnance irregularity neasurenent (and illum nance neasurenent) |,
aerial imge neasurenent, wavefront aberration neasurenent and the

| i ke can be perforned using a neasuring instrunment (nmeasurenent
menber) of neasurenent stage MST, and 5 the neasurenent results can
be reflected in the exposure of the wafer performed |later on. To be
nore concrete, for exanple, projection optical systemPL can be

adj usted by adj ustnent device 68 based on the nmeasurenent results.
Further, in the enbodi nent above, a scale can also be 10 placed on
measur enent siadecéflermsn tdmgeopobiodonohhdutedfeddes, mbasdr enEated
stage can be perforned _using the encoder system (head unit)

previ ousl y de§€¥?%e(§.ca%r1é’-cgﬁ§é‘éi ¢rear ppd thigel Heplapf dhisoriycadra system,

erforns the neasurenent of positional .information_using the encoder
Cystem s not ST AVEBGIPB CHeer s dhowt Bge 2esec ot HhehcrtiRmprgten
when reduci ng; f he, 5176 1and, welghy, QF}n%gfron_St Wil tkgéeﬂsm&othe
consideration, it 1s desirable to place the scale as closée as

possi bl e t9 vehesdd¥ ensvah bhss aga MM dnc HAVEY it WheiR ries &l Z BxSf at fiE,
waf er stage is allowed to increase, 20 by increasing the size of the

waf er stage aad imesredsimgelldeedi $bahbe beltvwseing henpaigr iof whdaheshe
that is placed facing each other, positional information of at |east
two each in tFe5CRANS oRrrariani Stdrhecenepder t Mgad)s isaerpentedrat a

four positionagl information, can measur ed const,antly during the 25
exposur o oper GUTHIE ot CeANEPER 2 Raplinar th Tt B3 on o ePEREP RGO F HEe
size of the wal&fr daGR, T 189%@AREEN BoPPfdpde e SCALBUERNEHE the
arranged so that it protrudes fromthe wafer stage, or, by placlng

t he scal aton $inetchitrey tSindegobawatieen stiagamdbineodyutsengfathe wafer
auxiliary plate on which at 155 |east one scale is arranged, the

di st ance bet weleage i dihe diikkavpng seunrbed ceut b ither sasedeaposnre he

descri ption above. , )
apparatus. However, these inventions can be executed alone

or in any combination.
Further, one or a combination of two or more of the stage
15 positicn 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 controllier 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 1s a matter of course that at least
a part of the control performed by main controller 20 can be
shared with a plurality of controllers. For exXample, a stage
controller, which controls wafer stage WST based on the

measurement values of the encoder system, the Z sensor and



Further, in the enbodi nent above, in order to prevent deterioration
in the neasurenent accuracy caused by adhesion 5 of a foreign
material, contam nation, and the like to Y scal es 39Y1and39Y2, andX
scal es 39X1 and 39X2, for exanple, a coating can be applied on the
surface so as to cover at least the diffraction grating, or a cover
gl ass can be arranged. In this case, especially in the case of a
liquid imersion type 10 exposure apparéﬁ s, a liquid repellent
protection filmcan be coated on the scale (a grating surface), or a

liquid repel |l ené friddpfeadmee oEPBEeR) ddhit baustagRgddPREbpekh taceldd
the cover glass. Furthernore, the diffraction grating was forned
continual | y omaswlesnanbilatkp0t.heFenther theaontrohehbd mangcontirobler

direction of each scale, however, for exanple, the diffraction
grating can bel fRRFEIFTNHtINGH POENPRFEEFFT 8 Raito @ pleurgriligedfby

, h | fi db | | i f | C
Rureher e Rt e SaB ol T Sty bR Phal Pad By st ER R atng
where an ejﬁcog%ronamt%h}te%]?@gﬂrﬁ fthaetions itmeeage%raea%%l gethad Eén?}ﬁ(?lsjlé.s

t he encoder, however, e present inventionis not limted to

and net hods s2@brasadthep&epatibh o funtkodn s Iiosks thet shgretime aaithod
and the |ike can be used, and the so-called scan encoders whose
details are disgpussaidusly fdescenibegle, U. S. Patent No. 25 6,639, 686
and the |like, can al sq be used. Further, in_the enbodi nent

d
above, as the Z serdtideptatdsq e ?W%ﬁ%‘%%@%ﬁ@?@ﬁmem@ﬁw
et hod ref er gd 4 g, AR0YEen! Ofy P1ATRLE. R SENSA,6ON | O GAIRY A FLTS
by “FRE" bpt ical pr ck-up et hod or

sensor (the sénsor can be a $enso c

156 ot her, goptsgatandli TPlages@®Mos aReotsd &t i tREi SRR ideRORBoPE AN
on a neasurenent object surface and optically reads the displacenent
of the neasurameampijecamcrygriiace iand he & axmatdereef icmursy that the
receiving the reflected light, a drive section 5 that drives_the

first sensor PFRIGE ZDHRNElEN Ascheod imaigddsthond JoOrseraqrle gingme

Crooder AN, LIS 4 el oS €3 e P! ACRL (oL e LSty
the configuralionfasys Redcaheyesod TACs6LNUddd HorS hYonEQMf lent
node) in whic
15 of the positionin the Y-axis direction and the pair of X scales
39%; and 39%; used for the measurement of the position in the
X-axis direction are arranged on wafer table WTIB, and
corresponding to the scales, the pair of head units 62A and
62C 1s placed on one 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 othex
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



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
t he nmeasurenent object surface, such as the surface of the scale and
the first sensor in the Z-axis direction is always constant, and a
node (the second servo 15 control node) in which a target val ue of

t he second sensor is given froman ext ern | section (controller) and
the drive section maintains the positioﬁL f the first sensor in the
Z-axis direction so that the neasurenent values of the second sensor
coi nci des wi té2m hend &20et avaldistCanebsr stle hledd! Hei€asaRBeOhridigged,
first servo control node, as the output of the Z sensor, the out put
of the nmeasur$hgosbrtlivon Fubtheecdhd esumsipnodirdyt: ivaen thaddad etdrel
case of the second servo control node, the output of the second
sensor can bethR&xtenpicmedireatipe ehdhieoheadi Wals /e a0 LEREERd to

and an encoder_i s | oyed,as 25, the second .sensor, as. a cansequ e
The postt 1 onal™ (T oI MET an Bre St et U RgR VAT frarer i S repir e
directiong; OfYSA%iQQﬂ&"e%%i%E Eﬁeﬁﬁj@@nﬁ:ﬁi&ﬁ%n’ﬁ‘eéﬁ%@d aixl 149 88n be any
encoder. Further, in the enbodi nent above, as the Z sensor, a sensor

by ot her det editedt it hadg otgnabetreplidyestioddbAntersectFaathesthén,
t he enbodi nent above, the configuration of the plurality of

i nterferonet drertham ftdre peadadingdipecpbw tafortdle daffraation @fating
waf er stage WST and their conbination are not limted to the |,

confi gur ati orfHhdS Re 95T EBRDPAAL GIPINE 58sf9F dedGhSE&Eingneith) the
i nportant thi |« t_.as. . siit.ional _ ] nf; i.0

waf er st age V@%#lﬁuﬁ%a [ r%égngﬁ&Zx%g%ta%?}o%E?%' n%ljé&s]ul(r?{e%%P gi ((r?;esc’: 7 6h

of the engodesl st} GFNHBLdEEHS WiRd cothesgenii ByAld00net sR8uld be
interferoneters and their conbinati on does not especially 10 matter.

The i nport antpXanew dirs a kidtrethéor shiduwbgbrizl aoreasupenbotiidedi vect(iidn
does not matter whether it is an interferometer or not) besides the

encoder syst éth §88ciiHEer b redrabingan fivgdd6re 23t pesfityrgiaran have
i nformation of fer,.sta T.in the directiqgn except for_the .
rreasurerrent.a?rpg@ﬁac}ﬂ' 5%%f \}é\gﬁgseﬁiﬁ%ﬂ% "?3310 3P 9 ?aﬁ%l%,g%’ﬁ%c’tfon
sensor previ qusly, ridgedpga e?&?oﬁ%@%dfﬁé&{% %%a%ﬂéeﬁﬁﬁr%é’t\.’iﬁg-s

Further, in the erbodi ment above, t sensor was arranged besi

the mul tiygoi drAfirsy.stem however, for exanple, as long as the
surface position information of the 20 shot area subject to exposure
of wafer Wcan be detrébeed wit bhe henbdingrdi mboAR, spheenion expdmere,

then the Z sensor does not necessarily have to be_arranged.
described where the grating section (the X s¢ale and the Y

scale) was placed on a surface of wafer stage WST parallel
to the XY plane, or 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 7 sensor is also placed on the upper surface of the movable
body, the grating externally placed can also be used as a

reflection surface that reflects the measurement beam from



Incidentally, in the enbodi nent above, pure water (water) was used as
the liquid, however, it is a matter of 25 course that the present
invention is not limted to this. As the liquid, liquid that is

chem cally stable, having high transmittance to illumnation light IL
and safe to use, such as a fluorine-containing inert liquid nay be
used. As the fluorine-containing inert LL uid, for exanple,
Fluorinert 158 (the brand nane of 3M ed States) can be used.
The fluorine-containing inert liquid is also excellent fromthe point
of cooling efteetz Euntber, as the liquid, liquid which has a
refractive index with respect to illumnation light IL 5 higher than
pure water (a refra£m¢idﬁnhﬂkiy,ignatbandmbodﬁmenﬁ(ﬁbqyeanpbeﬁtﬁbquid
havi ng a refractive index ual, to or her than 1.5 can be used. As
this type of ftpaamat%% @%ﬁ%ﬁ@g émalu@a t@ifrfm%%mﬁfcﬁﬁed W§dvitRg tlee HPx

bi nding. o1 0; s BLDG! 89 SUch. 28, ) 0Bt nANole NaKL 00, 3T SLLREH ve L 0dex,

of about 10 1 ycerol yceri aving a

about 1.615 af@feéﬁéﬁﬁi%rmﬁhé'ﬁ%ﬂd%l%%rQﬁBbﬁtSQéHeEE)oﬁﬁﬁﬁﬁeﬂﬁfQ%%aBEe
hept ane or decane, or decalin (decahydronaphthal ene) having a

refractive i nflexsofemadottval el odr ctihteli k€ tla dheirxidfed. sensors 744,y
Alternatively, a |liquid obtained by mxing arbitrary two or 15 nore

of these |iqudts/ ey berustdniler ol head @%Eﬁaﬁ%@r@ysaﬁdiw eraRpPhe)
the predetermned liquid descrlbed above todg % ure maler can be
used. AlternafP%é §7en%%rt°ﬁea PRGAIE 22 9QESLBb %‘u NGF oty PRGXAMLLY

(mxing) basey gre As] desuel g5 din: Cxieoddnallon, Hd2ne O AR b

(with) pure water can be use reover

addi ng (i ngan PRy bbeh ese @t rbhn 0X%icdeearadtieand b@x£ %n(iWsl'ﬁé")neBHﬁEement
wat er can be used. These liquids can transmt ArF excimer |aser

| ight. Furthevalas ¢fm£he(ﬂuaﬁndqnqutdatmﬁac@ ties scaslesd;| rabpecpivehy.
coefficient of light, is |ess tenperature-dependent, and is stable to

a 25 proj eCtl%‘ﬁc@fﬁ‘ %M»sfs‘% é’r‘ﬁc(of“ieﬁ Bpepehle n‘é‘?rﬁ%@%sud-"ﬁd/t@le gositional
Bnti rofl sot o FITIRC AT ik PrEke) S Eode APDri™: ABFSGF 1ot B 4 udpgrees
S preferabl o Riddiin, binhe 806 ALY Y, 2RE ¥-2alisedrAncddlenl bl
source, fonblin oil can be selec 159
15 ©x, By, and 8z directions using the encoder and the 2 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 2 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



Further, in the enbodi nent above, the recovered |iquid may be reused,
and in this case, a filter that renoves inpurities fromthe recovered
liquid is preferably arranged in a liquid recovery device, a recovery
pipe or the like. 5 Further, in the enbodi nent above, the case has
been descri bed where the exposure apparatus is a liquid inmersion
type exposure apparatus, however, the present invention is not
limted to this, and it can al so be appl% to a dry type exposure
apparatus that perforns exposure of wafer Ww thout 10 liquid

(water). inFukhbeioni &f tite: erdiddilReBtaghoye, thdensraseds chean
descri bed where the present invention is applied to a scanning
exposur e appadarestbynaneaspeathdyscaticgehodterfetmnetide. lldowever,

the present invention is not limted to this, but 15 may also be
applied to a statl cF e T b4 &f“&@délﬂ%%ta%b%"%rt dhifercaseyBASWPEHN

(15RO OkebBE KB TBE U0 G ROSLLCHRL A5 S B0

whi ch an objec jec 0 expos

gener at i org of pgﬁhr_ry%&ﬂ@%ﬁ%ﬁ&%ﬁéﬁ@&oﬁ@mﬂam 8Llkohddey H@&bﬁﬂém

can substantlally be nulled 20 1i kew se. Furthernore, even W't
stepper, it begstesspessi fl Ayrinereehat be apeahteaimothé e §Iﬂg&newlﬁ J;\hot
hi gh preci sion based on the neasurenent val ues of the encoder and
each correcti dnepafet vdiei sALpr efodettgctied dvy ide, saddense @according to
consequence, cone OSSIb|e to transfer ar |cIe ttern 25

onto an obj echW Wen? H ’B?eélﬁ SYBhSMEur HREFYeEN @%‘é ?W/@ﬂ\f‘?%"ﬁeﬂt
can al so be 39215 &?h%ogaﬁﬁB%dHééég% RLOL SN %)ﬁﬁosfuf? dl?é)lpart%teuﬁuﬁé’eﬁ

step-and-stitc hesi'zes a's aréa an ‘shot” area
an exposure agpatié Useddndh iy @ﬂ.ll@nhnénlﬁebbggemél dbdd Aot hAiteekl, ONThe

aligner, or the 160 I|ike.
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

15 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

20 Application Publication) No. 10-214783 and the corresponding
U.S. Patent No. 6,341,007, and in the pamphlet of International
Publication No. WO 898/40791 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

25 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



Further, the nmagnification 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
magni fyi ng system and projection optical systemPL is not only a
dioptric system but can also be either a catoptric systemor a

catadioptric system and in addition, t rojected i mage nmay be
either an inverted image or an upright iTage. Moreover, the exposure
area to 10 which illumnation light IL is irradiated via projection

optical systeplLRtehsntnamd-laxidgAlcFachbat hbAg! Wees ! ictdly asrsndXthe
within the field of projection optical systemPL. However, for

exanpl e, as i sxgpselesedriatithéyaaphtd elurdhygl hiempasiiveméntPobkeirabionn
No. WD 2004/107011, the exposure 15 area can also be an off-axis area
that does not tPRCPRSEE PR <ALl STARACE HRFBF $0P%E Bt &S BGritRFIAL

e catadi oLl SRheR L o Patt, Ol MLCD, A0 BLLGEL SYPLED v

(catoptric systemor ¢ optrrc

surfaces and LepEPea 4 ReBUNBH AlthdtTRIR B JRABHLPPLE trk AELENIEHent
and 20 which has a single optical axis. Further, the illumnation

area and expospeeatieacdedss abedngbdyecapaeatal haemtiebktangitlias (62A
shape. However, the shape is not limted to rectangular, and can also
be circul ar ate,biPhmmasiigaislypdeact tbedyr afosr experle kefomrshgadhenits

the light source of the exposure apparatus in the enbodi nent above is
not limted tBRRHE ﬁﬁ?‘—c%gdi“nié € Isgﬁg’re,o‘gﬁac’éoﬁr’%&ﬁ IBF FWYAL SR

such as a KrF Lper. r ut I t F

Coutpur wevel SheEhTeT oy, celthPy I8 SE-10E, Eng e Mrerthe for PifLon
or a Kr2 l@sesbovd,l theopbHut idveyel argihaddén ¥ ea@h wAtew $£85e WST can
hi gh-pressure nercury |anp that generates a bright |ine such as the
g-line (wavel eagebsa36dngingrtidee hedd naitwvarel gngtbr 86Spomd Licascal so.
be used as the |ight source. Further, a harnonic wave 5 generating
devi ce of a YA 4 EXPEFUTAAPRAE n Pyl She Jevims wafeBektans mefgod, at

+

sources above, as _is_discl.osed in, for exanple, the panphl et of
Internationallifﬁﬁiﬁﬁﬁi%ﬁ§1ﬁ8.e _fﬁ@@ﬁﬂ%§@§g€tﬁg gﬁﬁré%%&ﬁ%ﬁﬁgsEfg%ff
Patent No . 7,0435610)e12 NAIARRER YAYCe x ¥ Ghe ichAkaibRedfb¥he warfer

anplifying a single-wavel'ength [ aser beam
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 is 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 in the infrared or visible range enmtted by a DFB sem conduct or

| aser or fiber laser as vacuumultraviolet light, with a fiber
anplifier doped with, for exanple, erbium (or both erbium and
ytteribium, and by converting the wavel ength into ultraviolet |ight
using a nonlinear optical crystal, can also 15 be used.

Further, in the enbodi nrent above, illumpnation [ight IL of the
exposure apparatus is not limted to t he' i ght having a wavel ength
equal to or nore than 100nm and it is needless to say that the |ight

havi ng a wavel enghiniess 1haiyulRRIm,Cana2Qrbtemsethndarl 1@xamahes i n
recent years, in order to expose a pattern equal to or |less than
70nm devel opmeasunément \EUe ek p b simregy eappas wtarsrithava vekesn aab8ERa Diom
plasma | aser as a |light source generate an EUV (Extrene U traviolet)
light in a soPeauFeReRame toeglike warePengehiraRge Y5idlE 5 measyring
nm, 25 and uses total, reflection reducti optical stem j gne
Unter “the. expit FEREVEI BRETHEFRLEE nEaBER neE ke aTy SLERb IR SRR
i's undervay. IfethieafIMNRROSEER] RRPALAILS releh 8 cREH AN TR e xbB WL ChE
scanni ng exposure is performed by synchronously scanning a mask and a
waf er using atké wetkarpe dfdnRidCl 4td 16h DatTcobe fok e renrsiedef @dexatisl.e,
therefore, the present invention can also be suitably applied to such

an exposure appaietiion Rediiged siyshemnPhppan hasdivsdedr oyeadiustment
i nvention can  al so q§%§gflied to an exposure apparatus that uses
b

charged 5 parfFtte® bRhmesascPradianmEReeE PBR b ®%n ion beam ‘
Further, in the emgadi Rt ﬁﬁom‘f e @mﬂcﬁi@rﬁeﬁtsﬁb}ﬂ@at YPE; IASK c%aeh;ggege
ra ich a pre I'g

which is a transmssive Subs & on _ éternlneq
shi el di ngpat peided @n Achbasendat sy eOHs?, |dih it hat pesiatd PR oPRELEr &Y

is formed, is used. Instead
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



10 of this reticle, however, as is disclosed in, for exanple, US.
Patent No. 6,778,257, an electron mask (which is also called a

vari abl e shaped mask, an active nask or an image generator, and

i ncl udes, for exanple, a DMD (Digital Mcromrror Device) that is a
type of a non-em ssion type i mage 15 display device (spatial |ight
nodul ator) or the like) on which a Iightﬁﬁransnitting pattern, a
reflection pattern, or an em ssion pattér is formed according to
el ectronic data of the pattern that is to be exposed can al so be

used. In the tasset ofnelSsdilles Uth agruageapl €hs hapethims be theeausiet feir
stage 20 on which a wafer or a glass plate is nounted noves

relatively w oh flesspacscabes kanve iiabreastdpedimadile, dégsc dim bliomgalpdree .
stage based on the neasurenent val ues of an encoder and each

correction infor mtiHititevigushy dRGimsad /RPVE: nbatidatg teherevent
posi tion of t?@tééngcgfaéjfénngnt ?rﬁer gr{él%ggx%reg@{%taecmua}%% Zéag%él iymagﬁeéfc?n

| i nkage operatron wWeen p y - Of “encoders préevi

descri bed,s anceqUEyaE e r2ftkeshl adrhangmRedbAeNin feae riihed: 8oy e, £ap
be obt ai ned. Further, as Is disclosed in, for exanple, the

panphl et of |Bgesaadideyal dAdK iscalesrBaNg.andBI0VN1£O8%k6HplEha poeshnd
163 invention can also be applied to an exposure apparatus

(i thography &§Btkerarmbied eimthii Aurfade spaces g taoviey af acaafethey
formng interference fringes,on the wafer. Mreover, the present ,

| nvent | on candLF SREEAbBFFEHT 008 SiOERDELARS GRS BFRSNPRS; IR this

synt hesi zes tuo. & eté%%i%aflxg S+AA €a¥‘@f§£ ¥Lfie<ftlei)%anﬁm%EE9Pngwggfggal

system and al nost’ si ane 'y ‘perforns doubl posure "of shot
area on tie wekessiye UipHaaGAMI, N SXPOBHT LepalSl drix dHroekesedni Pilh Ofan

exanpl e, Kohyo (published Japanese transl ation of

be coated on the scale (a grating surface), or a ligquid
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 canbe 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



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 also be applied to an apparatus
that forns a pattern on an object_ by an E%k-jet met hod.

I ncidentally, an object on which a pattér is to be fornmed (an obj ect
subj ect to exposure to which an energy beamis irradiated) in the

enbodi ment abovRet Soptaicdl Bikpdatemén?(amafcdts) 8REt Ciadfr4rH Atk probe
obj ects such as a glass plate, a ceramc substrate, a filmnenber, or
a mask bl ank. beam on Ehpeagserefientheobdepbssmef appandt opticalig readst ek
only to the exposure apparatus for manufacturing sem _conductor

devi ces, but BhEPHRERRRIHT OfvERE MG SCERMERE PR GH GEEF2ERPHT &de25-3%is

an exposure aBP?é%%fghfb rr%E%QSEE&r'HE]f%flb%%EQ %{%ﬁéfﬂa %Eiggagection
device pattern onto a rectangular glass plate an N exXposdr €

appar at us g or  REOACH Vi Ph@ARE SsELSenddY Nvf EhE FBGNES idiﬂé%%g%n, and a

i magi ng devi ces (such as CCDs), m cromachi nes, DNA chi ps, and the

| i ke. Furthersetded preasent (enventawremaderl 64dbehappldedd that natyuteas
an exposure apparatus for produci ng mcrodevices such as . .
seni conduct or tevlises aqementapf dihso fheshpptnaar io the &qeeder direction
apparatus that _transfers a_circui attern onto a_glass_plate or
silicon maferc??)?ﬁdﬂﬁ¥£ aIFeFPEI% I5t° ’ﬁ%@&hgncanffﬁﬁ¥a%&ﬁﬁsure

apparatus, ansELV. SX0HLGo AONAIAL Yono 31 X! QY- AN DY) ABEEY ablion, &

electron-bean1exposyre appar at us, _ ent
t he novable berly @fime Sostion drhecBOYRS! £1 bodysdidose ifetthedz-gkig he

deci di ng nmet hod of the present

direction based on the output of the first sensor so that the
distance between the measurement object 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 senscr) can
be used, and in the case of the second serve 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 sensor, 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.



10 invention can be applied not only to the exposure apparatus, but
can also be applied wdely to other substrate processi ng apparatuses
(such as a laser repair apparatus, a substrate inspection apparatus
and the like), or to apparatuses equi pped with a novabl e body such as
a stage that noves within a 15 two-di nensi onal plane such as a
position setting apparatus for specinen or. a wire bondi ng apparat us

i n other precision machines. Further, tﬁgﬂexposure apparatus (the
pattern formati on apparatus) of the enbodi nent above is manufactured

by 20 assenbling varhetsesUlsyshée Erbodinehti dsdwide thRecd @BRAGIIRN of
constituents that are recited in the clains of the present
application, $beapltpoakitep @f eddtemrfieromdtpeshaped afomamasamying the

el ectrical accuracy and optical accuracy. In order to secure these
vari ous ki ndsPefihgedrhcinfvaiariorand dhfer shegadtEhiand their

adj ustnment to_achieve. the optical, .accura or varjious tical
sygtens, adjugPﬂgﬁ?aF%o%cﬁfgdgﬁiHénﬁégﬁaﬁ¥cgpea %R#%ﬂﬂf%. n, &P hae
mechani cals sygshafgBna 805 G0 AR h%sé%@b@éi.e e %?%&;;hﬁ’ﬁ" tﬁ%ﬁr‘rfscy
for various electric systens are perforned. A procesS of asse ng

vari ous subsyshef®d nbag 6% Hehpoexpnsidle iappahat Usn i0FChEEE88 stage WST
mechani cal connection, wiring connection of electric circuits, piping
connect i on of iprigss Whigecitioni escerpthdorhth¢ inea saremgntadi vest iorpes tifie
subsystens. Needl ess to say, an _assenbly process of 5 individual

subsystemis PBFPOFHetl Hetor@n e Fracesedor the sl ingFatieny arti bhe
subsystens | nigtépfef&ﬁ)gé%rse W%&%&#ic?ﬁ\ﬁ%fﬁaﬁfgn péooecsesn%tOfesgelc%ally

assenbl i ng the vari ous subsystens 1N exposure apparatu

conpl et edip a hot 8ér adiTiet TRPbrkEnDeEAM B AtV Ahkeds skbldg ©& a
accuracy as the entire exposure 10 apparatus are secured.

I nci dent al | y, m¢ aseur@kemty ddvildee (@xpdsasenappadiaiars winticaf atalbkyan
performed in a clean roomwhere the tenperature, the degree of

cl eanl i ness ahOt¢heeroielan @rchbAtt dPgdigies 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 ligquid, however, it is a matter of

25 course that the present invention is not limited to this. As
the liquid, liquid 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



I ncidental ly, the disclosures of the various 15 publications, the
panmphl ets of the International Publications, and the U S. Patent
Application Publication descriptions and the U S. Patent descriptions
that are cited in the enbodi nent above and related to exposure
apparatuses and the |like are each incorporated herein by reference.
20Next, an enbodi ment of a device manufacturing nethod in which the
exposure apparatus (pattern formation aﬁ%@ratus) descri bed above is
used in a lithography process will be described. FIG 36 shows a

flowchart of aphexefphe Wheh o35 IPouhiaclustafes) A8 @R @ed. The
sem conductor chip such as an ICor an LSI, a liquid crystal panel, a

CCD, a thin fEluenhgeretdornd:digachg anertrbiactd e, ahed ddmellidot) frém tlse
shown in FIG 36, first of all, in step 201 (a design ste%?, function
and per f or nene@lyeSifgFrd¥ing aéveek. (JUeHhhas A Ehe L igadpgnl israidigsich

sem conductor, device)_ i s _performed, .and pattern desjgn.to realize the
function is paff ot ms .rafﬁgﬁ? Jfrhé‘%f gﬁ%goﬁgs(%eﬁhéz? ?”r@t‘%ﬂjgnasttjeoﬂ) llgﬁﬁaﬁk
i s made ory whj j i rn,t e q i

Formed. Neanuht Pt T o508 S e T Sy Poa G a1y
are manuf act ufesl ewsamglaratldgualds havthgas séfifdilive indexNextali BoSé£p
204 (a wafer processing step), the actual circuit and the |ike are
formed on t hehyglier than it.fogeaphg osedhe As kdiisntapeaoheliqind, viidy
be described later, using 10 the mask_and, the wafer_ prepared in steps

201 to 203. THEHPISy &t &FesiFyernined; Leanid s G Piagingeor 0-
ool |5 PELLSIEUALI0, URLen BLOSEISER LM ALER, thty Sop 2R
and the packagin@, RNYeRTS1( ¢ R-NGAPRHL2LEON rer#lltive index of about
1.61, a predetermined liquid (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 H',
cs*, K", €17, 504%, or PO,* to {with) pure water can be used.
20 Moreover, a liquid obtained by adding (mixing) particles of
2l oxlide or the like to (with) pure water can be used. These
liguids can transmit ArF excimer laser light. Further, as the
liquid, liquid, 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 film),
an antireflection f£ilm, 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.



15 the |ike 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 perforned. After

t hese processes, the devices are conpleted and are shipped out. 20
FIG 37 is a flowhart showi ng a 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®f the wafer is oxidized.
In step 212 (CDV step), an insulating filmis formed on the wafer
surface. In step 213, 4k@aHerel eat¥idendadiAEARIINYV S R réibRrR6t 19481d
is formed on the wafer by dep05|t|on In step 214 (an ion

i npl ant ati on séephe reusedr eandilnanhed case, tdefifear .thiraclreabvehe
above steps 211 to step 214 constitutes the preprocess in each step
of wafer procé@Bﬂ?&Fl%ﬁuqumeth@cé%%ﬁﬁ%ﬁqﬁfd@éﬂéﬁngﬁ|E¥Qﬁﬂi§@dYaﬁér@%ged
executed at each Wien t he above-descr

I
preprocess entd ?#P %@H?gﬁﬁﬁgq§ﬁ ﬂ&?é?eprﬁcﬁ%%?$ﬁfygﬁiﬂg ﬁFbg8§le§e'
executed as fol | owspy, Fif3t Qb %hle e p%&merpé)satbo%%%% ch5EShak NSLEP

215 (a resist 5 formation step) otosensitive agent 1s coated on
the wafer. Thegsctibed %e%bthﬁ@rér@ﬁ%@&lér €opd £Mus ikhg GiquGW tmpatsesm
of the mask is transferred onto the wafer by the exposure apparatus
(pattern forneyporexapparat wppadesosi bbdweabeve e grieseexposvent e hiowl
(pattern formati on nmet hod) thereof. Next, 10 in step 217 (a

devel opnent s#@p)limifgst #afgH 3 handnik Cl?é’bﬁléQd?%é@Pllée&e%lao%a R

in step 218 ( chln ste expased nenber a.oth
than the ar eagx eruerere rg}élﬁa{fl}l% lpgr%&% ecf‘%oysue cﬁl W Wl\:ehout
step 219 (@ rﬁﬁééidrﬁﬂﬁﬁhﬂg step) , when etching is conpleted, t he
resist that 15 is no | onger necessary is renoved. By

repeat edl y perfor mmgthae,pia- phecesSodimbihaHawet, - phecesse Nus thedre
circuit patterns are formed on the wafer.
described where the present invention is applied to a scanning
exposure apparatus by a step-and-scan method or the like.
However, the present invention i1s 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 ailr 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



By using the device manufacturing nethod of the 20 enbodi nment

descri bed above, because the exposure apparatus (pattern formation
apparatus) in the enbodi nent above and the exposure nethod (pattern
formati on net hod) thereof are used in the exposure step (step 216) ,
exposure with high throughput can be perforned while maintaining the
hi gh overl ay accuracy. 25 Accordingly, t productivity of highly

I ntegrated m crodevices on which fine pét erns are fornmed can be

i nproved. | NDUSTRI AL APPLI CABI LI TY 168 the novabl e body drive

met hod of thelpkesent invention are suitable for driving a novable
body within a novenent plane. Further, the pattern formation

appar atus and t he pattiErer.f cheatagnifiethbtonfof Heheprewdrrtinueopt bral
are suitable for 5 form ng a pattern on an object. Further, the
exposur e appaFé?E%m %Wu$h€k66§8Férﬁfﬂ9ﬁﬁf%%ﬂf Pﬁetﬁ%vﬁWRPqﬁﬂﬁﬁﬁaéPeVﬁr&F

net hod of the |nv Lon are .su it e for fact rin
devi ces. Furtﬂ Iﬁﬁé cafrd %?%nsyr?etteﬂ"ddg%% & g%ggder regBr%%‘é%t

inventiongs ﬁalgﬁﬁﬂfné ogysc@énl %rratal aagﬁifyhﬁg 10y S, %dpg%sbeeleﬁ
t he head of the  encoder.

optical system.PL is not only a dioptric system, but can also
be either a catoptric system or a catadioptric system, and
in addition, the projected 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.
BHowever, for example, as is disclosed in the pamphlet of
International Publication No. WO 2004/107011, the exposure

l> areacanalsobe anoff-axis area that does not include optical
axis AX, similar toa 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 1s 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 ¥; laser (output wavelength 157

nm), an Ar, laser (output wavelength 126 nm), or a Kry; laser



| . A novabl e body drive method in which a novable body is driven al ong
a predeterm ned plane, the nethod conprising: a drive
process in which a first direction positional information of the
novabl e body in a first direction in the plane is nmeasured, using a
first head of an encoder systemthat includes a plurality of first
heads which irradiates a first measurenment. beam on a neasurenent
surface, parallel to the plane, on whi ch grating is arranged and
receives the beamfromthe grating, and the novable body is driven

al ong the pl aneutpasedven caghbasis afeNior 8aUllt &f hi fie-Frdsdurdl hesthHP
positional information and positional information, In a surface

paral l el to thempl ahat ofnartedds lasbrrxghfsuiienenwctieaaa grhet ged iheom t he
first head used for nmeasurenment of the first direction positional

i nformati on, Mgvgpﬁngth 436 nm) ortthe posire dvavelRRaE et SoRmbicarhalso

first t.b tional.informti
11 adi a1 on pBEREBE Thetl SR ReHF ERon " BOdAn o AFPRRL T ofR e

ort hogonals to én@?@@%r%%%c@' L YA l%fsetrhgr ft'hresilf@%‘An #1sdBR used.
novabl e body rive method according to claiml wherein

t he measur enebBés sk atee issupkacedbone A Srilsagesolos b IV aEblreckatyle,

substantially parallel to the plane. 3. The novabl e body drive nethod
according to theimamphirr eifninternational Fublénsbilen T@y-sﬁ@mtﬁa%ﬁ@&%
i ncl udes a pl raI ity of second heads which irradiates a secon

measur enent bé&h GﬁrFﬁépﬁﬁ éﬁ?é’n@ntp%’iﬁq%rﬁ% gmazﬁeé%9be§ l'ﬁfé“%'é‘érﬁ’ave'
froma grating,; 1%hok#tsafn%% %}8% ﬁf?ing' f§fﬁ v%rf @B%hgf e am

on t he measurenent “surtace asu sec rec ron

posi tionalp i n{rmationfed b2 viRYBDLE emﬂ&@sgs%n@lmbéﬂ%bﬁauctor
intersecting the first direction, and 70 in the drive

process of thkaseva £ilbadyasposid venabmiulftaavabilen lafghithew by abf tber
body in the surface parallel to the plane is neasured using the first
head and the %fé%bh@-%éepeéﬁtPQ%fﬁﬁv%?iﬂf@lmd?rb‘sufélr|0\¥e*h01am 6#gitmeand

I based th | t d t f, t f
cach ieasur enéntS b .Sﬁ%%ﬁ By FPRRE PP AT 1Yot a8 oo (1 ed

fromthe fi rsﬁl%ﬁ?\ﬁl@i@ ?Lt.f.' al e gl%mﬁ(?ﬁaglllﬁnear opthcal"8- PRVEP! @ahoHso

drive nethod ac |ngto
15 be 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 Dbe 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 1s 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



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 the plane using the relations
of an affine transformati on based on a neasurenent value of the first
head and the second head of the encoder system and positional

i nformati on of each neasurenent beam i égmasurface parallel to the
pl ane, emtted fromthe first head and the second head. 5. The
novabl e body drive nmethod according to claim3, wherein

the pluralityaet iSacmicadtdadscal e idongasekeanainiditie vaford,f fiod eRksent
fromeach other in a direction intersecting the second direction.

6. The novabl énwedyicnigan ekdwdaacsdtdbhy epplied md, sudie ameehpdsure
further conprising?ﬁrior to,the drive process:

computing pr o8BBETPhR%hi &P SiHESeRNh 28 ﬂ%%%{ﬁ%ntth@aﬂ’{%s‘%ﬂta&mention
Tt he surf acheBati BT o L Slodl Al oge BAe A0 ThI AR cHE Pea

in the surface para ane, e nov I'sTO

a predet ergn ngdrangi € hoahdes i facanpatakt ebntvedheo Pl A8 onaRd shased
on a neasurenent val ue of each of the heads used for position control

of the novabl e bodyFaftlerr,t e tbhéad¢mmodiaecht abowent & onrafsrilssive type
predeterm ned angle neasured by the neasurenent unit, positional
i nformati on oP2al {FebrR)iodeintison thenpmbseeembiaateeant vhich

fromeach of the heads in a direction t hogonal to a nmeasurenen
oerron of & SnesetEmihe T4bRE Hole ATk (Sr St Bk T,
head i it : ] r o

noads. 7 CTPoBE &% dhy 4E cBRARLE S AAAY 29 Ebeled AU RACW. OpnbEad
as the negsurefefhisintdticdiie, Moich@ronekeis hadvs dib sedli,alfioty e@bmple,

measur enent axes i s used.

U.S5. 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 pattexrn, 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 values 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



8. The novabl e body drive nethod according to claim7 wherein

in the drive process, as the positional information of the
irradiation point of the neasurenent beamemtted fromeach of the
heads in the direction orthogonal to the measurenent direction of the
correspondi ng head, the positional information conputed in the
conputing process is used, and design pagsitional information is used
as positional information in the nmeasur nt direction of the
correspondi ng head. 9. The novabl e body drive nmethod according claim

6 wherein invention Nedmealdd ve RPPLESE, t&Sah Nexnbird epdhratus
information of the irradiation point of the neasurenent beamemtted
from each of {hietheausphin avstedi)r ébekofooms hbgonaind-cpelce rehtarasermt
direction of the corresponding head, the positional informtion
conputed in tﬁewéﬁﬁﬁnHYrﬁfﬁﬂ%ﬂﬁe§§tﬁ§fﬁ§§ﬁcea@%ﬂ%ﬁﬁﬁgﬁ? Fo§i ¥RoREL

information is use Rositi naI roatio n the ur ene
direction of the cg%orréaspondl ng edgen%olnxengf?%rcﬁnf Sireﬁ%sqe pﬁgf‘ﬁgdto
conprising an exposur@a@aestego%s@ slyﬂtv/etsgeeentmx%%tlcué ﬁystf@ﬁ@s
on a novabl e body that can nove in a novenent plane; and

drive processonnawafdr ttha roypabliechody bstilddVedydnent Readravabse body
drive method according to claiml, to forma pattern to the object.

11. A devi ce pHmufanaauiy perfodms redukfi e gxpopireeph Iy mctoarea on

process wherejn pattern forpati on process, p rn is, forped
o obj oot - HEE P Ao BY: PSSR B ING GrReBEgH, n@%mdieeﬁpaﬁﬂgl?o £5%

¢l ai m 10. a%ﬂe?r rxégql ! %ﬁl%ggsﬂg&hSQ?éﬂe%@e 1%"%%?J Bgl s formed

on an obj ect %y an ene ere
10 International Publication for Patent Appllcatlon) No.

2004-519850 (the corresponding U.S. Patent No. 6,611,316).

Further, an apparatus that forms a pattern on an object

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 a2 liguid 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



for relative novenent of the energy beam and the object, a novable
body on which the object is nounted is driven, using the novabl e body
drive nethod according to claim1l1. 13. The novabl e body drive
met hod according to claim1, wherein the positiona
information in the direction orthogonal to the neasurenent direction
of the first head includes any one of ewhﬁptually measured positiona
I nformation, a shift ambunt from a desi gh value, and a shift anount
froma previously nmeasured val ue. 14. The novabl e body drive
met hod accor dbagappl tddimtl,ondhertel an exposure apgdmtgrsatfiorgproduaing
t wo- di nensi onal grating whose periodic directions are two directions
ort hogonal tonéaepdethess such as semicapaugipradesipedy kit vienmairedce

according to clajm 1, wherein the plurality of first heads are, ,
arrangedgin aaﬁgi%%%ﬁEﬁlqqn%ﬁ&&ﬁﬂﬁenépPﬁéa%g?th%ﬁr?ﬁﬁq rs a clrouyf

A movabl e bodyaflting o§¥§tae§lé£'sn¥y‘ibﬁg ot SPVARIEDPLY tbDalidued 2LonG: 2
predet er mi ned” plane, the systentconprising: an encoder
system whizh bhaGhdiesusedplivr al 11yhofedddstirenapgdard hiad, id adivabeosdure
first neasurenent beam on a neasurenent surface, parallel to the

pl ane, on whigbpargraes,) n i@y axgedprandppaceives drhelleesanmchrbaanhe
grating; and a controller which measures a first

di recti on posf¥PoFTe | dRATARUSon 286 the #d¥@bl e body in a first
direction in the pl

_ ne sinq th firsg hgag 8f theeen% der ste le
and drives the nova elde?(Sl(jff AVong G ARV Hr HnBOR 8 &d S o1 5% S o V%
result of thepbig sdrdid 6dtHIY, 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 1like), 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



173 positional information and positional information, of the first
measurenent beamemtted fromthe first head used for neasurenent of
the first direction positional information, in a surface parallel to
t he pl ane, wherein the positional information of the
first neasurenent beam i ncludes positional information of an
irradiation point of the first nmeasuremgns beamin a direction
orthogonal to a neasurenent direction of the first head. 17. The
novabl e body drive system according to claim 16 wherein

t he nmeasur enehhe sypicstae appHraded bnclaidas heckanfcdheommeeatl en bwilying
substantially parallel to the plane. 18. The npvabl e body drive

syst em accor dFAEReet PR o 122 spfdrisi gircuits, PiPiRGELUNESFP sPSEt em

further includes_a tIz-utga_éit.y of sgjcgﬂdnge?ds whi ch‘} i.rradiates ar
second measur BhERT “hHeatd i ASs TrEmenfS sTPIRE &/ 2 s e¢®°Ph& beam
froma grati nQub!‘?ﬂ;QQﬂé? heqsasE 85 o4y didd eieniphiog-bResgrak i ng,

on the neasurenent surface, and neasures a second direction

posi tional5 i nindiratdwal afuddes vy dlsl gebtdymed lve Seadhediprecktisenof
intersecting the first direction, and the controller
measur es posi &% sempling shawid wipus sihey stiatoddye ¢xpeher sappacatus.

parallel to the plane, using the first_head and the second head, and
drives the mo¥a ettb%&iir%eo%g AFhESFEBRLING ALY T WS FHERSYPERBAL 1Nt

results and p 't'ggﬁ} i nfQr i urement b Ln €,
surface paral ?%% ét t ueféglag)ﬁg,%talet%gt ?%d8%€%$%%’ 3 [%’tt leggggﬁgm?%g S
second head. d&rrdhfredarabler-iRRdykidy 6 rshaBaceo tientht 0-Lbabordse
wherein a plurality of measurenment beans emtted from
each of tlfe phppatatys cfreercomtchdeadbneiartadiiyed the maldingcdi orhe
intersecting the second direction in the surface parallel to the
plane. 174 S¥POTHE mARISE Wody BFFTerabhLy amfklicuded A§ foCifam nasn

wher ei n 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.

FIG. 36 shows a flowchart of an example when

25 manufacturing a device (a semiconductor chip such as an IC
or an LSI, a liguid 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



the controller drives the novabl e body al ong the plane, while
conputing positional information of the novable body in the surface
parallel to the plane using the relations of an affine transformation
based on a neasurenent value of the first head and the second head of
t he encoder system and positional information of each neasurenent
beam in the surface parallel to the pl , emtted fromthe first
head and the second head. 21. The novable body drive system accordi ng
to claim 18, wherein the plurality of second heads are in
posi ti ons t hasemieomdiddremevicen éachepfbened n andlipagdteirandesign to
intersecting the second direction. 22. The novabl e body drive

syst em accor dFagli e dhg Arnet iendshesr EOFRG si AeNa Heasapettht(aumek

PR R i T
body at a preggt Qfe@nnﬁgsggx%ﬁ iNsb bR gUr hacaRaRal |6 sttggt{t?sgglaﬂgfer

based on a neasurenment vafue of the neasuremenf uhit, “an on a

measur energt vehibiei @t Bachteip)t,healieadsabs el Ofadiagicdd QBiagnheobrdls
t he novabl e body after the rotation and information of the

pr edet er mi nedsadlyl&s nplalsigoed by t he neasurenent unit, conputes
positional information of an irradiation point of the neasurenent

beam enitted from é&eH ot PtHHEMAAls(3 Hah i RRRIITANGr hdgondher actal
reasureren oL gel Lo oo o g LB, SEPENER Aoy

measur ement bean eni tted 1T om 6ac

body drive syste/Ra0G¥diAdatRarfictl Mrde Whelehd dde TBRsUNgRERt WWily
is an interferometer that has a plurality of neasurenent axes. 175

a storagdunithe madk endpadket wvahetr prdpaveat iianseéps 01 rrca@ioat.i oThen,
poi nt of the nmeasurenent beamemtted fromeach of the heads, in the
direction orthogrl 4% tlse deFasear eppembly rekanon dsfivicieassembly is

Cor esponding, head PTPLE BE LUE P SCsel g Ul b 2deg IR 20
;8;;?;?82?i ?ﬂiérn::%%ia% J.:otc%%%%lsi gluﬁlé as 1.2hr’e nﬁ(ﬁq{gt %rr%ctegléga\t.fignbonding
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 novabl e body on which the object is nounted, and which is novabl e

i n a novenent plane hol ding the object; and a novabl e
body drive systemaccording to claim 16 that drives the novabl e body
to performpattern formation to the object. 26. An exposure

apparatus that forns a pattern on an object by an irradiation of an
energy beam the apparatus conprising: ggdatterning unit that

I rradi ates the energy beam on the object; and t he novabl e
body drive system according to claim 16, wherein the novabl e body
drive system dtages t he novabl e body on which the object is nounted

for relative novenent of the energy beam and the object. | 27.
The novabl e body drifRae §9§t@ﬁ%~&?ﬁ%ﬁrﬁ@e@opfé¢%¢%q&§ epfer &} pach stage
t he positional inffrnation in_the digection ort hogonal

to th
measur enent 07T 410 BAOTHE i sPOREAHIPREPGRS SHRF B8 GF GRLLOWS:
actual ly ”EasﬁifngﬁséiquﬁJth@&ﬁ%@abEBEesé,%ﬂh%% amoun éi@q‘aresist

desi gn value, and a shift anount froma previously neasuared val ue.
28. The nuvabferhodyortdstep) sugititcaeseiding dgent! B4 Godbed WhedRi Wafer.
the grating is a two-di nensi onal grating whose periodic directions
are two directhems igr shegosb$ (ea eapbsetdertep), the cRuithpambeabl et

body drive system according to claim16, wherein 176
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 1is no longer necessary is 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 akove 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



the plurality of first heads are arranged in a direction intersecting
the first direction.

10
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the movable body drive method of the present invention are
suitable for driving a movable body within a movement plane.
Further, the pattern formation apparatus and the pattezn
formation method of the present invention are suitable for
forming a pattern on an object. Further, the exposure
apparatus, the exposure method and the device manufacturing
method of the present invention are suitable for manufacturing
micro devices. Further, the calibration method of an encoder
of the present invention is suitable for calibration of the

setting position of the head of the encoder.



169

CLAIMS

1. A movable body drive method in which a movable body is driven along a
predetermined plane, the method comprising:

a drive process in which a first direction positional information of the movable
body in a first direction in the plane is measured, using a first head of an encoder system that
includes a plurality of first heads which irradiates a first measurement beam on a
measurement surface, parallel to the plane, on which a grating is arranged and receives the
beam from the grating, and the movable body is driven along the plane, based on a
measurement result of the first direction positional information and positional information, in
a surface parallel to the plane, of the first measurement beam emitted from the first head used
for measurement of the first direction positional information, wherein

the positional information of the first measurement beam includes positional
information of an irradiation point of the first measurement beam in a direction orthogonal to
a measurement direction of the first head.

2. The movable body drive method according to claim 1 wherein

the measurement surface is placed on a surface of the movable body
substantially parallel to the plane.

3. The movable body drive method according to claim 2 wherein

the encoder system further includes a plurality of second heads which
irradiates a second measurement beam on the measurement surface and receives the beam
from a grating, which is the same as or different from the grating, on the measurement surface,
and measures a second direction positional information of the movable body in a second

direction intersecting the first direction, and
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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 first head and the
second head, and the movable body is driven 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 first head and the second head.

4.  The movable body drive method according to claim 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
the plane using the relations of an affine transformation based on a measurement value of the
first head and the second head of the encoder system and positional information of each
measurement beam, in the surface parallel to the plane, emitted from the first head and the
second head.

5. The movable body drive method according to claim 3, wherein

the plurality of second heads are in positions that are different from each other
in a direction intersecting the second direction.

6.  The movable body drive method according to claim 1, the method further
comprising prior to the drive process:

a computing process in which, based on a measurement value of a
measurement unit that measures a rotation angle of the movable body in the surface parallel to
the plane, the movable body is rotated at a predetermined angle in the surface parallel to the
plane, and based on a measurement value of each of the heads used for position control of the
movable body after the rotation and information of the predetermined angle measured by the
measurement unit, positional information of an irradiation point of the measurement beam

emitted from each of the heads in a direction orthogonal to a measurement direction of a
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corresponding head is computed, the corresponding head corresponding to the measurement
beam emitted from each of the heads.
7. The movable body drive method according to claim 6 wherein
as the measurement unit, an interferometer having a plurality of measurement
axes is used.
& The movable body drive method according to claim 7 wherein
in the drive process, as the positional information of the irradiation point of the
measurement beam emitted from each of the heads in the direction orthogonal to the
measurement direction of the corresponding head, the positional information computed in the
computing process is used, and design positional information is used as positional information
in the measurement direction of the corresponding head.
9. The movable body drive method according claim 6 wherein
in the drive process, as the positional information of the irradiation point of the
measurement beam emitted from each of the heads in the direction orthogonal to the
measurement direction of the corresponding head, the positional information computed in the
computing process is used, and design positional information is used as positional information
in the measurement direction of the corresponding head.
10. 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
a drive process in which the movable body is driven by the movable body drive
method according to claim 1, to form a pattern to the object.
11. A device manufacturing method including a pattern formation process wherein

in the pattern formation process, a pattern is formed on an object using the
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pattern formation method according to claim 10.
12.  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 the movable body drive method according to
claim 1.
13.  The movable body drive method according to claim 1, wherein
the positional information in the direction orthogonal to the measurement
direction of the first head includes any one of an actually measured positional information, a
shift amount from a design value, and a shift amount from a previously measured value.
14. The movable body drive method according to claim 1, wherein
the grating’is a two-dimensional grating whose periodic directions are two
directions orthogonal to each other.
15. The movable body drive method according to claim 1, wherein
the plurality of first heads are arranged in a direction intersecting the first
direction.
16. A movable body drive system in which a movable body is driven along a
predetermined plane, the system comprising:
an encoder system which includes a plurality of first heads that irradiates a first
measurement beam on a measurement surface, parallel to the plane, on which a grating is
arranged, and receives the beam from the grating; and
a controller which measures a first direction positional information of the
movable body in a first direction in the plane using the first head of the encoder system, and

drives the movable body along the plane, based on a measurement result of the first direction
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positional information and positional information, of the first measurement beam emitted
from the first head used for measurement of the first direction positional information, in a
surface parallel to the plane, wherein
the positional information of the first measurement beam includes positional
information of an irradiation point of the first measurement beam in a direction orthogonal to
a measurement direction of the first head.
17. The movable body drive system according to claim 16 wherein
the measurement surface is placed on a surface of the movable body
substantially parallel to the plane.
18. The movable body drive system according to claim 17 wherein
the encoder system further includes a plurality of second heads which,
irradiates a second measurement beam on the measurement surface, receives the beam from a
grating, which is the same as or different from the grating, on the measurement surface, and
measures a second direction positional information of the movable body in a second direction
intersecting the first direction, and
the controller measures positional information of the movable body in the
surface parallel to the plane, using the first head and the second head, and drives 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 first head and the
second head.
19. The movable body drive system according to claim 18 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 the

plane.
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20. The movable body drive system according to claim 18 wherein
the controller drives the movable body along the plane, while computing
positional information of the movable body in the surface parallel to the plane using the
relations of an affine transformation based on a measurement value of the first head and the
second head of the encoder system and positional information of each measurement beam, in
the surface parallel to the plane, emitted from the first head and the second head.
21.  The movable body drive system according to claim 18, wherein
the plurality of second heads are in positions that are different from each other
in a direction intersecting the second direction.
22. The movable body drive system according to claim 16, further comprising:
a measurement unit which measures a rotation angle of the movable body in
the movement plane; and
a processing unit that rotates the movable body at a predetermined angle in the
surface parallel to the plane based on a measurement value of the measurement unit, and
based on a measurement value of each of the heads used for position control of the movable
body after the rotation and information of the predetermined angle measured by the
measurement unit, computes positional information of an irradiation point of the measurement
beam emitted from each of the heads in a direction orthogonal to a measurement direction of a
corresponding head that corresponds to the measurement beam emitted from each of the
heads.
23. The movable body drive system according to claim 22 wherein
the measurement unit is an interferometer that has a plurality of measurement
axes.

24. The movable body drive system according to claim 22, further comprising;:
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a storage unit in which positional information of the irradiation point of the
measurement beam emitted from each of the heads, in the direction orthogonal to the
measurement direction of the corresponding head, computed by the processing unit, and a
design positional information in the measurement direction of the corresponding head are
stored.

25. A pattern formation apparatus, the apparatus comprising:

a movable body on which the object is mounted, and which is movable in a
movement plane holding the object; and

a movable body drive system according to claim 16 that drives the movable
body to perform pattern formation to the object.

26. An exposure apparatus that forms a pattern on an object by an irradiation of an
encrgy beam, the apparatus comprising:

a patterning unit that irradiates the energy beam on the object; and

the movable body drive system according to claim 16, wherein 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.

27. The movable body drive system according to claim 16, wherein

the positional information in the direction orthogonal to the measurement
direction of the first head includes any one of an actually measured positional information, a
shift amount from a design value, and a shift amount from a previously measured value.

28. The movable body drive system according to claim 16, wherein

the grating is a two-dimensional grating whose periodic directions are two

directions orthogonal to each other.

29. The movable body drive system according to claim 16, wherein
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the plurality of first heads are arranged in a direction intersecting the first

direction.



