|  DESCRI PTI ON MOVABLE BODY DRI VE METHOD AND MOVABLE BODY DRI VE
SYSTEM PATTERN FORMATI ON METHOD AND APPARATUS, 5 EXPOSURE METHOD
AND APPARATUS, AND DEVI CE MANUFACTURI NG METHOD TECHNI CAL FI ELD The
present invention relates to novable body drive 10 nethods and
novabl e body drive systens, pattern formati on nethods and

appar atuses, exposure nethods and apparatuses, and device

manuf acturing nmethods, and nore particularly to a novable body drive
nmet hod and a novabl e body drive sysESCRIRTIHONve a novabl e body
within a nmoving plane, a pattern 15 formati on nmethod using the
novabl e body drive nmethod and a pattern formation apparatus equipped
with the novahl bod drive system, an exposure met hod using the
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devices and |iquid crystal pghaftay MAYYEASTIEX PR MERRRY at uses such
as a reduction projection exposure apparatus by a step-and-repeat

nmet hod (a so-called stepper) and a reduction projection exposure
apparatus by a step-and-scan nethod (a so-called scanni ng stepper
(which is 2 TECHNECAZd BEIELBnner) are relatively frequently used.
In these types of exposure apparatuses, in order to
he present invention relates to movable body drive
10 methods and movable body drive systems, pattern formation
methods and apparatuses, exposure methods and apparatuses,
and device manufacturing methods, and more particularly to
a movable body drive method and a movable body drive system
that drive a movable body within a moving plane, a pattern
15 formation method using the movable body drive method and a
pattern formation apparatus equipped with the movable body
drive system , an exposure method using the movablie body drive
method and an exposure apparatus equipped with the movable

body drive system, and a device manufacturing method using

20 the pattern formation method.

BACKGROUND ART
Conventionally, in a lithography process in the
manufacturing cf microdevices (electron devices or the like)
25 such as semiconductor devices and liquid crystal display
devices, exposure apparatuses such as a reduction projection
exXposure apparatus by a step-and-repeat method (a2 so-called
stepper) and a reduction projection exposure apparatus by a

step-and-scan method (a so-called scanning stepper {(which is



transfer a pattern of a reticle (or mask) to a plurality of shot
areas on a wafer, a wafer stage that holds the wafer is 5 driven in
XY two-di nensional directions by, for exanple, a |inear notor or the
like. In particular, in the case of the scanning stepper, not only
the wafer stage but also a reticle stageas driven by a |linear notor
or the like in a scanning direction in a predeterm ned stroke.
CGeneral ly, position 10 nmeasurenment of the reticle stage or the wafer
stage i s perfbfheddbdfig2asraBeeri nRERf EebpbiBrlithbseanenslyensnd.
val ues have good st for a long period and which has a hig
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performed using a laser interferometer whose measurement
values have good stability for a long period and which has
a2 high resolution.

However, more accurate position control has been
15 required due to finer patterns to cope with higher integration
of semiconductors, and recently the short-term fluctuation
of the measurement values caused by wvariation in the
temperature of the atmosphere on the beam optical path of the
laser interferometer has been accounting for a large share

20 of the overlay budget.
Meanwhile, as a measurement apparatus other than the
laser interferometer to be used for position measurement of
a stage, an encoder can be cited, but because the encoder uses
scales and the scales lack mechanical long-term stability (due
25 to drift of scale pitch, fixed position drift, thermal
expansion, and the like), and therefore, the encoder suffers
from the disadvantages of lacking the linearity of the
measurement values and being inferior in the long-term

stability, compared with the laser interferometer.



apparatuses that neasure the position of a stage using both a |aser
interferoneter and an encoder (position detection 5 sensor that uses
a diffraction grating) have been proposed (refer to Patent Ctations
1 and 2, and the like). Further, although a nmeasurenent resolution
of a conventional encoder was inferior to3that of an interferoneter,
recently encoders having the neasurement resolution equal or 10
superior to the laser interf eroneters have cone out (e.g. refer to
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of the grating is required. Further, in actual, since a grating
surface is not a donplhan pﬁdﬁ@owm@-tﬁe @Eﬁ@ﬂremﬁpbnenesahettgntrmi a
uneven 25 surface of the grating surface is also included in a count
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relative to Patent Citation 3 and the like), and the technlque of

combining the laser interferometer and the encoder has been
gathering attention.

However, in the case position measurement within the

15 moving plane of a wafer stage on which a scale (grating) is

arranged is performed using an encoder head, for example, in

an exposure apparatus, the accuracy of the grating is similar

to that of a movable mirror without bending correction, and

therefore from the viewpoint of accuracy, it is obvious that

20 the result of the position measurement without any correction

can hardly be used for the position setting. That is,

correction in view of the accuracy error of the grating is

reqguired. Further, in actual, since a grating surface is not

a complete plane and the error component due to the uneven

25 surface of the grating surface is also included in a count

value of the encoder, this error component alsc needs to be

corrected. Moreover, there is the inconvenience that the

measurement error of the encoder occurs due not only to the

scale (e.g. flatness of the grating surface, or grating



di spl acenent of the head and the scale in directions different from

a nmeasurenent direction in which the encoder neasures 5 the position

of the wafer stage, or the like. Patent Citation 1: Kokai (Japanese
Unexam ned Patent Application Publication) No. 2002-151405 Patent
Citation 2: Kokai (Japanese Unexam ned Patent Application

Publ i cation) No. 2004-101362 10 Patent Citation 3: Kokai (Japanese
Unexam ned Patent Application Publication) No. 2005-308592 .
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i nventi on has been nade in consideraiion of the situation described
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of the novable body 1n a predetermned direction within a plane

paral l el to the pedetaidided il anerdsi e, encodes thad has a head
that irradiates a detection light to a scale having a grating whose

peri odi c direction Bakerte qurtedeaicer m:neabi2h diFgciicae antkiactiaePaitent
reflected light fromthe scale, and of driving the novable body in

t he predet er Mnred aliriapt i kbl esisibron Nde 26Estr e val ue and
information on flatness of the scale. Wth this nethod, position
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10 Patent Citation 3: Kokal (Japanese Unexamined Patent

Application Publication) No. 2005-308592

DISCLOSURE OF INVENTION
MENAS FOR SOLVING THE PROBLEMS

15 The present invention has been made in consideration of
the situation described above, and according to a first aspect
of the present invention, there is provided a first movable
body drive method in which &a movable body 1is driven
substantially along a predetermined plane, the method

20 including: a process of measuring position information of the
movable body in a predetermined direction within a plane
parallel to the predetermined plane using an encoder that has
a head that irradiates a detection light to a scale having
a grating whose periocdic direction is the predetermined

25 direction and receives a reflected light from the scale, and
of driving the movable body in the predetermined direction
based on the measurement value and information on flatness
of the scale.

With this method, position information of the movable



a grating whose periodic direction is the predetermned 5 direction
and receives a reflected light fromthe scale, and the novabl e body
can be driven in the predeterm ned direction based on the

nmeasur enent val ue after correction in which a neasurenent error

caused by the flatness of the scale included in the measurenent

val ue of the encoder has been corrected 10 based on information on

the flatness of the scale. Accordingly, the novable body can be
driven in thePoPf edéfer @ nRFeAstetigiEdv t B reghiar cuPasglising the the

encoder w thout, being, affected hy the unevenness, of e scal e. ,
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process of noving the novable body 1n a direction paral
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that measures position information of the novable body in a

direction parls helvatod et hedgecamibeadirsvby in rtadi predgtarmeasdreimnition
beam to a reflection surface arranged on the novabl e body, and a
measur enent \edsRd oin aheowrbureesieronateraftet owaseeesor?5in which a

position information of the novable bodé%in a direction parallel to
the first axiReFHFIIIRRS CERG &2 WERS ekt Isdaass ef &£ hepradei irluded

surface arranged.on the novabl e body; a_pr.ocess f decidin
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of an encoder and information on fl atness
predetermined direction with high accuracy using the encoder
without being affected by the unevenness of the scale.
According to a second aspect of the present invention,
15 there is provided a second movable body drive method in which
a movable body is driven within a moving plane including first
and second axes that are orthogonal to each other, the method
including: a first moving process of moving the movable body
in a direction parallel to the first axis, based on a
20 measurement value of a first interferometer that measures
position information of the movable body in a direction
parallel to the second axis by irradiating a measurement beam
to a reflection surface arranged on the movable body, and a
measurement value of a second interferometer that measures
25 position information of the movable body in a direction
parallel to the first axis by irradiating a measurement beam
to a reflection surface arranged on the movable body; a process

of deciding correction information of grating pitch of a scale

that is sequentially placed facing a head unit according to



of the scale, the head unit constituting the encoder that 5 measures
position informati on of the novable body in a direction parallel to
the first axis based on a neasurenent value of a head that faces the
scal e arranged on the novable body having a grating in a
predeterm ned pitch whose periodic direction is the direction

parallel to the first axis, and 10 including a plurality of the heads
that are placed at a predeterm ned distance along a direction
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second axis; and a process of driving the movable body in a

direction parallel to the first axis, while correcting a

measurement value obtained from the head unit based on the
15 correction information of grating pitch.

With this method, the movable body is moved in a
direction parallel to the first axis, based on the measurement
value of the first interferometer that measures position
information of the movable body in a direction parallel to

20 the second axis and the measurement value of the second
interferometer that measures position information of the
movable body in a direction parallel to the first axis. Then,
correction information of grating pitch of the scale that is
sequentially placed facing the head unit according to the

25 movement of the movable body in the first moving process is
decided based on the measurement value of the second
interferometer, the measurement value of the encoder and
information on the flatness of the scale, the head unit

constituting the encoder that measures position information



predet erm ned pitch whose periodic direction is a direction 5

parallel to the first axis, and including a plurality of the heads

pl aced at a predeterm ned distance in a direction parallel to the
second axis. In this case, a nmeasurenent error caused by the

flatness of the scale included in the nmeasurenent value of the

encoder can be corrected based on information 10 on the flatness of

the scale, and correction information of the grating pitch can be

deci ded based®brihhacwehiereadrtiva dérestipRedenebhel taf the fhest axis
correction and the neasurenent value of the second interferoneter.
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pitch 20 of the scale. According to a third aspect of the present
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a process of nounting an object on a novabl e body that can nove
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accuracy. the grating pitch can be decided based on the measurement value
of the encoder after the correction and the measurement value
of the second interferometer. Then, while correcting the
measurement value obtained from the head unit based on the
15 correction information of grating pitch, the movable body is
driven in a direction parallel to the first axis. Accordingly,
the movable body can be driven in a predetermined direction
with high accuracy using the encoder without being affected
by the unevenness of the scale and an error of grating pitch
20 of the scale.
According to a third aspect of the present invention,
there is provided a pattern formation method, including: a
process of mounting an object on a movable body that can move
within a moving plane; and a process of driving the movable
25 body using either one of the first and second movable body
drive methods of the present invention in order to form a -
pattern on the object.

With this method, by forming a pattern on the object that

is mounted on the movable body that is driven with high accuracy



According to a fourth aspect of the present invention, 5 there is
provided a first device manufacturing nethod including a pattern
formati on process, wherein in the pattern formation process, a
pattern is forned on a substrate using the pattern fornmation nethod
of the present invention. According to a gifth aspect of the present
invention, 10 there is provided a first exposure nethod in which a
pattern is forned on an object by irradiation of an energy beam the
met hod incILuﬂﬁﬁﬁg(ﬁﬁRHQﬁJQQen@iaE%é Bb8§ T oRNAhT LECR KNS bgdy drive
nmount ed, usin ither one of the first and second novable body drive
met hods of tﬁfgetg}%gsem hFe REFGRT &)PVFEFéPPveth?L@%‘&%ﬁ%n‘fa%felef H&rmed
ener gy beam and e Qhject. W.th this nethod, for the relative

novenent of t etteﬁr.:eero;fo ecgceéqn%t?rlr :}Ialcﬁ At 15 Che obj ect and the object,
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accuracy using either one™ Irst and second rrve
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formed on the object with high accuracy by scanning exposure.

Accor di ng to imclivdingapest tofn thenprtdsenproovent ivlisreiheéheths pattern
provi ded a second exposure nethod in which an object 25 is exposed
wi t h an ener jotyedmont peoretssod ai peltidirngisnbantedgon he lijssotaton weing
movabl e body that can nove in at least first and second directions
that are ortHofomAtiA%hifPEaprayaaitAthaf gittheresrhdringeis ke
novabl e body mﬁthi§~the .predeterg%ged Ianet ggs d on neasurenent |,
i nformati on of an §““Ef r T9y 8t EMFFA thto & PSR g WESIGR

o092 R ldnd 3°ELERORAL00 A\ 20 08 ALt e RS O P orn
is formed on an object by irradiation of an energy beam, the
method including: driving a movable body on which the object
is mounted, using either one of the first and second movable
body drive methods of the present invention, for relative

15 movement of the energy beam and the object.

With this method, for the relative movement of the energy
beam irradiated to the object and the object, the movable body
on which the object is mounted is driven with high accuracy
using either one of the first and second movable body drive

20 methods of the present invention. Accordingly, a pattern can
be formed on the object with high accuracy by scanning
exXposure.

According to a sixth aspect of the present invention,
there is provided a second exposure method in which an object

25 is exposedwith an energy beam, the method including: mounting
the object on a movable body that can move in at least first
and second directions that are orthogonal within a

predetermined plane; and driving the movable body within the

predetermined plane, based on measurement information of an



and the head unit is arranged facing the surface of the novable 5

body and whi ch nmeasures position information of the novable body
within the predeterm ned plane, and based on information on flatness
of the grating section. Wth this nethod, the novabl e body can
accurately be driven within a predeterm ped plane using the encoder
system 10 without being affected by the flatness of the grating
section, and therefore the object nounted on the novabl e body can be
exposed with HFSe EWHER IR vbigiingneoca seveathnaspeetiof ame a head
present invention,, there is provided a thirdiﬁégosure met hod in

whi ch an obj Bttt 755 & TR PR P Fifery MOYaRL Srétdshy o which
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| east fi grg_st rmcla;illned RS eocrrllcd i rmeochrllto%c_]s "’Vﬂcgttq'é eo%}%%oog%%e vﬁrta?hplr{lga section
pr ed.et erm ned, @H@;h@aﬂguﬁ [Et{Qlalr'r %g%dpPééiﬁ(gr{h%f S%Pfagg\é@tﬁefr%%le
within the predetermned plane so that a neasurenent error 20 of an
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arranged on a surface of the novabl e body on which the object is
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arranged facing the surface of the novable body and whi ch neasures
posi tion i nf emmetliadmess tdie oy abta 26y boytvarthi n t he predet er mi ned

pl ane, is conpensated, based on neasurenent infornation of the
encoder system and Widdr &S &etineCor flxs &9viab lec dordlanee wadwrately be
characteristic , infornmation of the grating section and the head unit.
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caused by the{LRUACIRIISEHES object mounted on the movable body can be
exposed with high accuracy.
According to a seventh aspect of the present invention,
there is provided a third exposure method in which an object
15 is exposed with an energy beam, the method including: mounting
the object on a movable body that can move in at least first
and second directions that are orthogonal within a
predetermined plane; and controlling a position of the movable
body within the predetermined plane so that a measurement error
20 of an encoder system, in which one of a grating section and
a head unit is arranged on a surface of the movable body on
which the object is mounted and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable
25 Dbody within the predetermined plane, is compensated, based
on measurement information of the encoder system and
correction information in accordance with characteristic
information of the grating section and the head unit.

With this method, the position of the movable body can



of) the grating section and the head unit, and therefore the 5 object
nmount ed on the novabl e body can be exposed with high accuracy.
According to an eighth aspect of the present invention, there is

provi ded a fourth exposure nethod in which an object 1is exposed with
an energy beam the method including: nounging 10 the object on a
novabl e body that can nove in at least first and second directions
that are orthogonal within a predetermned plane; and controlling a
posi tion of t¥eCHpvadle PoswmntsaHiad tidhgredepsrathetmpnadedlaagagsing
on neasurenent. infornation of an, encoder sésten1in which one of a
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encoder systemthat occurs due to flatness of 'the grating section.

Wth this nmetdawodirddwe. position of the novable body can accurately be
controlled wwthin a predeterm ned plane using 25 the encoder system
wi t hout bei ng af f edt@rb i weasuresindtith espectod f tihe pnesdet ywdremon,
that occurs due to the flatness of the grating section, and '
therefore thetdfeds RBaNieadon fQHEs¥apErsodythad Ive whisbsad apiect
hi gh accuracy. Accordiqg nint h aspect of the present invention,

1% Rere | s 4 GHPASEITETR o ERPESY Fet hBE TR ERCAHIéBPEIOUT sing
cxposed uhth Bl SHSIA ool pLUERYE od, 0Pl A1 I 19 1 808 5zt
and second directions that are orthogonal within a
predetermined plane; and controlling a position of the movable
body within the predetermined plane, based on measurement
information of an encoder system in which one of a grating
15 section and a head unit is arranged on a surface of the movable
body on which the object is mounted and the other of the grating
section and the head unit is arranged facing the surface of
the movable body and which measures position information of
the movable body within the predetermined plane, and based
20 on correction information to compensate a measurement error
of the encodex system that occurs due to flatness of the grating
section.
With this method, the position of the movable body can
accurately be controlled within a predetermined plane using
25 the encoder system without being affected by a measurement
error of the encoder system that occurs due to the flatness
of the grating section, and therefore the object mounted on

the movable body can be exposed with high accuracy.

According to a ninth aspect of the present invention,



and second directions that are orthogonal within a 5 predeterm ned
pl ane; and controlling a position of the novable body within the
predeterm ned pl ane, based on neasurenent information of an encoder
systemin which one of a grating section and a head unit is arranged
on a surface of the novable body on whiciythe object is nounted and
the other of the grating 10 section and the head unit is arranged
facing the surface of the novable body and which neasures position
i nformati on dfheisd mprapiecegodyf W thisxporups apdthachilnedhprhnen oriect
based on correction information to conpensate a _neasurenent error
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grating section and a displacenent of novabl e"body Iin a direction

different frawodhesitlish ahd peeasdediniacti plsneandalsher efomeaddement
obj ect mounted on the novabl e body can be exposed with high

accuracy. 25 iAcfoomdhtnigon eofa drergricadae iy ofent hien prieisentonaenvwehtd agating
there is provided a sixth exposure nethod in which an object is
exposed w t h SAfteier gpdnranac welhdtshadrenepddimg: swotmee o the movable
obj ect on a @gﬁbl e hody that can mpve in at least first and second
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the movable body and which measures position information of
the movable body within the predetermined plane, and based
on correction information to compensate a measurement error
of the encoder system that occurs due to the grating section

15 andadisplacement of the movable body in a different direction
from the first and second directions.

With this method, the position of the movable body can
accurately be controlled within a predetermined plane using
the encoder system without being affected by a measurement

20 error of the encoder system that occurs due to the grating
section and a displacement of movable body in a direction
different from the first and second directions, and therefore
the object mcunted on the movable body can be exposed with
high accuracy.

25 According to a tenth aspect of the present invention,
there is provided a sixth exposure method in which an object
is exposed with an energy beam, the method including:

mounting the object on a movable body that can move in

at least first and second directions that are orthogonal within



predet ermi ned pl ane, based on neasurenent information of an 5

encoder systemin which one of a grating section and a head unit is
arranged on a surface of the novable body on which the object is

nount ed and the other of the grating section and the head unit is
arranged facing the surface of the novable2z body and whi ch neasures
position information of the novable 10 body within the predeterm ned

pl ane, and based on correction information to conpensate a

nmeasur enent et rRfeRteHRlRe@ opbrne s3Rd el Shatabcer birrieviteh t FRSPect to
grating sectign and énclinati n . of the novable body. Wth this

met hod, the pos tRoTASFeTAE rdVRbPReho%can 15 accurately be

controlled within r.edet-erm ned pl.ane _usi t he_encoder .system
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aspect of the present invention, there is provided a seventh

exposur e net hodii nisvactarpedbprecd sihsf£xpasedive thowdb B es§yy heamhich
the nethod including: nmounting the object on a novabl e body that can
move in at | edsd dhjeat 2bs anehineedmhdi tleetdtunsr tdiittlae eyt hrogosadtion
wi thin a predeterm ned plane; and controlling a position of the

novabl e body2W theMe&@ Updiddes eénfanaedfanenapdseaushaneaasiitbpamvable
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whi ch neasur e, RAshd4 Q8 10y CLARERQALR! 4 measurement error of the encoder
system that occurs due to the grating section and inclination
of the movable body.

With this method, the position of the movable body can

15 accurately be controlled within a predetermined plane using
the encoder system without being affected by a measurement
error of the encoder system that occurs due to the grating
section and the inclination of the movable body, and therefore
the object mounted on the movable body can be exposed with

20 high accuracy.

According to an eleventh aspect of the present invention,
there is provided a seventh exposure method in which an object
isexposedvﬁih@ﬂlenergybeam,thenmthodincluding:nwunting
the object on a movable body that can move in at least first

25 and second directions that are orthogonal within a
predetermined plane; and controlling a position of the movable
body within the predetermined plane, based on measurement
information of an encoder system in which one of a grating

section and a head unit is arranged on a surface of the movable



t he novabl e body within the predeterm ned pl ane, and based 5 on
correction information to conpensate a neasurenent error of the
encoder systemthat occurs due to the grating section and the head
unit. Wth this nethod, the position of the novabl e body can
accurately be controlled within a predeteran ned plane using 10 the
encoder system wi thout being affected by a neasurenent error of the
encoder systemthat occurs due to the grating section and the head
unit, and t hé?edvee YiHechbhectbittihtsdiown-edhaendoMubréhbsdyf the drating
exposed with hi%rtli accuracy. Accordi n% to a twelfth aspect of the
present i nvert$omon £ hea Mo tddd aRrergRenfaxpBsutle Bt htrrs (PL
which an object. is posed, wWi_t h, an.ener beam _t he et hpd .
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novabl e body amd Hilre thea@5aprtedet er m ned pl ane, and an interferoneter
systemthat neasures position information of the novable body in at
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the nmovabl e Rady, i n ¢ hed idfloder system that occurs due to the grating

section and the head unit, and therefore the object mounted

on the movable body can be exposed with high accuracy.
According to a twelfth aspect of the present invention,
15 there is provided an eighth exposure method in which an object
is exposed with an energy beam, the method including: mounting
the object on a movable body that can move in at least first
and second directions that are orthogonal within a
predetermined plane; preparing an encoder system in which one
20 of a grating section and a head unit is arranged on a surface
of the movable body on which the object is mounted and the
other of the grating section and the head unit is arranged
facing the surface of the movable body and which measures
position information of the movable body within the
25 predetermined plane, and an interferometer system that
measures position information of the movable body in at least
the first and second directions; and deciding correction
information used to compensate a measurement error of the

encoder system in the first direction that occurs due to a



direction and based on information on flatness of the grating 5
section, and controlling a position of the novable body in the first
direction based on the neasurenent information of the encoder system
and the correction information. Wth this method, the position of the
novabl e body can accurately be controlleth within a predeterm ned

pl ane using 10 the encoder system w thout being affected by a
measurenment error of the encoder systemthat occurs due to a

formati on erfUmafiiamergioa Phgtbe dianareatienef breethen gisjasiirement
nounted on the novabl e bogy an be exposed with high accuracy.
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system that utd e sa anvrabite dnodyssdbshabhé ahdys@dOign® information of
predeterm ned plane, the system conprising: an encoder that has a
head t hat 25 ting aficidssr systectdoh thghtone @t iswal n famnaigien gr at i ng
whose periodic direction is a predeternmined direction within a plane
parallel to the pr éﬁ@%ﬁﬁﬂﬁe@ebﬁaﬁe gl pascidi s of thEl seveldle|bedy can
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scal e. error of the encoder system that occurs due to a formation
error of the grating section, and therefore the object mounted
on the movable body can be exposed with high accuracy.

According to a thirteenth aspect of the present

15 idinvention, there is provided a second device manufacturing
method including a lithography process, wherein in the
lithography process, a sensitive object is exposed and a
pattern is formed on the sensitive object using either one
of the second teo eighth exposure methods of the present

20 invention.

According to a fourteenth aspect of the present
invention, there is provided a first movable body drive system
that drives a movable body substantially along a predetermined
plane, the system comprising: an encoder that has a head that

25 irradiates a detection light to a scale having a grating whose
periodic direction is a predetermined direction within a plane
parallel to the predetermined plane and receives a reflected

light from the scale, and measures position information of

the movable body in the predetermined direction; and a drive



Wth this system the drive device drives the novable 5 body in a
predeterm ned direction based on the neasurenent value of the

encoder that neasures position information of the novable body in

the predeterm ned direction and information on the flatness of the
scale to which a detection light fromthe head of the encoder is
irradiated. In this case, 10 the drive device can drive the novable
body in the redeterm ned direction, based on the neasurenent val ue
after correcd$6ie ntdt cAravasadivee mgitabler rbedradisedhsy nipsletermined
flatness of the scale included in the neasurenment error of encoder

has been corteciTd YaskAen PRedi REBFHAETERToNALHE Pifatthes £rsiodpy and

the scale. Accordingly. the vabl e body .can be driven in a
pr edet er m ned ti T8 %%‘?‘P wit h%?ﬁtgrhe%%c atc}§/e USfHg" the encoder  wit hout
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fifteenth aspect of the prese invention, e I1s provid

second nogabli,dpdyn & eSSt 8 ddBtd i 2O 10rd Y as feduable BNsurement
wi thin a noving plane including first and second axes that are

orthogonal torselach off hets ddedystigmt eaHusdNGof fidStinformation of
interferoneter that neasures position information of the novable

body in a dirdeti omyparla | édodyp drhe Weconradaetsehyinied adiiateaigian  and
measur ement beamto a 25 reflection surface arranged at the novabl e
body; a secordfqiafien emetbe flatinemasdr ebepesiie dp Whiiehnatdereafion
t he novabl e bo i.n a direction parallel to the first axis_by .
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plurality of
correction in which a measurements error caused by the flatness

of the scale included in the measurement error of encoder has

been corrected based on the information on the flatness of

15 the scale. Accordingly, the movable body can be driven in

a predetermined direction with high accuracy using the encoder
without being affected by the unevenness of the scale.

According to a fifteenth aspect of the present invention,

there is provided a second movable body drive system that

20 drives a movable body within a moving plane including first

and second axes that are orthogonal to each other, the system

comprising: a first interferometer that measures position

information of the movable body in a direction parallel to

the second axis by irradiating a measurement beam to a

25 reflection surface arranged at the movable body; a second

interferometer that measures position information of the

movable body in a direction parallel to the first axis by

irradiating a measurement beam to a reflection surface

arranged at the movable body; a scale that has a grating in



predet erm ned di stance along a direction parallel to the 5 second

axis, and constitutes, together with the scale, an encoder that
measures position information of the novable body in a direction
parallel to the first axis; a decision device that noves the novabl e
body in a direction parallel to the firstgaxis based on a

measur enent value of the first 10 interferonmeter and a neasurenent

val ue of the second interferonmeter, and decides correction

i nformati on of Pgedetrgmipedchlbeh iwsscaEeiofac direeimntisap|direction
pl aced facing the head wunit_according to the novenment based on_a
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pitch of the scale that is sequentially placed facing the head

unit according to the movement based on a measurement value
of the second interferometer, a measurement wvalue of the

15 encoder and information on flatness of the scale; and a
controller that drives themovable body in a direction parallel
to the first axis while correcting a measurement value obtained
from the head unit based on the correction information of the
grating pitch.

20 With this system, the decision device moves the movable
body in a direction parallel to the first axis, based on the
measurement value of the first interferometer that measures
position information of the movable body in a direction
parallel to the second axis and the measurement value of the

25 second interferometer that measures position information of
the movable body in a direction parallel to the first axis.
Further, based on the measurement wvalue of the second
interferometer, the measurement wvalue of the encoder and

information on the flatness of the scale, the decision device



head unit according to the novenent of the novabl e body, the 5 head
unit constituting, together with the scale placed on the novable

body, the encoder that neasures position information of the novable
body in a direction parallel to the first axis and having a

plurality of heads placed at predeterm nedy distance along a

direction parallel to the second axis. In 10 this case, the decision
devi ce can correct a neasurenent error caused by the flatness of the
scal e i ncl udetEGifiathe amaatamnt infgraatébnt hefengbaeinpaseiton whose
information on the flatness of the scale, and can decide correction
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encoder after 5 correch}on a
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novabl e body can be driven in a predeternlned direction wth high

accuracy usi ng#dis eboager thkt hotbddeigrgtahbastieds BysiheonnevRIMEsS on
of the scale and the error of grating pitch of the scale. According
to a sixteentdf agpendvvableheogy esentdingentonmardbiehdercethe Provi deds
a pattern formation apparatus, conprising: a novable body on which
an obj ect is afslnkedingd awi kirabity nefe heads rokaseyi A plzefetermined
hol di ng the 3g{ect and either  one of the first and second novabl e

body drive syStSerdiS QQR?Q'ﬁrQééﬁFtﬂﬁ@eHﬁFSﬁlﬁﬁaFodFF§e§eFﬁ%dn%%h%ieIn
body for
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movabl e body éﬂ?sted Eyq‘fﬂ VPDatness of the scale included in the measurement
value of the encoder based on information on the flatness of
the scale, and can decide correction information of grating
pitch based on the measurement value of the encoder after the
15 correction and the measurement wvalue of the second
interferometer. Then, the controller drives the movable body
in a direction parallel to the first axis while correcting
the measurement value obtained from the head unit based on
the correction information of the grating pitch. Accordingly,
20 the movable body can be driven in a predetermined direction
with high accuracy using the encoder without belng affected
by the unevenness of the scale and the error of grating pitch
of the scale.
According to a sixteenth aspect of the present invention,
25 there is provided a pattern formation apparatus, comprising:
a movable body on which an object is mounted and which can
move within a moving plane, holding the object; and either
one of the first and second movable body drive systems of the

present invention that drives the movable body for pattern



wi th high accuracy by either one of the first and second novable 5
body drive systens of the present invention, the pattern can be
formed on the object with high accuracy. According to a seventeenth
aspect of the present invention, there is provided a first exposure
apparatus that forns a pattern on an objert by irradiation of an
energy beam 10 the apparatus conprising: a patterning device that
irradiates the energy beamto the object; and either one of the
first and setUMpHovaRR BRIyRITGe systens of the present

i nvention, wherein_ driving of the novabl e body on which the object .
is nounted by the Higvhbhb BRRR @V RY SheRF St eping HEdipgoenharating

relati ve nove t..of _the er beam and .t he obj,ect. fth.this .
apparatus, for teterre att 3:21 em)gt%/[b ent ot dikhee moevnalebﬁg%/ kbo\égaymhqr}arhta(fi satde\rdlman
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body drive systemof the pre Invention drives the novabl e body

on whi ch the iy eetrive 29sienat 66 whd i Ghtageeaty onACEREAL RSt ¥rn &an
pattern can be formed on the object with high accuracy by scanning
exposure. Adeporiih:mged corancled gidpent hwiaspacigtofaddherpresent

invention, there is provided a second exposure apparatus that

exposes an obj ect iaderslirgnekgy dearnyvenhieeapparaspect 25 fcohpei ghragent
a novabl e body that can nove in at |least first and second directions
that are ortHOYGE 1G4 Kb rs 1prebeYbied red igisdnerrRenEpmprpaeatus that

ool et an, ool SSLED. i i sl Sfe of 2 gupting. sertionand 3 .,
obyect ! 2q0*!thel$op AL BhLer 1, e B AL 3500 200 DL
measur es posid] PR BHdPt Ll GUITVAL & RO MdDidhd N che first
and second movable body drive systems of the present invention,
wherein driving of the movable body on which the object is
mounted by the movable body drive system is performed for

15 relative movement of the energy beam and the object.

With this appa;atus, for the relative movement of the
energy beam irradiated from the patterning device to the object
and the object, the movable body drive system of the present
invention drives the movable body on which the object is

20 mounted with high accuracy. Accordingly, a pattern can be
formed on the object with high accuracy by scanning exposure.

According to an eighteenth aspect of the present
invention, there is provided a second exposure apparatus that

' exposes an object with an energy beam, the apparatus
25 comprising: a movable body that can move in at least first
and second directions that are orthogonal within a
predetermined plane, holding the object; an encoder system

in which one of a grating section and a head unit is arranged

on a surface of the movable body on which the object is held



predeterm ned plane; and a drive device that drives the novable 5
body within the predeterm ned plane based on neasurenent information
of the encoder systemand information on flatness of the grating
section. Wth this apparatus, the novable body can accurately be
driven within a predeterm ned pl ane usingi$he encoder system 10
wi t hout being affected by the flatness of the grating section, and
therefore the object nmounted on the novabl e body can be exposed with
hi gh accur acy2RAckd? dPRBeE00d RhRepEatithdasesdionf anse thedwad unit is
invention, there is $r9vided a third _exposure apparatus that 15

h
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head unit is arranged 20 on a sur nmovabl e y on
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unit is arranged facing the surface of the novable body and which
measur es posiinformafosmati ohe dnddieeyahbke Hody ndditiat itldieon flatness
predeterm ned plane; and a controller that controls a position 25 of
t he novabl e bodytlve tdiattihe peededmr m ned pl ane so that a
nmeasurenent error of the encoder systemis conpensated, based on
measur enent i nf or matitdh tH st dePRRbaRr %m@ﬁﬁngﬂaé bedy caet peaurately be
i nfornati on kﬁﬁﬁccord nce with characteristic infornmation of the
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by a and therefore the object mounted on the movable body can be
exposed with high accuracy.

According to a nineteenth aspect of the present

invention, there is provided a third exposure apparatus that

15 eXposes an object with an energy beam, the apparatus

comprising: a movable body that can move in at least first

and second directions that are orthogonal within a

predetermined plane, holding the object; an encoder system

in which one of a grating section and a head unit is arranged

20 on a surface of the movable body on which the object is held

and the other of the grating section and the head unit is

arranged facing the surface of the movable body and which

measures position information of the movable body within the

predetermined plane; and a controller that controls a position

25 of the movable body within the predetermined plane so that

ameasurement error of the encoder system is compensated, based

on measurement information of the encoder system and

correction information in accordance with characteristic

information of the grating section and the head unit.



measur enent error of the encoder system caused by (the 5
characteristics of) the grating section and the head unit, and
therefore the object nmounted on the novabl e body can be exposed with
hi gh accuracy. According to a twentieth aspect of the present
invention, there is provided a fourth exppsure apparatus that

exposes 10 an object with an energy beam the apparatus conprising:

a novabl e body that can nove in at |east first and second directions
that are orthogonalWih Kl s apredetersy tbe pbangionhofdiing méreable body
obj ect; an encoder systemin which one_of a grating section and a
head unit is %% adgedrdhehy shef seBLEPLLRE WaFABINe 21 D USSIRF Tt Plane

th bj ect i hel d dth t.h f th ti g dth d
(e oblect s teld and the other of Lhe qraling sesiion.and he hesd
measures posi ép#)&fé}ﬁ&{gate'rggr()foft @Een?%rg{)éfepog§FWe¥nhl@a&%]eed bgf {the

predet erm ne ane; and a “control l'er controlfs a position

the nmovabke hagdy- yiidi 15204 her pradet eri ned Hlangn bASEA 0 head unit,

correction information to conpensate a neasurenent error of the

encoder syst end haterofetd sHH@ It albh@tedobnt BReOhathPUe SB6EY Ofen be
and based on neasurenment information of the encoder system Wth

t hi s appar at is¢pddmd posti i miglofaddheramyabl e body 25 can accurately
be controlled within a predeterm ned plane using the encoder system
wi t hout being af f edtabusing tagasSuenheatharsmactobLttie pnesdak sysirdmon,

that occurs duye to  the flatness of the grating section, and
therefore thej%ects RERIMERE oh THE TV S WRIVARRAT Hel exgrde XRAIES
hi gh accupa

cy._ 21 . Accordi,ng to a twenty-first aspect of the present
nvent i o0t I8 SRALEE GO TR BhidY BAur R ST TS pages 2
an obj ect w %ﬁbf@e}ggﬁyb%ﬁ'@t t&ﬁl angx%aE_HS at least first and second
directions that are orthogonal within a predetermined plane,
holding the object; an encoder system in which one of a grating
section and a head unit is arranged on a surface of the movable
15 Dbody on which the object is held and the other of the grating
section and the head unit is arranged facing the surface of
the movable body and which measures position information of
the movable body within the predetermined plane; and a
controller that controls a position of the movable body within
20 the predetermined plane, based on correction information to
compensate a measurement error of the encoder system that
occurs due to flatness of the grating section and based on
measurement information of the encoder system.
With this apparatus, the position of the movable body
25 can accurately be controlled within a predetermined plane
using the encoder system without being affected by a
measurement error of the encoder system that occurs due to
the flatness of the grating section, and therefore the object

mounted on the movable body can be exposed with high accuracy.



conprising: a novable body that can nove in at |least first 5 and
second directions that are orthogonal wthin a predeterm ned pl ane,
hol ding the object; an encoder system in which one of a grating
section and a head unit is arranged on a surface of the novabl e body
on which the object is held and the other; of the grating section and
the head unit is 10 arranged facing the surface of the novabl e body
and which neasures position information of the novabl e body w thin
the predetern ned Asicatslinghdta contventerfingt especs sofh pbsi thxmsent
of the novable body within the predeterm ned plane, based on
correction i NOfTRETUN (S eESpéneapelaedenddfdbeREPEFESE SPPABAERR that
encoder systemthat occurs,due.to t@g rati n%rﬁsect' on_an

d
di spl acenent BPIHE® msvabPRIGSEy Th T f &SP Y géf“i’onth‘?r c?rﬁlzféﬁﬁitus
Y 0 .‘ . i .
T g

t he encoder system position € nova

body 20 ean acsurad@bydbeqepatsobhed whihi naacpr edeteiyonnad Rliaen a
usi ng the encoder systemwi thout being affected by a rmeasurenent

error of the ereddssrsyid@midted, atCIdSndluthd b idter grat idi-&Rot iBfstem
and a displ acenent of the novable body in a direction different from
the first andirsedomdh dneecfinxatihcardcthenedind e tieadohnéct i seunteadyed
on the novabl e body can be exposed with high accuracy. According to

a twenty- secoiid daspadeces of hehpreeentle inndhtdromhicherhei sbpeovi dediedd
si xth exposurerfgpé)arat us that = exposes an object with an energy beam,

t he appar atu ROprier ngt BhRodaBFénBodfCtRal &8R e Haidhunit is

oot AR RN S o s L baL ot QELhodgneh MAILI St unson

measures position information of the movable body within the

predetermined plane; and a controller that controls a position

of the movable body within the predetermined plane, based on

correction information to compensate a measurement error of

15 the encoder system that occurs due to the grating section and

a displacement of the movable body in a different direction

from the first and second directions and based on measurement
information of the encoder system.

With this apparatus, the position of the movable body

20 can accurately be controlled within a predetermined plane

using the encoder system without being affected by a

measurement error of the encoder system that occurs due to

the grating section and a displacement of the movable body

in a direction different from the first and second directions,

25 and therefore the object mounted on the movable body can be

exposed with high accuracy.
According to a twenty-second aspect of the present
invention, there is provided a sixth exposure apparatus that

exposes an object with an energy beam, the apparatus



predet ermi ned pl ane, holding the object; an encoder system5 in which
one of a grating section and a head unit is arranged on a surface of

t he novabl e body on which the object is held and the other of the
grating section and the head unit is arranged facing the surface of

t he novabl e body and which neasures posiddon information of the
novabl e body within the 10 predeterm ned plane; and a controller that
controls a position of the novable body wi thin the predeterm ned

pl ane, based WP EEF¥EEL | DM FEDESEIIHN e oremeiie @ mdasifagterdftirst

error of the r§£COder systemthat occurs due to the g%%tin section
and inclinati¥h ofStMeA movabFELbBAY aRB2baséd®on OFEASGCERENt Wifhin 2

information qf t encode ystem Wth this apparatus,.the positjio
of the rmovabl® Boc yernclzle{he% ijlﬂfhet 8y BeSRomty (f1rlO N R 5%88‘:{: £ the

pr edet er m ne ANE i n : i 1 i

by a rreasurg)rr%nt errrr%@éc}? éﬂ%%’ngg%gélé%:{%rg%ja o’cc%fr?s ucg&%lgcs%gdtem
the gratipg s@ckiarnaBdetbe 4 REHARY QBcRh ochhendOy #R)a8 BAYY. i s AW-anged
therefore the object nounted on the novabl e body can be exposed w t%
hi gh accuracyn Aceordizng bH@ ahéwentybldivshaspeahich the presentis held
invention, there is provided a seventh exposure apparatus that 25
exposes an olfrettthvé tditlaer enfr ghebgaatinbesapparat asndcaimer ihslangurd t is
movabl e body that can nove in at least first and second directions
that are ort fgg@ERded facina theederépaened phanaovadle hydvhend which

obj ect; an encoder system .in which one of a grating sectiqon and a
head unit is ™ PSSR IBEPFRRELET Phe HOTRNIPE LRSS Wk tk the

(e oo o5t | . 06lk 8 0g, 9P 1l A 00, L0 A0 L
of the movable body within the predetermined plane, based on
correction information to compensate a measurementi error of
the encoder system that occurs due to the grating section and
inclination of the movable body and based on measurement

15 information of the encoeder system.

With this apparatus, the position of the movable body
can accurately be controlled within a predetermined plane
using the encoder system without being affected by a
measurement error of the encoder system that occurs due to

20 the grating section and the inclination of the movable body,
and therefore the cobject mounted on the movable body can be
exposed with high accuracy.

According to a twenty-third aspect of the present
invention, there is provided a seventh exposure apparatus that

25 exposes an object with an energy beam, the apparatus
comprising: a movable body that can move in at least first
and second directions that are orthogonal within a
predetermined plane, holding the object; an encoder system

in which one of a grating section and a head unit is arranged



measures position information of the novable body within the 5
predeterm ned plane; and a controller that controls a position of

t he novabl e body within the predeterm ned pl ane, based on correction
information to conpensate a nmeasurenent error of the encoder system
that occurs due to the grating section argh the head unit and based

on neasurenent information of the 10 encoder system Wth this
apparatus, the position of the novabl e bod can accurately be

control | ed wi%hien SETEREGePEr B Ao iakR L 9§ wha canEbae?bsyet eln held

w t hout bein cted by a _neasurenment error of the encoder system
that occurs gHEI 50T$%rg?5tFﬂ§ geetiBA SRATLRB ﬁ@gdtﬁﬁlpeagn@nlt is

therefore the %giect unted on the novable be exp osed\M

hi gh accuracy %% ?w%%f a?%u? htggpégva tﬁ@dﬁféggkt
i nventi on, tbz?éa%drseéa %\é'lQ?Lq)naEn?EQBBEiSﬁ%)?Ucrl'f‘e ARRARALUB ] a‘ntrlths.% the

exposes an object w tHh an energy beam the apparatus 20 coO

a movabl esbo@yrddiate GRihdP¥eahl ; &ind gasinifidSte ABHas AN Hid 8d QNS on
that are orthogonal within a predeternlned pl ane, hol di ng the

obj ect; an enchder syshbie bodphicthineef pacdeakiradnsachilanearsh$ed on
head unit is arranged on a surface of the novabl e body on which the
obj ect is hel@RBcmidn haforrat ioh tthecgnpehngtsesthonsanereie dean: of
unit is arranged facing the surface of the novabl e body and which
neasur es positti®fncrEeEnaY s bamothathe aemrabecerlyr A eBRAinEesection and

pr edet er m ne an |nterfe oneter systemthat neasures  position
i nf or mat i on gf“p% ﬁ@%v%}% %%@Jy ARedt OPeﬁgﬁSPﬁ@mﬁpﬂcsﬂniﬁruﬁﬁ&ogle@én&he

dlreCtIOTé %ﬁ&; contrq!%ﬁr that decides correction infornmation
used to conpens e a neasurement error of the encoder systemin the

first direction thgl 9ceuis d¥Baratus, the position of the movable body
can accurately be controlled within a predetermined plane
using the encoder system without being affected by a
measurement error of the encoder system that occurs due to

15 the grating section and the head unit, and therefore the object
mounted on the movable body can be exposed with high accuracy.
According to a twenty-fourth aspect of the present
invention, there is provided an eighth exposure apparatus that
exposes an object with an energy beam, the apparatus

20 comprising: a movable body that can move in at least first
and second directions that are orthogconal within a
predetermined plane, holding the object; an encoder system

in which one of a grating section and a head unit is arranged

on a surface of the movable body on which the cobiject is held

25 and the other of the grating section and the head unit is
arranged facing the surface of the movable body and which
measures position information of the movable body within the
predetermined plane; an interferometer system that measures

position information of the movable body in at least the first



to a formation error of the grating section, based on 5 measurenent
information of the encoder systemand the interferoneter system
obt ai ned by noving the novable body in the first direction and based
on information on the flatness of the grating section, and controls

a position of the novable body in the fizst direction based on the
measurenent 10 information of the encoder systemand the correction
information. Wth this apparatus, the position of the novable body
can accur at el3phe s€59YDb| IFégefitibing ja praded er pemieto bl ahe thisi ngatisles
encoder system wi t hout being affected by a 15 nmeasurenent error of

the encoder SRR 18ECHFETAER 19°d ZOF SRRRET DMt @A BB ¢RENE error

rati ng secti and_t herefore, the, | ect, unted on th vabl e
body can be SIbSERIERITHCR GhetaBct dalF 196 TRRMEECBESeR PO G g due
DRAWNGS FI Gtol LS @Ml é&hsﬁb&ca&%ytﬁ@"‘%?gtmﬁ %%gft"%%rza.tb%edo“on
an exposure apparatus related to a first enbodi nent. Xel is a

pl an vi ewsshew g rensdrge 18eWr-a@ tiBnFl & lthe FldacodidrS 8yRBLaA VARY the
showi ng the placenent of various 25 neasurenent apparatuses (such as

encoders, al iigrrerfe Sysitedrs sysadefubbt pohatl B rftsireMchantoZaBe8SeE@yY in
that are equipped in the exposure apparatus in FIG 1. FIG 4Ais a
pl an vi ew shdoendgiaswafiérestage, amhdF«d odBnifsrmaschanatitthsifdatness
view showi ng a partial cross section 25 of wafer stage WsT. FIG 5A
is a plan vi & sheW@rrfingeastionrentngd g raifda MG tsm o ghe movable

schematic side view showing a partial cross section of the
measur enent cggé_ln the first direction based on the measurement

10 information of the encoder system and the correction
information.

With this apparatus, the position of the movable body
can accurately be controlled within a predetermined plane
using the encoder system without being affected by a

15 measurement error of the encoder system that cccurs due to
a formation error of the grating section, and therefore the
object mounted on the movable body can be exposed with high

accuracy.

20 BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a view schematically showing the configuration
of an exposure apparatus related to a first 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
25 measurement apparatuses (such as encoders, alignment systems,
a multipoint AF system, and Z sensors) that are equipped in
the exposure apparatus in FiG. 1.
FIG. 4A is a plan view showing a wafer stage, and FIG.

4B is a schematic side view showing a partial cross section



5 FIG 6 is a block diagram showi ng the main configuration of a
control system of the exposure apparatus related to the first

enbodi nent. FIGS. 7A and 7B are views used. to explain position
measurenent within an XY plane of a wafer table by a plurality 10 of
encoders each including a plurality of hemls placed in the array
arrangenment, and the transfer of measurenment val ues between the
heads. FIG 8A is a view showi ng an exanple of the configuration of
the encoder, ¥nd'FE BE9IS WV ew used to explain the 15 mechani sm

i n whi ch neasurene rrors occyr _and to explain a relation _between
an incident 1ight diE oG 17 BLeE PEGHSIOT 50 BelRrart FPBSpREISt 0 S

reflective di]{ié.agéiiOQagsrc%ein%icV\é%Hé rx]rl%rx]«r %cg&grg%ghpﬁagﬁ :L&E]l. g‘ro%é s!esctaion

vi ew show ng e Case where a count value change~even

when the rel al# we, dJotd o0, A&+ O easur enment direction occurs
bet ween the head and the scale of 1the encoder, and FIG 9B is a view

showi ng ap exanpl e Fiaf. thies 6aSEo W@ & aGOLNbw V3 W CRANE QoI A8 on
relative notion in a non-neasurenent direction occurs between the

head and 25 dfhea socakteodf syheerncdHddre eRHpESurk)ApbariBDsarelstedsto the
used to explain the case where a count value of the encoder changes
and the case Niwste amzodigeriit- val ue does not change, when the

relative notion in _a non-neasurenent direction occurs between the
head and the 26 sdd®- Flisand1ABagdel B e YFehstasegrlgiaxmasition

an operation_ for acquiring,corregfjon informatign us to correct a
measur enent 156t %ﬁﬁ:gﬁggdgra?gg#ngpee GdBRYeE %y*iplurallty
10 of encoders each including a plurality of heads placed in the
array arrangement, and the transfer of measurement values
between the heads.
FIG. 8A is a view showing an example of the configuration
of the encoder, énd FIG. 8B is a view used to explain the
15 mechanism in which measurement errors occur and to explain
a relation between an incident light and a diffracted light
of a beam with respect to a reflective diffraction grating
within an encoder head.
FIG. S9A is a view showing the case where a count value
20 does not change even when the relative motion in a
non-measurement direction occurs between the head and the
scale of the encoder, and FIG. 9B is a view showing an example
of the case where a count value changes when the relativemotion
in a non-measurement direction occurs between the head and
25 the scale of the encoder.
FIGS. 10A to 10D are views used to explain the case where
a count value of the encoder changes and the case where the
count value does not change, when the relative motion in a

non-measurement direction occurs between the head and the



5 the relative notion of the head and the scale in a non-neasurenent
direction. FIG 12 is a graph show ng neasurenent errors of the
encoder with respect to the change in the Z-position when a pitching
anount 9x equals to a (Gx=a). 10 FIG 13 is a view used to explain an
operation for acquiring correction inforzmtion used to correct a
measur enent error of another encoder (a second encoder) caused by
the relative notion of the head and the scale in a non-neasurenent
direction. 15%¥8- 14 is a view used to explain the inconveni ence

rmatur ot ol o R LA 20 LSBT ko g don
to explain a h of. _.neasurin nevenness of .t he scal.e.. 20 FI GS,

16A 0 160 arbwi g%gu(lﬁ&.ngz)C%E%%??%O%xﬁng‘?’ﬁ%tﬁ&%o‘dse%f YfeaSBFFRGE 2
unevenness of,the, scal.e. H,G. L& 5 @n%b@@&y§§df£?%§xgﬁé6§e§ cau%??K?y

acqui sition operation of acquiring correction information of gra
pi tch andscorgiect iren doif@r MbitaBnof ogr atheg wefor nid ornef ségithein a

scale. FIG 18 is a view showing a state of the wafer stage and the
measur enent si@genadENr @xRos uderdyt Porst ep- and- scan nethod s being
performed to a wafer on the wafer stage. FIG 19 is a view showi ng a
state of the wafer Hitagd Zand 27 grar refasuireneda stagerithmediatelof the
after a state of both stages shifts fromthe state in which both
stages are sepHfer Midh Tesdedt her the ghangeelnnthhi zhodoihicr agen a
cone into contact A with each other, after exposure is finished.
pitching amount ©x eguals to a (6x=a).

10 FIG. 13 is a view used to explain an operation for
acguiring correction Iinformation wused to <correct a
measurement error of another encoder (a second encoder) caused
by the relative motion of the head and the scale in a
non-measurement direction.

15 FIG. 14 is a view used to explain the inconvenience that
occurs in the case a plurality of heads measure a plurality
of measurement points on the same scale.

FIG. 15 is a view (No. 1) used to explain a method of
measuring unevenness of the scale.

20 FIGS. 16AtoleDare views (No. 2) used to explain amethod
of measuring unevenness of the scale.

FIG. 17 is a view used to explain an acqguisition
operation of acquiring correction information of grating
pitch and correction information of grating deformation of

25 the scale.

FIG. 18 is a view showing a state of the wafer stage and
the measurement stage when exposure by a step-and-~scan method

is being performed to a wafer on the wafer stage.

FIG. 19 is a view showing a state of the wafer stage and



5 FIG 20 is a view showing a state of the wafer stage and the

measur enent stage when the neasurenent stage is noving in the -Y
direction and the wafer stage is noving toward an unl oadi ng position
whi | e keeping the positional relation between both stages in the
Y-axis direction. 10 FIG 21 is a view shomi ng a state of the wafer
stage and the neasurenent stage when the nmeasurenent stage has
reached a position where a Sec-BCHK (interval) is perforned. FIG 22
is a view shd‘vnenaeésgtrﬁfﬂ@nsfs?%e varedistade & *aertah@t%mfr%ﬁiéhtstages

wh h f df h 1 | d t
L0 %) ondl ng SHTT G e SERER i pHLAR, boRk %e&%s??a%Q LERS St
per f or med. FI cl’?%th%rat\é' 8 1§Q‘9¥\’1 ﬂ‘g vﬁl t.O%t?Lf SE §e\§a£81rn St eaﬁn act

t he maasurema St age when e maasureman stage S nove

optimal scrumwaj téam;h méf O Ande ae}&%sq;r@%s begfs dipaded 20 on the
wafer table. FIG 24 is a view showing a state of both stages when

the waf ersstage hagmmved 19 aavhesi sheowinber etbhe & itBCHKfefo8 ° and
process is perfornmed while the neasurenent stage is waiting at

opti mal scrurmhmineasposnt atadb wHda t2fe inseasureversthoviaye al.EStIT&t\ﬁ.ng
of the wafer stage and the neasurenent stage when alignnment marks
arranged in tiy é@e Y sitlralqtg@@eﬁndshbta deéas ategbelmguoving toward an

si mul taneously detected wusing alignment systens ALl, AL22 and AL23.
FIG 26 is aWHSasHM RgSatsbat #hdflet Heesping *'Slfl%gé’oéﬁﬁl%}alt Helation

portormed. FRSHRAT B g Sou g I S AATRESHIT ot age and

the nmeasypenent st %%.Wbﬁnlél | gggﬁnéh&?{rlﬁf aagrcgggegflﬂ.}'lef Wifer stage and
the measurement stage when the measurement stage has reached
a position where a Sec~BCHK (interval) is performed.

FIG. 22 1s a view showing a state of the wafer stage and
the measurement stage when the wafer stage has moved from the

15 unloading position to a loading position in parallel with the
Sec—-BCHKX {interval) being performed.

FIG. 23 is a view showing a state of the wafer stage and
the measurement stage when the measurement stage has moved
toanoptimal scrumwaiting position and a wafer has been loaded

20 on the wafer table.

FIG. 24 is a view showing a state of both stages when
the wafer stage has moved to a position where the Pri-BCHK
former process is performed while the measurement stage is
waiting at the optimal scrum waiting position.

25 FIG. 25 is a view showing a state of the wafer stage and
the measurement stage when alignment marks arranged in three
first alignment shot areas are being simultaneously detected
using alignment systems ALL, AL2; and ALZ2s.

FIG. 26 is a view showing a state of the wafer stage and



5 second al i gnnent shot areas are being simultaneously detected
using alignment systenms AL1 and AL21 to AL24. FIG 28 is a view
showi ng a state of the wafer stage and the neasurenent stage when at
| east one of the Pri-BCHK [atter process and the focus calibration

| atter process is being 10 perfornmed. FIZ& 29 is a view showing a
state of the wafer stage and the neasurenent stage when alignnent
mar ks arranged in five third alignnment shot areas are bein

si mul t aneous| i YePEEERECTGRENF HIYNNRAR Fst eﬁ%C%lC&ﬁébAE%iOPo former

AL24. 15 FIG_30 is a view showing a state of the wafer stage and
t he neasurené?ﬁo%?%%elm%%gi%%’gﬁm rks arranged in three fourth

al i gnnent shot ar e}ﬁﬁaf %\Eggéggik@gﬁgﬁ%lS%%t%%%e%E%%e WIS otage and

al i gnnent systens I's a’view show ng a

state of the wmal fe Shageand slté%eg gi%_eﬁegigfgﬁfﬁgflko fﬁg%ag &Pf&%@& Lf%&sve

mappi ng has been finished; F IS a view used to explain

an acqui sbt i Gecpel atllignmeh tasibtt aire sCOF & ediimNs i b ot BRELAB1 Yfdetected
grating pitch of a Y scale in an exposure apparatus of a second

enbodi nent. 2 dG aB3ynmeret viest . A1) arse Al expladi2n. an

acqui sition operation of acquiring correction information of grating
pitch of a Y scal e il%.t B8 EXxpoyiry sppairy s sthtehef sBvomdfer stage and
enbodiment. FIG 34 is a view used to explain an acquisition 29

operation of WXBPASHE SEEFTett?on hiroprFake ot oPedef shwabrdnBCBR Jqtter

e (P Gl S | Les)olean, X sedle LD Lhe cposue o cpparal s

enbodi menk Ofperformed.

FIG. 29 is a view showing a state of the wafer stage and
the measurement stage when alignment marks arranged in five
third alignment shot areas are being simultaneously detected
using alignment systems ALl and AL2; to AL2,.

15 FIG. 30 is a view showing a state of the wafer stage and
the measurement stage when alignment marks arranged in three
fourth alignment shot areas are being simultaneously detected
using alignment systems ALl, AL2, and ALZs.

FIG. 31 is a view showing a state of the wafer stage and

20 themeasurement stage when the focus mapping has been finished:;

FIG. 32 is a view (No. 1) used to explain an acquisition
operation of acquiring correction information of grating
pitch of a Y scale in an exposure apparatus of a second
embodiment.

25 FIG. 33 is a view (No. 2) used to explain an acquisition
operation of acquiring correction information of grating
pitch of a Y scale in the exposure apparatus of the second

embodiment.

FIG, 34 1is a view used to explain an acguisition



5 a device manufacturing nethod. FIG 36 is a flowhart show ng a
specific exanple of step 204 in FIG 35. BEST MODE FOR CARRYI NG OQUT
THE I NVENTI ON 10 <<First Enbodi ment>> A first enbodi nent of the
present invention will be described below, with reference to FIGS. 1
to 31. FIG 1 schematically shows the contd guration of an exposure
apparatus 100 related to the first enbodinent. 15 Exposure appar atus
100 i s a scanni ng exposure apparatus by a step-and-scan nethod, that

is, a so-cal gLkt ﬁquF:ingﬁéO%%%?i%&qfaréﬁ,tim Pﬁgieiormation
nbodi t, i ion optica / mPL.is arranged, and.the
iy, e T o ety Sl BRI e
alr a e (0]

P :%ﬁé’fé@@é %%‘ Sn& Vs £, 04 Vﬁr{&é’%&uﬁém% p y

a Z-axis dir i on, a rection in areticle and a wafer are

relatively scanned g t hisn; @ plrang pthogenal & @4 e 4 gfﬁi SmHb&EALLL b

is a Y-axis direction and a direction that is orthogon to a Z-axis
and a Y- axi saigevicel-mxhsf dhtreeihPmesdrotation (tilt) directions
25 around the X-axis, the Y-axis and the Z-axis are ex, ey and z

di rections respectiRid.y36BEegasiirewdppar ahugih§h speklidés eatample of step
illumnation system 10, a reticle stage RST that holds a reticle R
that is illwldhatedBy- atbillunmination |ight for exposure 30
(hereinafter, referred to as "illumnation light" or "exposure

light") IL fromillumnation system 10, a projection wunit PU that

TELE B OBk Fin RS B i, W SN O
that has;g wafer stage WeTm@and a . i>s
A first embodiment of the present invention will be
described below, with reference to FIGS. 1 to 31.
FIG. 1 schematically shows the configuration of an
exposure apparatus 100 related to the first embodiment.
15 Exposure apparatus 100 is a scanning exposure apparatus by
a step-and-scan method, that is, a so-called scanner. Aswill
be described later, in the embodiment, a projection optical
system PL is arranged, and the following description will be
made assuming that a direction parallel to an optical axis
20 AX of projection optical system PL is a Z-axis direction, a
direction inwhich a reticle and a wafer are relatively scanned
within a plane orthogonal to the Z-axis direction is a Y-axis
direction and a direction that is orthogonal to a Z-axis and
aY-axis is anX-axis dirxection, and rotation (tilt) directions
25 around the X-axis, the Y-axis and the Z-axis are 6x, 8y and
Bz directions respectively.
Exposure apparatus 100 includes an illumination system
10, a reticle stage RST that holds a reticle R that is

illuminated by an 1llumination 1ight for exposure



measur enent stage MST, their control system and the |ike. On wafer
stage WST, wafer Wis nmounted. Illum nation system 10 includes a

| i ght source and an illum nation optical systemthat has an
illumnance 10 uniformty optical system containing an optica
integrator and the like, and a reticle blind and the Iike (none of
which 1s shown), as is disclosed in, for exanple, Kokai (Japanese
Unexam ned Patent Application Publication) No. 2001-313250 (the
correspondi ng{ e ik, Apptierredn Fubldaativhlweinaision light” or
2003/ 0025890), and the Like. In illum nation system 10, a slit-shaped

i |l umination aPEPTREE LAFETS HefrABd by et iRt sEpEeh | tdd (rRIG Gig-on

system) and extgndg.in,the X—ag% es?%&ggé%ggog?é%%%k%bgwﬁ%%fenl PL, that

illumnated by 111 um na ot ¥

substant al | yo i darm 1148 gancss 20 411500581 A | 080 10

light IL, an ArF excinmer ser wavel en nm~ 1S use

an exanpl . Rfdery, as sdhR CREIGRI siontegrahgk, of PLrEXa8PLh§e WST and a
fly-eye lens, a rod integrator (internal reflection type

i ntegrator), meadifdniact i Ma@PNIR| SHemerdodrdhesydtken camdbeusad.ke.
25 On reticle stage RST, reticle R having a pattern surface (the

| ower surfacedn wdiex dagm WEN chwafel rituid rmpatntesd. and the |ike are
formed is fixed by, for exanple, vacuum suction. Reticle stage RST

is finely drivabl e Milfusimadiiony sysdes dQdinglydedr pvabylet agource and an

desi gnated scanning velocity ip a 31 redet erm ned scanni ng, )
direction (whichH e SR CH r eBYPbAMbelA§ta KRGS 2@t alilluminance

oot ohoof LSRR PULAcE DG Ml g o A0S HIYE o
exanpl e, a |iNgaR Y 9%ke, 5208 4 BRtHIKS blind and the like (none of which
is shown), as is disclosed in, for example, Kokai (Japanese
Unexamined Patent Application Publication) No. 2001-313250
(the corresponding U.S. Patent Application Publication No.
15 2003/0025890) and the like. 1In illumination system 10, a
slit-shaped illumination area IAR that is defined by the
reticle biind (masking system) and extends in the X-axis
direction on reticle R is illuminated by illumination light
(exposure light) IL with substantially uniform illuminance.
20 In this case, as illumination light IL, an ArF excimer laser
light (wavelength: 193nm) is used as an example. Further, as
the optical integrator, for example, a fly-eye lens, a rod
integrator {(internal reflection type integrator), a
diffraction optical element or the like can be used.
25 On reticle stage RST, reticle R having a pattern surface
(the lower surface in FIG. 1) on which a circuit patfern and
the like are formed is fixed by, for example, vacuum suction.
Reticle stage RST is finely drivable within an XY plane and

also drivable at designated scanning velocity in a



Position information of reticle stage RST within the noving plane
(including rotation information in the Oz direction) is constantly
detected at a resolution of, for exanple, around 0. 5to 1 nmwth a
reticle laser interferometer 10 (hereinafter, referred to as a
"reticle interferometer”) 116 via a novable mrror 15 (in actual, a

Y novable mrror having a reflection surface orthogonal to the

Y-axis direction and an X novable mrror having a reflection surface
orthogonal tRredriocmiied diseniigh add ractdeged) whiThe #pasthenghtaxis

val ues 15 of reticle |nterferoneter 116 are sent to a main controller
20 (not showfiFFEIEEN Peing & II%EJF??‘@*C&B]) CMEH‘?ch’d?ﬂ rf Idte pRge surface

controls the o] (a d the veI cit reticle _sta

Somputi ng theéoﬁ?sﬁf%- JnvoPY: e Fet £ 0F Aphapiye RUSKEINIL (BFT ot in
the Y-axis di ﬁ%: e S e t
val ues of regf e |nt er e&%h%f%?qﬁlggé %lggoﬁg?%gf i?éfggﬁﬁgéﬁgggor
drive sysgtemdd dased; jgn the conputation results. InC|dentaIIy,

i nstead of novable mrror 15, the end surface of reticle stage RST
may be polished in poayideion o rffymat ir@f |&C it S faceyd T aspAid Rthe
to the 25 reflection surface of novable mrror 15) . Further, reticle

i nterferomet enovlikey neyabe capabledolgalrstatdasurinfopostionnin the 6z
information of reticle stage RST in at |east one of the Z-axis, X
and Oy di rectdigirctimm) ekt i epnahet Py ﬁ@tpt‘a@@dabeIaoweﬁ@tlmll@nstoa‘ge for

RST in 32 FIG 1. Projection unit PU includes a barrel 40 and
proj ection c?ﬁﬁ“&%@le'sﬁ‘ﬁ’éﬁfiﬁi_ Ehéﬁ?ljnﬁmd”ﬁ%kh?aﬂqqlflcﬁ 18perdait s fsmameater

(00 o h B S G SRR L AP g
that is COHDQEQQaoﬁo9a8hgrﬁif£3rQT gﬂsgétﬁgfn Y movable mirror having
a reflection surface orthogonal to the Y-axis direction and
an X movable mirror having a reflection surface orthogonal
to the X-axis direction are arranged). The measurement values
15 of reticle interferometer 116 are sent to a main controller
20 (not shown in FIG. 1, refer to FIG. 6). Main contreller
20 controls the position (and the velocity) of reticle stage
RST by computing the position of reticle stage RST in the X-axis
direction, the Y-axis direction and the 8z direction kased
20 on the measurement values of reticle interferometer 116, and
controlling reticle stage drive system 11 based on the
computation results. Incidentally, insteadofmovablemirror
15, the end surface of reticle stage RST may be polished in
order to form a reflection surface (corresponding to the
25 reflection surface of movable mirror 15). Further, reticle
interferometer 116 may be capable of also measuring position
information of reticle stage RST in at least one of the Z-axis,
Ox and By directions.

Projection unit PU is placed below reticle stage RST in



el enents) that are arrayed along an optical axis AX parallel to the
Z-axis direction is used. Projection optical system PL is, for

exanpl e, both-side telecentric and has a predeterm ned projection
magni fi cati on (such as one-quarter, 10 one-fifth or one-eighth

times). Therefore, when illumnation are® |IARis illumnated by
illumnpation light IL from illumnation system 10, illum nation

l'ight IL having passed through reticle R whose pattern surface js

pl aced subst%ﬁﬁi al | yPE] fet Heminy bR Anglpdesta sarraédt Q apfastoisstion

i ol t pat t OB (G ) GUGRE Pholey TS Fab TbF LAEE (YL GPE L pM T LPRgnes that
cui tpat t 6 (% T eddced 9 paPtuer |
hat ‘i 5 conj UGt ST 1 PERRR SR haR s L EF e BRI R T T o

placed on a Sﬁﬁ.on@ssﬁfé\;\iggtiBH&&?ci%lP%@@%)emS%ﬂ,e_fgr Q&%hﬁ?.%i, Of dioptric

optical system PL and se surface 1s coated wth resis

(phot osensi t igsgs@agenthatViid PEONSEEEAN ofOPd | @airSYSteM It (BRBESCE (1QMhs
unit PU) and liquid Lqg (refer to FIG 1) . Then, by synchronous
driving of retliaientst)aghaRSircandrapéérakiragear\Bprirhé aefbcde gaxrallel
noved in the scanning 25 direction (Y-axis direction) relatively to

i |l um nation tr dde EARXES Kddmesadtiooniki ghed) L)Proieet son wafteicall isystem
noved in the __scgnning direction (Y-axis direction) relatively to the
exposure are&Yi HSuni ARE of*BIERE | LPOtBnaleRustetanprhgiCexpeBurias s 2
perfornmed to _one, shot are di.vi ded _area). on fer 33 Wand a
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PPLLPY |3 LD SRt ekt LS £ M SIS NGHREL Soon
illumination system 10, illumination light IL having passed

through reticle R whose ©pattern surface 1is placed
substantially coincidently with a first surface (object

15 surface) of projection optical system PL forms a reduced image

of a circuit pattern (a reduced image of part of a circuit

pattern) of reticle R within illumination area IAR on an area

(exposure area) IA that is conjugate with illumination area

TAR on wafer W, which is placed on a second surface (image

20 plane) side of projection cptical system PL and whose surface

is cocated with resist (photosensitive agent), via projection

optical system PL (projection unit PU) and liquid Lg (refer

to FIG. 1). Then, by synchronous driving of reticle stage RST

and wafer stage WST, the reticle is moved in the scanning

25 direction (Y-axis direction) relatively to illumination area

IAR (illumination light IL) and also wafer W is moved in the

scanning direction (Y-axis direction) relatively to the

exposure area (illumination light IL), and thus scanning

exposure is performed to one shot area (divided arez) on wafer



light IL. Al though not shown in the drawing, projection unit PUIis
nounted on a barrel platformthat is supported by three support
colums via a vibration isolation nechanism As is disclosed in, for
exanpl e, the panphlet of International 10 Publication No. WO

2006/ 038952, however, projection unit PU33my al so be supported in a
suspended state with respect to a main frane nenber (not shown) that
is placed above projection wunit PU, or a base nenber on which

reticle stagd' R8T & P3N tEEaUOTFthe KeE1ClR bk poamed exzsar B (de1obobrarea.

h nmbodi 15 i f | yi he . liquid
mersion | noUiid S oL 6 GARPCIBeRar SoBRLEPEDL L JEREreTed padifer
liaquid i ! i M | th e
of "the 1 ower Lhd Hont S Grod s PRERRTES B T SR SRRl AR TR
that is closesfsidy,an, i Hﬁa_etﬂlé%ﬁ%ﬁ? i@“@gfﬁeﬁvéﬂ Q‘T’Dei gdrbbaty exposure

constitutes projection optical systemPL, which i1s a |lens

(herei naf ber ,ofabsgerief ived dverd (rbkRsktensydr )13k waréPivspbGasE.uminbtion
t he enbodi nent, as is showmn in FIG 1, the lL.ower end surface of
nozzle unit 32iglst §ét. t Albkosghsiantshakingifliish dwatd nigheprbdmetiendinit
surface of tip lens 191. Further, nozzle unit 32 25 is equipped wth

a supply operfithgsamguatedcover pagpedi pgabforn that isqsuppbowerd by three
surface to which wafer Wis placed facing and at which the recovery
opening i s arfHRPSE CHASHE ¢ ViPsRtdRanherlakdon neeboBiynt| A is

h | that ted _t | iquid | i 1A liquid
(r:egcr)]?r/]gry. p?pef-]ge%cogs%nl ?é’gpgéﬁgv%}v{m% I i :%ﬁO%B%ﬁiﬁfQOngEdr}qaedqﬁ:g:UJlonal
su e and | ’ .
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Y-axis diregidpnidh adl angto M (e syl sued d ramaboyedn and & o
symmetrically placed with respect to a straight line LV In

amain frame member (not shown) that is placed above projection

unit PU, or a base member on which reticle stage RST is placed.

Further, in exposure apparatus 100 of the embodiment,

15 in order to perform exposure applying the liquid immersion

method, anozzleunit 32 that constitutes part of a local liquid

immersion device 8 is arranged so as to enclose the 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)

20  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 is shown in FIG. 1, the lower 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

25 1is equipped with a supply opening and a recovery opening of

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

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

flow channel and a recovery flow channel that are connected

to a liquid supply pipe 31A and a liquid recovery pipe 31B



the Y-axis direction that passes through optical axis AX of
projection optical systemPL. One end of a supply pipe (not shown) is
connected to liquid supply pipe 31A while the other end of the
supply pipe 10 is connected to a liquid supply device 5 (not shown
in FIG 1, refer to FIG 6) , and one end3sof a recovery pipe (not
shown) is connected to liquid recovery pipe 31B while the other end

of the recovery pipe is connected to a |liquid recovery device 6 (not
shown in Fl G*aSPeetEyely- FIFG 16) sheBn i guis suhply-adédi sarplineipeleslr
a liquid tank conpressi on punp, a_tenperature controller, a_valyve
for control IEil”?fgz1 Js%‘gf@/%ei%%v%fpy @é’q i 0 1PFGdREsappRY pRpLe Of 45
31A, and the ki the valve, for_exagple. a.flowrate contral __.
valve is pref(heéf%%?/éﬁ% sroeagt eaqt rif(?t tglhel ggfaﬁteLSZslgﬁ EF?PS?%% g?e%eams
liquid but algo-dbie; &di Ustmenta fr £y rdhen 9§Bw§8 EE&%@&H@Q@)T d are
tenperature controller adjusts the tenperature of the liqurd Wwthin

the liquid tankmi®rneadlyy phecSAnpitEnpesdal ec@sa tderd redhld &LV in
wi thin the chanber (not shown) where the exposure apparatus is

housed. 25 | nchaléfatily didecttiank thart pappley ngrohehl bguidaltieis AX of
conpressi on punp, the tenperature controller, the valve, and the

li ke do not @ioteseion detiepl ppesitém Bkposure apparatus 100, and

at least part of themcan also be substituted by the equipnent or

the |ike avail abl e G1f t9¢ ffaft SRRl &g ureBshepparkt wwenmacted to

suct  on' purp, L FEREY BSRE SER Y T dorerphet G fbe Prgaty pipe
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1, refer to FIG. 6), and one end of a recovery pipe {(not shown)
is connected to liquid recovery pipe 31B while the other end
of the recovery pipe is connected to a liquid recovery device
6 {(not shown in FIG. 1, refer to FIG. 6).

15 Liquid supply device 5 includes a liquid tank, a
compression pump, a temperature controller, a valve for
controlling supply/stop of the liquid to liquid supply pipe
31A, and the like. As the wvalve, for example, a flow rate
control valve 1s preferably used so that not only the

20 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
the same temperature as the temperature within the chamber
(not shown) where the exposure apparatus is housed.

25 Incidentally, the tank for supplying the 1liguid, the
compression pump, the temperature controller, the valve, and
the like do not all have to be equipped in exposure apparatus

100, and at least part of them can also be substituted by the

equipment or the like available in the plant where exposure



to the valve of liquid supply device 5. Incidentally, the tank for
recovering the liquid, the suction punp, the valve, and the |like do
not all have to be equi pped in exposure apparatus 100, and at | east
part of them can al so be substituted by the 10 equi prent available in
t he plant where exposure apparatus 100 issinstalled. In the

enbodi nent, as the liquid described above, pure water (hereinafter,
it will S|nply be referred to as "water" besides the case when
speci fyi ng i s2PREEELES 300 hbt %ﬁ%ﬁ%hi@@ 15 the ArF exciner |aser
light (light with is to be used. Pure water

th of 1
can be obtained i n%rjsz"ég en: ffE?OW ‘thea %elrﬁcéjd%%&ht%rlw d@Msi iy
| ant th t so has an advanta
gf aﬂavﬂlg ﬁoégﬁlé?seé er??éjec%l Y%GE%IF'IO(E r?te%?]s Ib% THE Wt St(f% C%ﬁ fhe
20 opti cal 1 QG LNe dll?fregs(f%ilghﬂtl\b% spgex, %Q?ewatﬁﬁ tWetJ]alve,

respect to th rF exci aser I's”aroun I'n the wa

the wavebengd hfpéwlféwmiﬁm l$ahde s Iﬁreh%’zgmy dddy &h%ﬂ%

to around 134 nm 25 Liquid supply device 5 and |iquid recovery

devi ce 6 eachto hawveval wonfrialderd sapglyhdewiespect i Mectddit0l1€r $harteank
controlled by main controller 20 (refer to FIG 6). According to

i nstructions feomendveciong rtdld éic@dd,t hbeconttobhepunp, theuvallve, and
supply device 5 opens the valve connected to liquid 36 supply pipe
31A to a predeteddikfedodegt el k @aéfepﬁpybm%um?d is eheoe%eeapparatus

between tip le 191 and, wafer Wyvi uid s e 31A
suppl y fIOM/eHgﬁhEFQaﬁH %ﬁ%sgdﬁﬁﬂycﬁ%EhgﬁgC?? gPéﬁliyted-by the
Eglrﬁlhg:)ng‘r ol | e Wtﬁgv(?&% IO: %ﬁdto €5idh “ﬂge]?e té%plog%[rreugébgggtaéolreo

is installed.

In the embodiment, as the liquid described above, pure
water (hereinafter, it will simply be referred to as “water”
besides the case when specifying is necessary) that transmits

15 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 l1ike
without difficulty, and it also has an advantage of having
no adverse effect on the photoresist on the wafer, to the

20 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
wavelength of illumination light IL is 193 nm x 1/n, shortened
to around 134 nm.

25 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
to instructions from main controller 20, the controller of

liquid supply device 5 opens the valve connected to liguid



liquid recovery device 6 opens the val ve connected to liquid

recovery pipe 31B to a predeterm ned degree to recover water Lqg from
the space between tip lens 191 and wafer Winto liquid recovery
device 6 (the liquid tank) via the recovery opening, 10 the recovery
fl ow channel and |iquid recovery pipe 31Bs During the supply and
recovery operations, main controller 20 gives conmands to the
controllers of liquid su%gly device 5 and liquid recovery device 6

so that the GIRRRIY Pigfe wafefo 2 Prafpiseuines deerssate pePnbEvaigr 1y
|l ens 191 and wafer W15 constant|ly equal he quantity of water L
recovered fror FE‘@ SRHAT L TEESSY H¥Hd11‘37‘,s igicﬁ‘&‘?&’ﬁtfe&fu Ytlic }1‘6\‘119@?&5?1313’
Lqg is held in t pace hetween.ti ens 191 wafer. W(refer to
fla S Dy P e Bhadte SPRTO I HErhe Rt i SR R eRe R Bl e
191 and waf er. JVgg; cansta pl : ' Vi.ous, f1om ;
above descriptio#?;inqtheghgﬁgggfngﬁgg F%%af%?%%d?% %rréﬁ%ﬁéﬁ1%ﬂ§%%§§ng
8 is confpgured iddchuet IthNogade iid Fhtdd QW d FUPRIne d®HIG® Ter of
liquid recovery device 6, liquid supply pipe 31A and liquid recovery
pi pe 31B, and ideid ideemovieagabeliigui @ ¢paves Hhenvdevieceofnétted 26 timiid
space between tip lens 191 and wafer Wwith water Lq using nozzle

unit 32 and furomvery edgle Blgutd a mredsitermspeck degeeer bspodchner twater
liquid inrersion area 14) including an optical path space of o

i |'1uni nati on 19 gkem the gastalibRgEen ke AenuaPl 32d"@ignl vareddaid
liquid i mersion space forniggwéz menber, akconlai ment nenber (or,
confi nenent rEHRFSEHASTRES Pi ke LAgdentaR kY VighEfieoF e FRRRTY I9RAR T/
i mer si on,devi,ce for e I at Jleast nozzle unit 32 may al be
supporte 0 i \rl#hae3 srﬁéscpoevned‘[ ed fé‘?oer;‘{) ece}E%/mée J'mal‘—’lmn& flrla%lcfi:?\%?ou‘ﬁelrr% e bfal?Br ‘el

S platform d%ﬁﬂﬂr&?f%k?é’%ﬁ)pf@%nd“%é&ﬁﬂ %ﬁ;ér%ﬂ:ﬂmg, RiPcontroller

20 gives commands to the controllers of liquid supply device

5 and liquid recovery device 6 so that the quantity of water
Lg supplied to the space between tip lens 191 and wafer W

15 constantly equals the quantity of water Lg recovered from the
space. Accordingly, a constant quantity of water Lg is held
in the space between tip lens 191 and wafer W (refer to FIG.
1}). 1In this case, water Lg held in the space between tip lens
191 and wafer W 1s constantly replaced.

20 As 1s obvious from the above description, in the
embodiment, local liguid immersion device 8 is configured
including nozzle unit 32, liquid supply device 5, liquid
recovery device 6, liquid supply pipe 31A and liquid recovery
pipe 31B, and the like. Local ligquid immersion device 8 fills

25 the space between tip lens 191 and wafer W with water Lg using
nozzle unit 32 and forms a local liquid immersion space
(corresponding to a liquid immersion area 14} including an
optical path space of illumination light IL. Accordingly,

nozzle unit 32 is also called a liquid immersion space forming



may al so be arranged at another franme nenber that is separate from
the main frame. O, in the case projection unit PUis supported in a
suspended state as is described earlier, nozzle wunit 32 may al so be
supported in a suspended state integrally 10 with projection unit PU,
but in the enbodi ment, nozzle unit 32 is3arranged on a neasurenent
frame that is supported in a suspended state independently from

projection unit PU. In this case, projection unit PU does not have
to be suppor tRRIP§H £ SEIFSIdaErdt geabers (PAcraBRLBEMGNL ReBPeH) toe the

case neasurenent stage NST .i | ocat ed | ow. projecti,on uniit PU, the
Space bt earl e oo SRR s Batt & eOTBLOH Bt AREr? LoRdler bos ©-
|l ens 191 ca | W t in the si.ml manner_ tq the
above-descri b%e n%%innll ?I‘.de'zdéﬁ{]nl\(lzi@acﬁgltr{a Zyl,e iunmt%e?%%a\ye agLeSsOc%eptSlucPrEorted

one liquid syppl Vs e ddPZH e a0H L0 1 Al ghd e&%v«:tefl[%dimgoq:he barrel

(nozzle) are to be arranged as an ‘exanple. However present
inventionsi s giadt #d 4t iR I3 ddd SboaRd @nhe@nhbidkabl89eBBYbAGUNit PU, or

mul ti pl e nozzl es as disclosed in, for exanple, the panphlet 25 of

| nt er nat i onalmaRublliscabe car N gdDa39640504r feymalnsmdze teapl byedspdrate

the case such arrangenent is possible taking into consideration a

rel ati on w t ) ddenmatentfaregme .FuPrhein dhecon$é gereddoniomyuralsFlbe s

enpl oyed in which the | ower surface of nozzle unit 32 is placed

closer to theSURRRFE I dhe® §1sB8ndsfoerts 6¢ bpriesaridps earpler nozzle

closer, {0, hei el <b)plhan Lo sutasl 00 oht Loce of LR Lene 18k o,
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enpl oyed 32 is arranged on a measurement frame that is supported in
a suspended state independently from projection unit PU. In
this case, projection unit PU does not have to be supported
in a suspended state.

15 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
can be filled with water in the similar manner to the
above-described manner.

20 Incidentally, in the above description, one liguid
supply pipe (nozzle) and one liguid recovery pipe {(nozzle)
are to be arranged as an example. However, the present
invention is not limited to this, and a configuration having
multiple nozzles as disclosed in, for example, the pamphlet

25 of International Publication No. WO 99/49504, may also be
employed, in the case such arrangement is possible taking into
consideration a relation with adjacent members. Further, a

configuration may also be employed in which the lower surface

of nozzle unit 32 is placed closer to the image plane of



as far as the liquid can be supplied at least in the space between
an optical nmenber in the |lowest end (tip lens) 191 constituting
projection optical systemPL and wafer W For exanple, the liquid

i mrer si on mechani sm di scl osed in the 10 panphl et of International

Publ i cati on No. WD 2004/053955, or the Iiguid i mersion nmechani sm
disclosed in the EP Patent Application Publication No. 1 420 298 can
al so be applied to the exposure apparatus of the enbodi nent.

Referring badk®QBPEEH N PP e Sdéﬁ?@ePgo(isee(ft}ioééfédtnghW ‘f?f%)f drhan
t WST ent st M5T. t hat above a base
stase VS s ooy 5ot VST \le grs MpSed, abous s o,
interf t : : i,k t -t \
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described | atff addidli dnStHSLH 10 PRAIUbhNEnOOSHdd LB 1AOETBEI O 1
of wafer stage WST on exposure  or the like, a stage drive system 124

(refer to5Fl Gerfy 1Bhat THE ipLESitst 8gasa ek yaden Myurantod bty b&embyed
the bottom surface of each of wafer stage WST and neasurenent stage

MST, a noncorgsactamesay itige (nicfuishawve) od arupdh eekatpllemasst viac e space
prel oad type hydrostatic air bearing (hereinafter, referred to as an
"air pad") i Pedrwesigan aptEicyl urenkday iof Pl taesmafenrd sitdge 1S )addl
measur ement stage , MST, are supported in a noncontact_nanner via a

cl earance of SHUFTurd isidie P ISR Ly Orfdse lhsypd eI PLpgndt yafer W. For

Fovard the IR R 1t orohbib o BUur o PRI A SrORe Wsrharkde
oot SO SSRBRAAIL OV BOLE L8, OB ALY e 00 s, o
and the X-axiig;dirieatiPn oy OrdDoganal, i eetd O ddy tie the EP Patent
Application Publication No. 1 420 298 can also be applied to
the exposure apparatus of the embodiment.
Referring back to FIG. 1, stage device 50 is equipped
15 with wafer stage WST and measurement stage MST that are placed
above a base board 12, an interferometer system 118 (refer
to FIG. &) including Y interferometers 16 and 18 and the like
that measure position information of stages WST and MST, an
encoder system (to be described later) that is used for
20 measuring position 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.
On the bottom surface of each of wafer stage WST and
measurement stage MST, a noncontact bearing (not shown), for
25 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
MST are supported in a noncontact manner via a clearance of

around several um above base board 12, by static pressure of



page surface of FIG 1) within a predeterm ned plane (XY plane) , by
stage drive system 124. To be nore specific, as is shown in the plan
viewin FIG 2, on a floor surface, a pair of Y-axis stators 86 and
87 10 extending in the Y-axis direction are respectively placed on
one side and the other side in the X-axis3girection having base

board 12 in between. Y-axis stators 86 and 87 are each conposed of,
for exanple, a magnetic pole unit that incorporates a pernmanent

magnet group RFRESYHEL #R@ & Idp LER tpl Bkl oWIs owdi E5oBfthe ot Pagofeward the

magnet and a south pole nagnet that ar | aced at a predeterm ned
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stators 86 a 7, Y5 axi ver.s, 82 and,84, and two Y-axi.s . __.
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total are in a sate o eing inserted Iint i nner - axi
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are severally supported in a noncontact nmanner via a clearance of,

for exanpl e, mrgindrseveraf FAG. Vijawtiheaiaid ppadetpeiniabdwlardd (Wrtdlane) ,
respect to corresponding Y-axis stator 86 or 87. Each of Y-axis

nmovers 82, 84V 3 agrl @5LVs swstpuselbf, for exanple, an armature

unit that incorporates armature coils placed at a predeterm ned,
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and 85 a Y-axi's tor constitute noving col

linear motors ILRRCGHY e dthdN AR Ik dRSEHIP Yo Hving
base board 12 in between. Y-axis stators 86 and 87 are each
composed of, for example, a magnetic pole unit that
incorporates a permanent magnet group that is made up of plural
15 pairs 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 and 84, and two Y-axis movers 83 and 85 are
respectively arranged in a noncontact engaged state. Inother
20 words, four Y-axis movers 82, 84, 83 and 85 in total are in
a sate of being inserted in the inner space of Y-axis stator
86 or 87 whose XZ sectional surface has a U-~like shape, and
are severally supported in a noncontact manner via a clearance
of, for example, around several um via the air pad (not shown)
25 with respect to corresponding Y-axis stator 86 or 87. Each
of Y-axis movers 82, 84, 83 and 85 is composed of, for example,
an armature unit that incorporates armature coils placed at
a predetermined distance along the Y-axis direction. That is,

in the embodiment, Y-axis movers 82 and 84 made up of the



Y-axis |linear notors descri bed above wll be referred to as a Y-axis
| i near notor 82, a Y-axis linear notor 84, a Y-axis |inear notor 83
and a Y-axis linear notor 85 as needed, using the sane reference
codes as their novers 82, 84, 83 and 85. 10 Movers 82 and 83 of two
Y-axis linear notors 82 and 83 out of th& four Y-axis |linear nptors
are respectively fixed to one end and the other end in a

| ongi tudinal direction of an X-axis stator 80 that extends in the
X-axi s direct3ORRIUFRIMNHEYS GRS ere84 st@tes 86 RAder bRuPhi Hee tiapgnetic
84 and 85 are fixed to one end and the other
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direction. One X-axis stator, X-axis stator 81 is arranged in a

state of bei nfrasxiseritietkdm nwtooqcmminem@r(m@d showe) widimed aéfePbed to as
stage main section 91 (not shown in FIG 2, refer to FIG 1) that
constitutes pﬁarYt—a@rlswéfl@:eagtmgéom? Ims‘ti-dﬂmsnéln@ﬁenmngoo‘f%ta@éf axis

mai n section 91 for exang a magnetic_pole wunit, which has a
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to one end and the other end in a longitudinal direction of
an ¥-axis stator 80 that extends in the X-axis direction.
Further, movers 84 and 85 of the remaining two Y-axis linear

15 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, X-axis stators 80 and 81 are driven along the
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.

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

One X-axis stator, X-axis stator 81 is arranged in a
state of being inserted in an opening (not shown) formed at

25 a stage main section 91 (not shown in FIG. 2, refer to FIG.
1) that constitutes part of wafer stage WST. Inside the
opening of stage main section 91, for example, a magnetic pole

unit, which has a permanent magnet group that is made up of

plural pairs of a north pole magnet and a south pole magnet



arranged in a state of being inserted in an opening formed at a
stage main section 92 (not shown in FIG 2, refer to FIG 1) that
constitutes part of neasurenent stage MST. Inside the opening of
stage main section 92, a nagnetic pole unit, which 10 is simlar to
the magnetic pole unit on the wafer stageaMST side (stage main
section 91 side), is arranged. This magnetic pole unit and X-axis

stator 80 consti tute a novi ng magnet ';gpe X-axis linear notor that
drives measurRaFRd ﬁ%@epmeFﬁr@h%ed Ja%%n%ﬁraé@t?éﬁer%tﬁﬂﬁt%%ong the
enbodi nent, ch of the linear notors descri Egd above

constitute stagh i iVe $ysi¥m 124 330G ol £BYS IﬂﬁgﬂﬁFﬁcc%%Jt‘? oipks and
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waf er table \Ml%éf{‘@,tage main section 91 side), is arranged. This magnetlc
pole unit and X-axis stator 80 constitute a moving magnet type
X-axis linear motor that drives measurement stage MST in the
X-axis direction.

15 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. 1Incidentally, each
linear motor is not limited to either one of the moving magnet
type or the meoving coil type, and the types can appropriately

20 Dbe selected as needed.

Incidentally, by making thrust forces severally
generated by a palr of Y-axis linear motors 84 and 85 be
slightly different, a yawing amount (a rotation amount in the
6z direction) of wafer stage WST can be controlled. Further,

25 Dbymaking thrust forces severally generated by a pair of Y-axis
linear motors 82 and 83 be slightly different, a yawing amocunt
of measurement stage MST can be controlled.

Wafer stage WST includes stage main section 91 described

above and a wafer table WTB that is mounted on stage main



nove mnutely and can be inclined (tilted) in the Z-axis direction
with respect to the XY plane (or the image plane of projection
optical systemPL) Incidentally, in FIG 6, stage drive system 124
is shown including each of the Iinear 10 notors and the Z-1|eveling
mechani sm descri bed above and a drive sy&em of neasurenent stage
MST. Further, wafer table WIB may be configured capable of mnutely
noving also in at, |l east one _of the X-axis, Y-axis and 8z directians.

On waf er tablFEWE" & haf 2053 FéP len St B revth)Stass Medid$ects apaddr are
b ' the like.i . _The.,waf hol d , al
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the wafer holder i's fixed Inside a recessed portion of wafer tabl
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upper surface of wafer table WIB, a plate (liquid repellent plate)

28 is arrangaeshardMixhnnx-thessethace €11 qundy epgl kaAbrsuabageYTB can
substantially flush with the surface of a wafer nmounted on the wafer
hol der to whimivd impnukeepeinéntapriocessehighed t ht Pbcedspiactthe 2 +api sl
Lqg is perforned, has a rectangular outer shape (contour), and has a
circul ar operfiiigainiaan iwlfhorretbedth thehenterrlpone | r dite ilgnage plane
slightly larger than the wafer, holder (a_nmpunting area of the wafer)
Plate 28 is rmdd® ] e Gt iCRt Gat FYE He8WFEdef f FRFEABNBRL L ier HAIFIG. "6,

brand name) O RO B ACY SRESR2 4 of G A GG Seary Qeety Linear
plate 28ypa Jldquid.feRsld Eﬂ%e{réiﬂhb%efc%ram%npaescfzf{bgef%ﬁgkf%’a d a drive
fluorine resin materrals, fluorine®series resin naterial's sucrh as%L

pol yt et r af | ugsatdiybengs{hefdth{ sedyetigsed A K)dfer table WTB may

be configured capable of minutely moving also in at least one
of the X-axis, Y-axis and 8z directions.
On wafer table WTB, a wafer holder {(not shown) that holds
15 wafer W by vacuum suction or the like is arranged. The wafer
holder may also be formed integrally with wafer table WTB,
but in the embodiment, the wafer holder and wafer table WTRB
are separately configured, and the wafer holder is fixed inside
a recessed portion of wafer table WTB, for example, by vacuum
20 suction or the like. Further, on the upper surface of wafer
table WTB, a plate (liquid repellent plate) 28 is arranged,
which has the surface (liquid repellent surface)
substantially flush with the surface of a wafer mounted on
the wafer holder to which liquid repellent processing with
25 respect to liquid Lg is performed, has a rectangular outer
shape (contour), and has a circular opening that is formed
in the center portion and is slightly larger than the wafer
holder (a mounting area of the wafer). Plate 28 is made of

materials with a low coefficient of thermal expansion, such



acrylic resin materials, or silicon series resin materials. Further,
as is shown in a plan view of wafer table WIB (wafer stage WST) in
FIG 4A, plate 28 has a first liquid repellent area 28a whose outer
shape (contour) is rectangular enclosing 10 the circul ar opening, and
a second liquid repellent area 28b that 48as a rectangul ar frame
(annul ar) shape placed around first liquid repellent area 28a. On
first liquid repellent area 28a, for exanple, when an exposure

operation i s PerdGIREP CTaCerégdCSpdPrchi 28 FREAFAT Aee SPERN@ralels of
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that of the surface of the wafer. Further, plate 28 may be a single
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plurality of plates, for exanple, first and second liquid repellent
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liquid repellent 25 area 28b respectively. In the enbodi nent, pure

wat er i s usedurisngy ggisdipgshewisitdesptrbediebhove vaded thblefWiR, (wafer

hereinafter first _liquid regellent area 28a and second |iquid
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plate 28a and secqond water repellent plate 28b.. 44 In this case, .
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first liquid repellent area 28a. On first liquid repellent
area 28a, for example, when an exposure operation is performed,
at least part of a liquid immersion area 14 protruding from

15 the surface of the wafer is formed, and on second liguid
repellent area 28b, scales (grating sections} for an encocder
system (to be described later) are formed. Incidentally, at
least 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
20 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 of plates, for example,
first and second liquid repellent plates that correspond to
first liquid repellent area 28a and second liquid repellent
25 area 28b respectively. In the embodiment, pure water is used
as liquid Lg as is described above, and therefore, hereinafter
first liquid repellent area 28a and second liquid repellent
area 28b are also referred to as first water repellent plate

28a and second water repellent plate 28b.



repel l ent coat having sufficient resistance to exposure light |IL
(light in a vacuumultraviolet region, in this case) is appliedis
formed on the surface of first water repellent plate 28a, and a
second water repellent area to which water repellent 10 coat having
resistance to exposure light IL inferior 40 the first water
repellent area is applied is fornmed on the surface of second water
repellent plate 28h. In.general, since it.ijs difficult to ap

| |
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to formthe first water repellent area and the second water
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LL of wafer table WIB), and a pair
of 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
15 regiocn, in this case) to a glass plate, it is effective to
separate the water repellent plate into two sections in this
manner, 1.e. first water repellent plate 28a and second water
repellent plate 28b around it. Incidentally, the present
invention is not limited to this, and two types of water
20 repellent coat that have different resistance to exposure
light IL may also be applied 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
25 repellent areas. For example, only one water repellent area
may also be formed on the same plate.
Further, as is obvious from FIG. 4A, at the end portion

on the +Y side of first water repellent plate 28a, a rectangular

cutout is formed in the center portion in the X-axis direction,



of aerial image neasurenent slit patterns SL are fornmed in the
symmetrical placenment 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 10 neasurenent slit patterns SL, an
L-shaped slit pattern having sides alonxghe Y-axis direction and
X-axis direction can be used, as an exanple. Further, as is shown in
FIG 4B, at a portion of vvafer stage WST bel ow each of aerial imge
measur ement s¥i4 GpAeespASTent mlateF0LisrpRasidrlidnag deet hasi Rt and R L

an optical system cant ai an objectjve |ens, m rr arela
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SL, although omtted i n the draw ng e optical systeminsi
housi ng 36 guidese i3d ysnnat EeRteli ght 11 dhala faas theee Wfrgmsnéﬁaeéi pair

from above to bel ow through aerial inmage neasurenent slit pattern SL
al ong an L-shapete2% I auieyantamtandrite d41ightpdovarts 81 Yk riegtnean.in
Incidentally, in the follow ng description, the optical system

i nsi de housite 3G/ tdeisor heidhesnent ighth tresmt tiagtsy stamSs dof
usi ng the sane reference code as housing 36 for the sake of
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sides along the Y-axis direction and X-axis direction can be
used, as an example.

Further, as is shown in FIG. 4B, at a portion of wafer
stage WST below each of aerial image measurement slit patterns

15 8L, an L-shaped housing 36 inside which an optical system
containing an objective lens, a mirror, a relay lens and the
like is housed is attached in a partially embedded state
penetrating through part of the inside of wafer table WTB and
stage main section 91. Housing 36 is arranged in pairs

20 corresponding to the pair of aerial image measurement slit
patterns SL, although omitted in the drawing.

The optical system inside housing 36 guides illumination
light IL that has been transmitted from above to below through
aerial image measurement slit pattern SL along an L-shaped

25 route and emits the light toward a —Y direction. Incidentally,
in the following description, the optical system inside
housing 36 is described as a light-transmitting system 36 by
using the same reference code as housing 36 for the sake of

convenlence.



sides in the horizontal direction in FIG 4A), Y scales 39Y1 and

39Y2 are formed respectively. Y scales 39Y1 and 39Y2 are each
conposed of a reflective grating (e.g. diffraction grating) having a
periodic direction in the Y-axis direction 10 in which grid |ines 38
having the longitudinal direction in theteX-axis direction are forned
in a predetermned pitch along a direction parallel to the Y-axis
(Y-axis direction). Simlarly, in areas on one side and the other

side in the Y-axi SIH§VRL oA SEEBRY WRIGCT epslgcaitd pprEeE e llent
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X-axis (Xsaxiw-ghiecdimtiooRamdtald theescaleslidite icale Jodenath
of areflective diffraction grating RG (FIG 8A) that is created by,
for exanpl e, diclaxgriamibe theizbnkeloditbetsonfhaced . dadond wakees 39Y;
repellent plate 28b is 25 used. In this case, each scale has gratings
made up of na@TbWIYs| are, fgprer aesmeathedlike ¥hatadee Pd¥kedtdaBo%: are
predeterm ned distance (pitch) as graduations. The type of
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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 second water repellent plate 28b (both
15 sides in the vertical direction in FIG. 4A), X scales 39%X; and
39X, are formed respectively. X scales 39%; and 39X; are each
composed of a reflective grating (e.g. diffraction grating)
having a periodic direction in the X-axis direction in which
grid lines 37 having the longitudinal direction in the Y-axis
20 direction are formed in a predetermined pitch along a direction
parallel to the X-axis (¥-axis direction). As each of the
scales, the scale made up of a reflective diffraction grating
RG (FIG. 8A) that is created by, for example, hologram or the
like on the surface of second water repellent plate 28b is
25 used. In this case, each scale has gratings made up of narrow
slits, grooves or the like that are marked at a predetermined
distance (pitch) as graduations. The type of diffraction

grating used for each scale is not limited, and not only the

diffraction grating made up of grooves or the like that are



a pitch of fpmon a thin plate shaped gl ass. These scal es are

covered with the liquid repellent film(water repellent film

descri bed above. Incidentally, the pitch of the grating is shown

much wider in FIG 4A than the actual pitch, for the 10 sake of

conveni ence. The sanme is true also in other drawings. In this

manner, in the enbodi nent, since second water repellent plate 28b
itself constitutes the scales, a glass_ plate with a_ | ow coefficient,

of thernmal edRFFIBHILLY FBEedséitagdlseeohbrvidtdrrtepditemtipfmation
28b. However, is not, limted to this,
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by a plate Spiidg @b MAEMHRS YR ARl 116 bkkﬁaeseieﬁrgetzgnn{ﬁ@{g,
| ocal shrinkage/expan3Sion. Inmthis case, a water repellent plate to

whi ch t hessanfmedeimgepel i:end wioadh e twau i1e3hen dden et ife dudaoe,
may be used instead of plate 28. O, wafer table WIB may al so be
formed by matepiglkch of thum anl ewicioebllizteeshapédtdiersml Ekpapsscalearake
in such a case, 25 a pair of Y scales and a pair of X scales nmay be
directly formavexsd wAshupperl iwifdacerel lantefilradvatwiBreppttont £ilm)
finish is severally applied to_the -Y end surface, and the -X end ,
surface of vvé?ee?cﬁlékﬁ(g afrae -andngifeptaéivontheupihel afathmazating is
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refer to
repellent plate 28b itself constitutes the scazles, a glass

plate with a low coefficient of thermal expansion is to be
used as second water repellent plate 28b. However, the

15 present invention is not limited to this, and a scale member
made up of a glass plate or the like with a low coefficient
of thermal expansion on which a grating is formed may also
be fixed on the upper surface of wafer table WIB, for example,
by a plate spring (or wvacuum suction) or the like so as to

20 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 materials with
a low coefficient of thermzl expansion, and in such a case,

25 apair of Y scales and a pair of X scales may be directly formed
on the upper surface of wafer table WTB.

Mirror finish is severally applied to the -Y end surface

and the —-X end surface of wafer table WTB, and a reflection

surface 17a and a reflection surface 17b shown in FIG. 2 are



FIG 2) that constitute part of interferometer system 118 (refer to
FIG 6) nmeasure a displacenent of each reflection surface froma
datum position (generally, a fixed mrror is placed on the side
surface of projection unit PU and the 10 surface is used as a datum
surface), that is, position information 4f wafer stage WST within

t he XY pl ane and supply the neasured position information to main
controller t he enbodi nent, .as each of the interferoneters,

mul ti axi al éﬁféﬁlﬁf% ol éﬁvﬁéﬁlrlrg’ &rma@ﬂatlw S ABASELETERE tore Dora
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is attached tOt e surface of" stage nmln SeCIOI'l
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43A and 43B constituting part of interferoneter system 118 (refer to

FIG 6) that idveadieat®netess I2e bt 1DeasPe trioieahire ifl Frar 41 ©é®er to
arranged opposing novable mrror 41 (refer to FIGS. 1 and 2) . To be
nmore specifi &I@5 As tismtobarous whisn peBw oy 17 1ES: £ 2ramat oiB 4 s elrl 8
novabl e mrror 41 is designed so that a length in the X-axis
direction is Iletfr?g‘%rtq df -r 60 | BeppBesarfbselagenent vaf eraglabie MgrR ion
by at |east a distance between Z interferoneters_43A and 43B.

Further, nmovabl arﬁer y é‘tHﬁ‘dBoﬁbtana(%ﬁ%éﬁl’?ﬂém fgfbre@ mirror is
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constitutes amfveh3UdAee wArdN@tage WST within the XY plane, and supply
the measured position information to main contreoller 20. In
the embodiment, as each of the interferometers, a multiaxial
interferometer having a plurality of measurement axes is used

15 as will be described later, except for some of the

interferometers.

Meanwhile, as is shown in FIGS. 1 and 4B, a movablemirror
41 having a longitudinal direction in the X-axis direction
is attached to the -Y side surface of stage main section 91

20 wvia a kinematic support mechanism (not shown).

Apair of Z interferometers 43A and 43B constituting part
of interxferometer system 118 (refer to FIG. 6) that irradiate
measurement beams to movable mirror 41 are arranged opposing
movablemirror 41 (refer to FIGS. 1 and 2). Tobemore specific,

25 as is obvious when viewing FIGS. 2 and 4B together, movable
mirror 41 is designed so that a length in the X-axis direction
is longer than reflection surface 17a of wafer table WTB, by
at least a distance between Z interferometers 43A and 43B.

Further, movable mirror 41 is made up of a member having a



-Y side of novable mrror 41 and extends parallel to the XZ plane
and in the X-axis direction. Reflection surface 41b constitutes an
adj acent surface on the +Z side of reflection surface 4la and
extends parallel to a plane that is inclined 10 at an angl e of
predeterm ned degrees in a clockwise direcgion in FIG 4B with
respect to XZ plane and in the X-axis direction. Reflection surface
41c constitutes an adjacent surface on the -Z side_ of reflection

surface 4l a angE3FeOqy %ﬁ?dé?ﬁas]yrﬁ?ﬁtﬁqfcélpwh SREMS r'et IRsc fpsRedypy daiting
41b, with reflectlon SL%face 41a i.n Vi ous

Ui ewi ng. Fi 5.2 FereA et o TRt Bis Srepereidan Qhtkaser leeh s
respectively %%ﬁffgd Y, PRE -Bls cilga aggfﬁgse quﬂﬁﬁ ﬁog?lrﬁr%&? 4§L agha three

directi on of i nt erferoneter e su sane ance

fromY 20 interfesoret esudfacandanyh, p@?étér?@%i@air@rﬁoﬁhé@ht Iy
lower than Y interferoneter 16. As IS shown in 1, from each of

Z interfeponeters RESA &ttt A3Burd@afeasiy eaﬁatlbaa%&h ahang e on the
Y-axis direction is irradiated toward refl ection surface 41b, and

al so a 25 neasUrsmentobemmaB2 ealming orhd 1Yaai sxtdendst panaisel to the XZ
irradiated toward reflection surface 41c (refer to FIG 4B). In the
enbodi ment, P¥aneE r¥ortg Xtevi aglareetient | defdadtden surface 41b
ort hogonal to neasurenent beam Bl that is reflected off reflection

surface 41b GRATYXEET rrbAEIBoRRY ﬁ@rgaP@f‘P%&h%ﬁZSGld%??d&%fleCtlon
011 PO0oNL \ LR GBI R BR LRl Lt LSSt 80,1 LrL1) £ e
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interfering Wd RrgRagiik€MBMespect to XZ plane and in the X-axis direction.
Reflection surface 41c constitutes an adjacent surface on the
~-Z side of reflection surface 41a and is arranged symmetrically
with reflection surface 41b, with reflection surface 4la in
15 Dbetween.
As 1s obvious when viewing FIGS. 1 and 2 together, 2
interferometers 43A and 43B are respectively placed on one
side and the other side of the X-axis direction of Y
interferometer 16 at the substantially same distance from Y
20 interferometer 16, and at positions that are slightly lower
than Y interferometer 16.
As is shown in FIG. 1, from each of Z interferometers
43A and 43B, a measurement beam Bl along the Y-axis direction
is irradiated toward reflection surface 41b, and alsc a
25 measurement beam B2 along the Y-axis direction is irradiated
toward reflection surface 4lc (refer to FIG. 4B). 1In the
embodiment, a fixed mirror 472 having a reflection surface

orthogonal to measurement beam Bl that is reflected off

reflection surface 41b and fixedmirror 478 having a reflection



beans Bl and B2. Fixed mrrors 47A and 47B are supported, for

exanple, by the sane support body (not shown) arranged on a franme
(not shown) that supports projection unit PU Incidentally, fixed 10
mrrors 47A and 47B nay al so be arranged on the neasurenent frane
descri bed previously. Further, in the enbedi nent, novable mrror 41
having three reflection surfaces 41b, 4l1a and 41c, and fixed mrrors
47A and 47B are to be arranged, but the present invention is not

limted to thP&riqeR %Hkﬁﬂ%lajﬂt%“@@ﬁﬁrmﬁ 5ﬁa§a§2at%@tbbs&ﬁﬁlcg@cﬁd
whi ch l'i ned t

45 degrees | ot FRRGEA-16R sttﬁré%%%dzTgtﬁ%'@E%ﬁ%{ig %ﬁ%w%gﬂeri‘??wmm
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the fixed mrror range

measur ement fﬁ@é@et@&ﬂ?é&rap%@@@vgpaﬁé f%ﬁ%k&fb Frhﬁ»r@f 4Y1 in the

interferoneter 16 irradi ates neasurenent beans B41 and to

reflectios swyagecktaf, iwahesciodler WHB ah@agfteb@ngeﬁwmmguﬁés@m
inthe Y-axis direction that are spaced the sanme di stance apart on

the -X 25 sideeamd BheanX B2de froma straight line parallel to the
Y-axis passing through the projection center of projection optical
system PL (optical Ebdes mirycafser 7o abdGi7B) aranguppeet¢@s fear example,
reflected |ight of each neasurenent beam thereby detecting the

posi tion in tHe MRSaRP¥eHF WRReT bR Positt ﬁaﬁynbfawwe@m fabrangyinot

nci dental |y 1R Ehat o GRREr S AeR: e%iaﬁg e 4 Bigug?ﬁtallyf Fixed

L SRS Dk TR TRR SR Bl B o s
surface 4la ahong HIRASHWENEM Kb $s1y. Further, in the embodlment,
movable mirror 41 having three reflection surfaces 41b, 4la
and 4lc, and fixed mirrors 47A and 47B are to be arranged,
but the present invention is not limited to this. For example,
15 a configuration may also be employed in which a movable mirror
having an inclined surface at an angle of 45 degrees is arranged
on the side surface of stage main section 91 and a fixed mirror
is placed above wafer stage WST. Inthis case, the fixedmirror
may be arranged on the support boedy or the measurement frame
20 described above.

As 1s shown in FIG. 2, Y interferometer 16 irradiates
measurement beams B4; and B4d; to a reflection surface 17a of
wafer table WIB along the measurement axes in the Y-axis
direction that are spaced the same distance apart on the -X

25 side and the +X side from a straight line parallel to the Y-axis
passing through the projection center of projection optical
system PL (optical axis AX, refer to FIG. 1), and receives
a reflected light of each measurement beam, thereby detecting

the position in the Y-axis direction (Y-position) of wafer



in the Y-axis direction spaced a predeterm ned di stance apart 1in the
Z-axis direction fromnmeasurenent beans B41 and B42, and receives
measur ement beam B3 reflected off reflection surface 41a, thereby
detecting the Y-position of reflection 10 surface 4l1la of novable

mrror 41 (i.e. wafer stage WST). Main cantroller 20 conputes the
Y-position (to be nore accurate, a displacenent 4Y in the Y-axis
direction) of reflection surface 17a, that is, of wafer table WB
(waf er st ager3RBTS Fih&sdionathataveragenval e 5 SRR EnPRenPaPdesnd
15 of measur nt axes .corr ondi n o] asur enent beans B41 and
84201 Y | nt VT oLBrBRCRER IR atlh LT on, Lndieh SO SRR Adonpieeds:

a di spl acene YAV, L1k HPE zmin t i I I r ound
the Z-axis (%r%ir cti on§ 0 %\%fzr%%@? e%%%%%%%%{%%%ée@g%é
between the neasur enatnatdl ues ife Ahe L 1BASW BB OXES measurement
correspondi ng to neasurenent beans B41 and B42. Further, main

controll e6 2Q«0nBotiesyardirsglacement sut phé€ilnga asBY R he AN rbfchBixi s
9x direction of wafer stage WST based on the Y-position (the

di spl acenent #4Ythe Yhexis akirectdiarespror)l aforeeldtectriiordsdi §agpcd Bpart
and reflection surface 25 4la. Further, as is showmn in FIG 2, X

i nterferonetem 6 Jrakid alidedeasuiamihmassaneBEt Hedre524n oandf Béz,
table WIB al ong the two neasurenent axes that are spaced the sane

di stance apard™® rdifie QT AIFMUTTHRALIPSH" the Deabgeaff rafkh i v etion
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the measurenent axeiGOPE6LRERBNdERI2D%omputes the Y-position (to be more
accurate, a displacement AY in the Y-axis direction) of
reflection surface 17a, that is, of wafer table WTB (wafer
stage WST), based on the average value of measurement values
15 of measurement axes corresponding to measurement beams B4; and
B4, of Y interferometer 16. 1In addition, main controller 20
computes a displacement (yawing amount) A6z'Y) in the rotation
direction around the Z-axls (6z direction) of wafer table WTB
from the difference between the measurement values of the
20 measurement axes corresponding to measurement beams B4; and
B4,. Further, main controller 20 computes a displacement
(pitching amount) Af6x in the 6x direction of wafer stage WST
based on the Y-position (the displacement AY in the Y-axis
direction) of reflection surface 17a and reflection surface
25 4la.
Further, as is shown in FIG. 2, X interferometer 126
irradiates measurement beams B5; and B5, to wafer table WTB
along the two measurement axes that are spaced the same

distance apart from a straight line 1LH in the X-axis direction



measur enent beans B51 and B52. Further, main controller 20 conputes
a displacenent (yawi ng anount) Aez' X in the ez direction of wafer
table WIB fromthe difference between the neasurenent val ues of the
measur enent axes corresponding to 10 neasurenent beans B51 and B52.
Incidentally, Aez(x) obtained from X int&rferonmeter 126 and Bz(Y)
obtained fromY interferoneter 16 are equal to each other, and they
represent a disp]acenent (yaw ng anmount) Aez in the 6z direction of

wafer table > 10% HRgorger th LR GaldPEaP el By Od SESHP8dOPTAga Py Sten
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Further, as is shown in FIG 2, a neasurenent beam B6 from X

i nt er f er onet ereREIERL S beramsjlm?tgednﬁoBﬁef | otitdresumfaice otz aflier 20
wafer table WB. In actual, neasurenent beamB6 is irradiated to
reflection swdnmeasn ofi spfarene e W, nal amyirte AGwdsurenten 6z
axis parallel  to the X-axis passing through the detection center of a
primary ali grﬁjrf‘eqﬁc @?ﬂﬁ‘lferS’Sa |W1T%d§ﬁ°rﬂbltf“§r d?éf%ﬁn%t%%‘”?% the
di spl acenent AX in the X- a rgerréhl on_of waf ertt able WIB al so

t he neasurenéthﬁaSVaﬁr%eentof £ BEARTBE™GF VTRt 11T o 113@7:0

?ESeng onet erer%%?g \Ae%eera%suﬁ pﬁlrg%assr;éﬁts %?1$%a€]%§i<y, fA® obtained

from X interferometer 126 and 6z obtained from Y
interferometer 16 are equal to each other, and they represent

a displacement (yawing amount) A6z in the 8z direction of wafer

table WTB.

15 Further, as is indicated by a dotted line in FIG. 2, a
measurement beam B7 is emitted from X interferometer 128 along
the measurement axis parallel to the X-axis. In actual, X
interferometer 128 irradiates measurement beam B7 to
reflection surface 17b of wafer table WIB located in the

20 wvicinity of an unloading position UP and a loading position
LP (to be described later, refer to FIG. 3), along the
measurement axis parallel to the X-axis that connects
unloading position UP and loading position LP. Further, as
is shown in FIG. 2, a measurement beam B6 from X interferometer

25 127 is irradiated to reflection surface 17b cf wafer table
WTB, In actuzl, measurement beam B6 is irradiated to
reflection surface 17b of wafer table WTB, along the
measurement axis parallel to the X-axis passing through the

detection center of a primary alignment system ALIL.



interferoneters 126, 127 and 128 are different in the Y-axis
direction, and therefore, X interferoneter 126 is used when exposure
is performed as shown in FIG 18, X interferonmeter 127 is used when
waf er alignnent is performed as shown in the 10 draw ngs such as FI G
25, and X interferoneter 128 is used wheid a wafer is | oaded as shown
in FIGS. 22 and 23 and when a wafer is unloaded as shown in FIG 21.
Measur enent beans Bl and B2 along the Y-axis are irradiated from

each of Z interferdfeferaniBal 4ad UBpansealin thenbiapl acemenoAXsin the

Me t 3 d.B2 i ncid f t f
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vertically ingidepts 20-aredihe,418{d ect it SWdraaas ad ine d:f_mk{ rOfS
47A and 473. Then, neasurenent beans 31 and B2 refl ected off the

reflectiob sintfeaacks cfetfdxebgn r Hokev4ATA ahd 41Bcanenggaiof kafrkected
off reflection surfaces 41b and 41c respectively (i.e. return in

the optical pattesfarummiggraviizeh fLB@ émaﬂ%tart@edtiﬁfpassediﬁ&he Y-axis
through, in the reversed directions), and are received %/

i nt er f er onet eHsreA3A and amthﬁéﬁépﬁ@rvxkiehn‘éeéfgrmla@bﬁﬁnl $rig sed when
Y-axis direction of wafer stage WST ( novable mrror, 41) is
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respectivel yyhen a wafer is loaded as shown in FIGS. 22 and 23 and when
a wafer is unloaded as shown in FIG. 21.
Measurement beams Bl and B2 along the Y-axis are
irradiated from each of Z interferometers 43A and 43B toward
15 movable mirror 41. Measurement beams Bl and B2 are incident
on reflection surfaces 41b and 4lc of movable mirror 41 at
a predetermined incident angle (to be 6/2), respectively.
Then, measurement beams Bl and B2 are reflected off reflection
surfaces 41lb and 41c respectively, and are vertically incident
20 onthereflection surfaces of fixedmirrors 47A and 47B. Then,
measurement beams Bl and B2 reflected off the reflection
surfaces of fixed mirrors 47A and 478 are again reflected off
reflection surfaces 41b and 41c respectively (i.e. return in
the optical paths, through which the incident beams passed
25 through, in the reversed directions), and are received by Z
interferometers 43A and 43B.
Herein, when a displacement in the Y-axis direction of
wafer stage WST (i.e. movable mirror 41) is assumed to be AYo

and a displacement in the Z-axis direction is assumed to be



ALl = AYo x (1 + cosh) - AZo x sine ... (1) AL2 = AYo x (1 + cose) +

AZo x sine ... (2) Accordingly, fromthe equations (1) and (2), the
10 di spl acenents AZo and AYo are obtained by the follow ng equations
(3) and (4). AZo = (AL2 - ALlI) / 2sine ... (3) AYo = (ALl + AL2) / {2
(1 + cose)} ...(4) 15 The displacenents Ao and 4Yo are obtai ned by

each of Z interferoneters 43A and 43B. Then, the displacenents
obtained by Z interferoneter 43A are assunmed to be AZoR and AYOR
and the di spl&%eneit LRIt harBy Endgfitergtanafetddyl /3B negsuingRantedean

to be AZoL and AYol. A distance between 20 neasurenent. beans Bl and
B2 irradiat eoBd]bf1 ER SPt¥Cail math rdiitethangR Ahd A3ENeFEHI RNt beam

apart frome (G s K- axl iy I I t e
(refer to FI 2%&9 a&é ;ku%: a\é%scﬁ)r%‘tﬁi%n%ne{%feP%ﬁds%ﬁ%ﬁ%en (a%acg/)\/idn% are
amount) Aez idypidesd¥ G raed iam Oy my ah & i ddOr (AL {dq e waf er
stage WST) 25 and the displacenment (rolling armunts Aey I n the By
direction5 ofregmpeatiiesgmy.ror 41 (i.e. wafer stage WST) are obtained
by the follow ng equations (5) and (6). Aez (AYOR - AYyolL) / D ...

(5) Aey (AZOL - AAIR) & Ao x ((@) STosBocer dizrglxy sim@ n cortyrol | er 20
can conpute the displacenents of four degrees of freedom i.e. AZo,
AYo, Aez and Aey d&fL2waf éf¥ostxagd WSEds@sed dvict e sie@surenit results
5 of Zinterferoneters 43A and 43B, by using the above-descri bed
equations (3) to (6). In this manner, nmain controller 20 can obtain

the displacement SA%fcoVJ\%ci%rglsﬂft,a%%o\r/a\gghlen e%lura%%tc;n%ns( 1C3f ashlcf( (%g’r ec%sé
10 displacements AZo and AYo are obtained by the following

equations (3) and (4).

AZo = (AL2 - ALl) / 2sin® ...(3}
AYo = (ALl + AL2) / {2 (1 + cos®)} ..(4)
15 The displacements AZo and AYo are obtained by each of

Z interferometers 43A and 43B. Then, the displacements
obtained by Z interferometer 43A are assumed to be AZoR and
AYoR, and the displacements obtained by Z interferometer 43B

are assumed to be AZolL and AYol. A distance between

20 measurement beams Bl and B2 irradiated by each of 7Z
interferometers 43A and 43B that are apart from each other
in the X-axis direction is assumed to be D (refer to FIG. 2).
On such assumption, the displacement (yawing amount) A8z in
the 0z direction of movable mirror 41 (i.e. wafer stage WST)
25 and the displacement (rolling amount) A8y in the 8y direction
of movable mirror 41 (i.e. wafer stage WST) are obtained by
the following equations (5) and (6).
ABz = (AYOR - AYoL) / D ...(5)
ABy ~ (AZoL, - AZoR) / D ...(6)



of freedom (Z, X Y, 9z, ex and ey directions) fromthe 10
measurenent results of interferoneter system 118. |Incidentally, in

t he enbodi nent, interferoneter system 118 1is to be capabl e of
measuring position information of wafer stage WST in the directions
of six degrees of freedom However, the ggeasurenent directions are
not limted to the 15 directions of six degrees of freedom but may
al so be directions of five or | ess degrees of freedom

Incidentally, in the enbodi nent, although the case has been descri bed

where wafer stage WST (91, B) is a singl stage that is novable in
di rections of six Wg‘éﬁ{(f'r é@dﬁh}cor‘fgcﬁt}r@rp &RD (GRAE oSS
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case, novable mrror 41 described above is arranged on wafer table
WIB. Furt her equsttieats of3)r efd epd)i on surfaces 17a and 17b, a novable
mrror made up of a planar mrror nmay be arranged at wafer table

WB. 56 |In the enffodithemt mehmmeeyemaigosiaritorelilefrodatdaon aft adaf emhe
stage WST (wafer table WIB) within the XY %Ianel(posLtion .
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encoder syst&Mcidentally, in the embodiment, interferometer system 118
is to be capable of measuring position information of wafer
stage WST in the directions of six degrees of freedom.
However, the measurement direcitions are not limited to the
15 directions of six degrees of freedom, but may alsc be
directions of five or less degrees of freedom.
Incidentally, in the embodiment, although the case has
been described where wafer stage WST (91, WTB) is a single
stage that is movable in directions of six degrees of freedom,
20 the present invention is not limited thereto. Wafer stage WST
may also be configured including stage main section 91 that
is freely movable within the XY plane, and wafer table WTB
that is mounted on stage main section 91 and is finely drivable
relative to stage main section 91 in at least the Z-axis
25 direction, the 0x direction and the 6y direction. 1In this case,
movable mirror 41 described above is arranged on wafer table
WTB. Further, instead of reflection surfaces 17a and 17b, a
movable mirror made up of a planar mirror may be arranged at

wafer table WTB,



(e.g. due to deformation over tinme of the scales, or the like) 10 is
corrected (calibrated), or when the backup becones necessary at the
time the abnornmal output of the encoder system occurs. Incidentally,
in the enbodi ment, out of position information of wafer stage WST in
the directions of six degrees of freedomg position information in
directions of three 15 degrees of freedomincluding the X-axis
direction, the Y-axis direction and the Oz direction is neasured by

the encoder system¥ tiQHERREMGEd IRWEIET aRPSidsian dmfiamatien of
in directions_pof the r i ning thr degrees, of, freedgm .that is, .
the Z-axi s di'ToETT GHEOEHE OA VG PECIATHE ARG CHE-THy: R Pect PORASORAS Tt ion
nmeasured by a MEasiyemEnt, syst 1o be cribed later) -having a
plurality of SENnsors. _I—iér?ec?lnfég leorf)%s?fﬁg}lfé%)ncs%g%a%% ochf i%ee@om
directions of;{he,d &i@i-Rikag R 86989 €85n Al hEeedm IRy i3501 B&ainty
measured by both the neasurenment system and interferoneter system
118. For gxampasutd® POl idnteded NH@itdd | Qb vk (s @ds 1HTSO Qhd
and the By direction may be neasured by the neasurenent system and

t he position thenfmramizamenn tdiendx «ff riacte ofe maye ther STeEaEUrlas byl27 are
interferoneter system 118. Incidentally, at |least part of

i nterferonet éeyrsiamlivgisH (sudie axases optdlals sylstredomgryt dyen
arranged at the nmain frame. that holds projection unit PU, or nmay

al so be arrangétFtuatiedt A9 Fhm PRagreeBentoRadiee P thpitengoder ‘system

cmbodi mont .54 1o B D AL TTB% LS Dot BPrSHERF aE% he® Like)
t lescr i bed A T
Stage mra sact o 0T el Bt Sive i el 2 dha bl BT

mounted on StAg&ssary at the time the abnormal output of the encoder system

occurs. Incidentally, in the embodiment, ocut of position
information of wafer stage WST in the directions of six degrees
of freedom, position information in directions of three

15 degrees of freedom including the ¥-axis direction, the Y-axis
direction and the 6z direction is measured by the encoder
system (to be described later}, and position information in
directions of the remaining three degrees of freedom, that
is, the Z-axis direction, the 8x direction and the 8y direction

20 is measured by a measurement system (to be described later)
having a plurality of Z sensors. Herein, the position
information in directions of the remaining three degrees of
freedom may also be measured by both the measurement system
and interferometer system 118. For example, the position

25 information in the Z-axis direction and the 8y direction may
be measured by the measurement system and the position
information in the ©6x direction may be measured by
interferometer system 118.

Incidentally, at least part of interferometer system 118



mai n section 92. Measurenent table MIB is nounted on stage 10 main
section 92 via a Z-leveling nmechani sm (not shown). However, the
present invention is not limted to this, and, for exanple,
measur enent stage MST having a so-called coarse/fine notion
structure in which nmeasurenment table MIB 57 s configured finely
novable with respect to stage main section 15 92 in the X-axis
direction, the Y-axis direction and the 9z direction may al so be

enpl oyed, or tHERGF PHUPRETER! M¥F Yo NaleLe il t3Reed @ twhenmain frame
measur enent tabl.e MIB,is fixed on stage in secti 92 and the
entire rreasurtgln%tnth% WIS ‘i’fhdi"hlgt ]?%ggs?ﬁ é?%ﬁté)f%%l S Nre P
stage main s i I I v 0. j i of _ sl s. of
fregdom Var F%Ejﬂs yag%lsl% %Hn}%ﬁj‘e&eﬁ%%orﬁn&ﬁgie{r gﬁar% r:%lsngée ;g(flgﬁ&? i

measur ement  tabd e M&; 63REeSE RAQ HBL Ar SISEY 1293v22) bufOlin EX8MNS BNt
is shown in FIGS. 2 and 5A, neasurenent nenbers such as an uneven

i Ilum nange niasdirfaupsens0ky84 ol 8 Hast @ beda prahgt e -=3hepetheasurement
| i ght-receiving section that receives illumnation light IL on an
i mge pl ane ofrgmejdxidorbaptdlmate. system PL, an aerial inmage
measuring instrument 96 that neasures an aerial image (projected
i mage) of a patt er Alaasarenantprdjags ¢ hyinsrlojdaa idRaspiiedal sstian 92
PL, and a wavefront 5 aberration measuring instrunent 98 by the
Shack- Har t marfSHEHRRF ARAYS 8ndi 3ANRATFSTENY GraldeapPemovRES Bt tge
of I nternat iHQaniaI S%ucbcltjjocat' on plo SV\AD 03/ 96 ggﬁ aﬁﬁ the like are e
enpl oyed. As WEvefiSit Aberat I'6ASHESLGR n gt Yifeht YO EE R GiH&9
G s 9sedol N d O SHXAMLE o N PATPAL Ly O s nd MELNAL A0, FUALAGA ) O
No. WD 99 60361q{t e corresponcﬁong VFée;ltlen %p i‘Cati oh Publica )i on
No. 1 079 223w $hP@rede@@ invention is not limited to this, and,
for example, measurement stage MST having a so-called
coarse/fine motion structure in which measurement table MTB
is configured £finely movable with respect to stagemain section
15 92 in the X-axis direction, the Y-axis direction and the 6z
direction may also be employed, or the configuration may also
be employed in which measurement table MTB is fixed on stage
main section 92 and the entire measurement stage MST including
measurement table MTB and stage main section 92 is drivable
20 in directions of six degrees of freedom.

Various types of measurement members are arranged at
measurement table MTB (and stage main section 92)., For
example, as is shown in FIGS. 2 and 5A, measurement members
such as an uneven illuminance measuring sensor 94 that has

25 a pinhole-shaped light-receiving section that receives
illumination light IL on an image plane of projection optical
system PL, an aerial image measuring instrument 96 that

measures an aerial image (projected image) of a pattern that

is projected by projection optical system PL, and a wavefront



As uneven illum nance neasuring sensor 94, the 10 configuration
simlar to the one that is disclosed in, for exanple, Kokai
(Japanese Unexam ned 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 neasurings8 nstrunment 96, the
configuration simlar to the one 15 that is disclosed in, for
exanpl e, Kokai,k (Japanese Unexam ned Patent Ag@lication Publ i cati on)
e

No. 2002- 014003 ¥ ¥ P! OR JREREPOHT np T BImesak %p*ﬂil%g‘%fil%%k-ﬁartman

Publ i cat i . 2002/ 004137 d the, lik b .

ol dent al 1y eHIEE WaLeurenthreheREer B oot e S e PRPEE o
d t gt i t o] e

fypos. andl o CHeL LThar o P e b 8 o A, ETERETRE anBoYEland e

to them As theoIBasr emRNl RIS, abQbr8X2BR! fea SRASHE CIRM rument 98,
menbers such as a transmttance nmeasuring instrunent that neasures a

transmttancetlod @io®]eCéidDrs@Ptical fSyséeimPle, 25hansdmshBere@suri ng

i nstrunment that observes local liquid inmersion device 8, for

exanpl e, nozziwtemnat B3 bPubilh dadrion O 1)WR O H/166 361k ¢t haycat mmsgeding
used. Furthernore, nenbers different fromthe neasurenent nenbers
such as a cl dahiffgenfeiper Lcaatlosl BuhdinaEipe Nai tl 3279 £28)1 eas abdo be
or the Iike 59 y al so be nounted on neasurenent stage MST. In the
enmbodi ment, d8%<%an be seen from FIG 5A, the sensors that are

frequently used such. as uneven .l l.um nance _ measuring sen 94 and
aerial inmge rreasu?ll‘snd’u-i%vﬁl} M%%ea%eaﬁ%c]&? ocreaol](r-:'rlé‘f?e CL
(Y-axis SSi 19#%g et er regsur t. st T4 s
Thereforg? i&%ﬁéﬁae_ o&%ﬁgﬁ%, n@ggﬁ%gﬁént Jging Hgiégﬂgggggﬁé:ganfor
be performed eiymgmy, b KBAS UF SIBIH s S TR0 M & Mat dhi T Ad Sion

direction

Publication) No. 57-117238 (the corresponding U.S. Patent No.
4,465,368) and the like can be used. Further, as aerial image
measuring instrument 96, the configuration similar to the one

15 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
measurement members (94, 96 and 98) are to be arranged at

20 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
measures a transmittance of projection optical system PL,

25 and/or a measuring instrument that observes local liquid
immersion device 8, for example, nozzle unit 32 (or tip lens
191) or the like may also be used. Furthermore, members
different from the measurement members such as a cleaning

member that cleans nozzle unit 32, tip lens 191 or the like



wi t hout noving the nmeasurenent stage MST in the X-axis 10 direction.

In addition to each of the sensors described above, an illum nance
nonitor that has a light-receiving section having a predeterm ned
area size that receives illumnation light |IL on the image pl ane of

projection optical system PL nmay al so 15 3% enpl oyed, which is

di sclosed in, for exarrpl e, Kokai (Japanese Unexam ned Patent

Appl i cation PubI ication) No. 11-016816 (the correspondi hg U. S.

Pat ent Appl i C3RY ch-SPust |IE‘:%WPW NI WWM‘BQ’%’CW N¥e 1ike. The

UTnance oo SRS A Pacsd sn e cerard 15, .
per formed 'n c{]}t%'\ﬁc{lfart \élrlesf% %%%Ql EeSX éf‘fr em C-%E d_l]umlna ce

(illum nation via proj tlon oplca Sys I qui

(water) Lg, %M@'s@@isﬁbﬂ@@vﬁd'déﬂr&”%&%e Reasuring ﬁ?&?ﬂﬁm&ﬁ 96
(and the illum nance nonitor), aerital 25 inmage neasuring’instrunent

96 and vagef ro gkatddiddn d@RSAF g ISt (wpits $Shddialg afterdisnd dHe
measurenent using illumnation light IL receive illum nation |ight

IL via proj ety jopii gedasystmem Plsteauke WRRr [Thhe riedotrieer inomhy part
of each sensor such as the optical systemmay be nounted on 60

measur enent teIREINVER Y afigastagaenti us seg theseg2ienerrs lvan eatdanformed

sensor may be pl aced on neasurenent table MIB (and stag%él mai n
section 92). %Hioé’léllﬁfoWﬁa?HrP}“@ltSBta‘éef“i‘%é’-@d’aﬁ@dt]a?t ke tdinaaidon

542|sf|xedt e end surface on the -Y side of e .
section 92 of é??erﬁn%ttibee S Y Hers T4 tbf%ﬁe]gﬂj tﬁ%:}?_aﬁéél%n
the -Y sigde in section 92, a pair of photodetection

syst ens %.g arel]:f%lI xegjrrﬁ the vicinity of the

In additicn to each of the sensors described above, an
illuminance monitor that has a light-receiving section having
a predetermined area size that receives illumination light
Il on the image plane of projection optical system PL may also

15 Dbe 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 1ike. The illuminance
monitor is also preferably placed on the centerline.

20 Incidentally, in the embodiment, liquid immersion
exposure is performed in which wafer W is exposed with exposure
light (illumination light) IL via projection optical system
PL and liquid (water) Lg, and accordingly uneven illuminance
measuring sensocor 94 (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 via
projection optical system PL and water Lg. Further, only part

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



center position in the X-axis direction inside an opening of 10
attachnment nenber 42, in the placenent capable of facing a pair of
light-transmtting systens 36 described previously. Each of

phot odet ecti on systens 44 is conposed of an optical systemsuch as a
relay lens, a light-receiving elenment sucép as a photomultiplier

tube, and a housing that houses them 15 As is easily conceivable
fromFIGS. 4B and 5B and the description so far, in the enbodi nent,

in a state WG WegRent s’%%l@%e\mfﬁamm%ﬁﬁ%mn s&%@‘e‘-%ﬁ%)re or the
cl oser together within get erm ned distance in the_Y-a

direction (i ﬁ%%aenﬁoE BOF Rt3f Onlf?qalﬁﬁl?%ﬂ‘?%tﬁpéﬁtmq_ fRdistage

has been 20 trga,nsmtted t ?)ugh each aerial inage neasurenent slit
p

pattern SL of arrlenassuercetrrlia% a’te 30 is guided by each

i ght-transm (i ng sy stem i, andeteosihled Aditn b e LEERRUNDhorber

el ement inside each photodetection system nmeasur enent

plate 30, sl i gt -itg aISfAEd tHNGHeY ehaMBudfade 8AGtRBOLPASIEtd O SRS Qin
44 constitute an aerial image nmeasuring device 45 (refer to FI 6),

which is sinmdertion $hedHneedscdmsed stadwkedT ( Japanese , Urexalenetd
Patent Application Publication) No. 2002-014005 (the correspondi ng

U S. Patent Apptiast ion Publitagidm dND.s2082/m3041 FEHtBIN I8f er edit ®f
previously, and the like. On attachnment nenber 42, a confidential bar
(her ei naf t er Phairsiatscidrery et emes okd @ recd wd )lmé’-h%d{lqls}llr*ﬁeﬁdé?ﬁjrﬁhe

of a bar-sha menber, havin rect angul ar sectional ,shape and 5
serves as a r%‘g‘wee%&é’sdﬁﬁﬁé} g‘saﬁ?r%r@éﬂs J'rﬂjjnqﬁstl g?( eR¢Ring of

Surect! otp, Bialorihule dLgRIR oLl SipRorl S g, JRIBMETE AR o
prototype standards 1ight-transmitting systems 36 described previously.
Each of photodetection systems 44 is composed of an optical
system such as a relay lens, a light-receiving element such
as a photomultiplier tube, and a housing that houses them.
15 As is easily conceivable 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 II. 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 device 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)



(measurenent standard), optical glass ceramics with a low 10
coefficient of thermal expansion, such as Zerodur (the brand name) of
Schott AG are enployed as the materials. The flatness degree of the
upper surface (the surface) of CD bar 46 is set high to be around
the sane |level as a so-called datum pl anesl plate. Further, as is
shown in FIG 5A a reference grating 15 (e.g. diffraction grating)
52 whose periodic direction is the Y-axis direction is respectively

formed in the"SAXTHEY yEOIPTERECEHHY pot®d o obi Bfe side and the ot her

i the "L ona vl ps e on sl 2 0ot g8, e PR e inareor,
Getor i g rimed e LS it .

D acermnt wi T s ehpet e SO o S . ol MR U S st =

bar 46, thatpd;s, s8N Erhdiee Cln Aesed | betk abovg ) Furddiers oo theape and

upper surface of CD'bar 46, a plurality of reterence marks Mare
fornmed i nst hesgtweenmenta ase Sdeaicd memSe Fl 3 HAradded pha@hdiyvg ofn the
reference marks Mare formed in three-row arrays in the Y-axis
direction in X+exisandi pecichion. add tdeer arér dys ofineacht irrad livs sppeeded on
being shifted fromeach other by a predeterm ned distance in the

X-axi s di r ectisrgurewenigch afe rdf Brienceuhar ksnaya tal ¢ woowh tesist welahre .
mark having 62 a size that can be detected by the primary alignnent
system and secondayf iGhhaft LIBT3 e REEGT RS $tndard s
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surface of
degree of the upper surface (the surface) of CD bar 46 is set

high to be around the same level as a so-called datum plane
plate. Further, as is shown in FIG. 5A, a reference grating
15 (e.g. diffraction grating) 52 whose periodic direction is the
Y-axis direction is respectively formed in the vicinity of
the end portions on one side and the other side in the
longitudinal direction of CD bar 46. The pair of reference
gratings 52 are formed apart from each other at a predetermined
20 distance (which is to be “L”) in the symmetrical placement
with respect to the center in the X-axis direction of CD bar
46, that is, centerline CL described above.
Further, on the upper surface of CD bar 46, a plurality
of reference marks M are formed in the placement as shown in
25 FIG. b5A. 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 & predetermined distance in the X-axis direction.

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



measur enent table MIB (which may include the neasurenent 10 nenbers
descri bed above) are also covered with a liquid repellent film
(water repellent film severally. Also on the +Y end surface and the
-X end surface of neasurenment table MIB, reflection surfaces 19a and
19b are forned simlar to wafer table WI& as descri bed above (refer
15 to FIGS. 2 and 5A). By irradiating an i nterferoneter beam

(measur enent beanm, is showmn in FIG 2, to reflection  surfaces
19a and 19b a?me%%eﬁ%ﬁ%gcaa{l ST |d€&eé=&qd1 &m tBE BEEWATY Nt bt PRPRRRLIYSten
beam Y int erfer oneter .18 an i nt eé

f .
i nterferonet ef C.iLSf)eC%n%%nys% J\?\?lmf“?‘lnﬁ ek %IESTLOFE%fe%? ‘%%S‘%@e%)i%?er 1s

i nterferonet ]?’IE;JJ_Pé ASUr I.spl_ac t

of each refl ngtl on surface n(dl:rom ﬁﬁaplgs)sci {Breoﬁ&iﬁeaﬁeq%tzanposs 1on
information ofcomasieFEs) @cﬁg%lMﬁEl@q farkneh UGG 13t th@aéﬁbodlment
position information in the X-axis and Y-axis directions and

rotation iBnf oreddtenced @bk tneaBd figeeisdDmarandvt hevaeassr eamat

val ues are supplied to main controller 20. In exposure apparatus 100
of the enbodi®mmnstitutbet vehd apsd neryy ahaganent syst erordt itst pdracetth
on straight line LV passing through the center of projection unit PU
(optical axi sth%t A ¥ Prigrearitomagidt icgalvadest Bm PLncifiéeballgpo in the
coincides with e center of ex%ﬁcsure area A in the enbodi ment) and

bei ng paral I%ﬁ‘b? REHEE - B3E SSURRChaRE LheR2EL T OrPR@ntle BErEace of
oo s e A SRRl d oo
o rouhyo el 0 LGt A e RIS oLy BL 10,1 11 gy
surface of a yaidn f&eers {net @M)ré@@lfeﬁl’s‘pppirﬁ NBIReE 2 By |
Also on the +Y end surface and the -X end surface of
measurement table MTB, reflection surfaces 12a and 19b are
formed similar to wafer table WTB as described above (refer
15 to FIGS. 2 and 5A). By irradiating an interferometer beam
(measurement beam), as is shown in FIG. 2, to reflection
surfaces 1%a and 19b and receiving a reflected light of each
interferometer beam, 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 pesition, that is, position information of measurement
stage MST (e.g. including at least position information in
the X-axis and Y-axis directions and rotation information in
25 the €z direction), and the measurement values are supplied
to main controller 20.
In exposure apparatus 100 of the embodiment, in actual,

primary alignment system ALl is placed on straight line LV

passing through the center of projection unit PU (optical axis



On one side and the other side in the X-axis direction with 10

primary alignnment system ALl in between, secondary alignnent systens
AL21 and AL22, and AL23 and AL24 whose detection centers are
substantially symetrically placed with respect to straight line LV
are respectively arranged. That is, fiveezlignnent systens ALl and
AL21 to AL24 are placed so that their 15 detection centers are placed
at different positions in the X-axis direction, that _is, placed .

al ong the X- &4 ©fdPFeterbhon omticalk sysesanklat iWhdigh sheanchincides with

secondary alignnment syst AL24, each secondary alignnent system AL2n
(nel o 4) 99 (5 40 OF EROFEGFNFAGRong) Joft an FHTREEHET o Erlth fy Ao
that 20 can d}a‘&f AeLnd &%%é%d&%‘é% LS A NG, Gt el dtradesition
predet er mi ned angl'e range 1 n clockwi se and anticliockwse ~ditections

in FIG 3. Ingdhe ig@ﬂ%bgg@pa% ;E%{o%ﬂg@gesﬁfgic%ﬂ 291 £aths 38ceRdained

al i gnment system AL2n (e.g. I n t east an optical system

that irradi atEs@ahdad banmeht-vl § ot 2251 E sribwdet aCtT®N 33r 8- RBdgRlesa tted
| eads the light that is generated froma subject mark within the
detection aream tRI@ 1 ifpum ridoeiwigwpelrament )avas dHinged rtar iatama b @f ark
the remaining section is arranged at the main frane that hol ds
projection @Wiawipy. TReixapysalionsent secoedDl dlsi ghredt teoyiedpwer
AL21, 64 AL22, AL23 and AL24 are severally adjusted by turning

around rot atSWBH A& Odr a0nasnt eareningt shiewst h&d awdr #2ppe e member 54.

detection areas (or ,the detection centers), of secondar | i gnment .
Systens AL21 CTARSS. SACES 25 CAEDICRRE PO pHRdart g Srouhis i St I i th

X-axis djpec ﬁ’i‘aaf&?%% Lagly. sthe relat ii\zllebgfﬁgaé%gnssegénd%rgfflignment

. 5]
detection areas of “primary al’i ghnent system Secon

alignment systeng Al 2y, éh%zzleéL,?én&h@gz%%Ad 210, \AYLSEAPEE 1 On G ters

X-axis direction. Incidentally,int
are substantially symmetrically placed with respect to

straight line LV are respectively arranged. That is, five
alignment systems ALl and AL2; to AL2, are placed so that their
15 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.AL24,.each secondary alignment system ALZ, (n=1 to 4)
is fixed to a tip (turning end} of an arm 56, (n=1 to 4) that
20 can turn around a rotation center O as the center in a
predetermined angle range in clockwise and anticlockwise
directions in FIG. 3. In the embodiment, a partial section
of each secondary alignment system ALZ, (e.g. including at
least an optical system that irradiates an alignment light
25 to a detection area and also leads the 1ight that is generated
from a subject mark within the detection area to a
light~receiving element) is fixed to arm 56, and the remaining
section is arranged at the main frame that holds projection

unit PU. The X-positions of secondary alignment systems BAL2:,



enbodi nent, the X-positions of secondary alignnent systens 10 AL211
AL22, AL23 and AL24 are to be adjusted by the turning of the arns.
However, the present invention is not limted to this, and a drive
mechani smthat drives secondary alignment systens AL21, AL22, AL23
and AL24 back and forth in the X-axis dia4ection nmay al so be

arranged. Further, at |east one of 15 secondary alignnment systens
AL21, AL22, AL23 and AL24 may be novable not only in the X-axis
direction butblfzgo?PRs BRE Plgni 3re GF9EREGF bR aTHIHeR AV Furdiimce aggund

f h d . ali t AL [ b 56, ., .

posi(1on 1 ni ORRATSH CORCERG BRRFA RAFCTS: { (U4 ELB MM Gon ps detection
ble b ' t.

i encoder . PR SaGort ey om0, (Tort TSR, For d e

X-axis diregdjnpf ngecondary _ﬁi%g%ﬁ%néL§¥%tr%”lﬁ‘Hgﬁen9éng§¥ Mvable in

capabl e of nméasuring position information in another direction, for
exanpl e, $he t¥reaXtaxdlireiotddoii @nd/ accolreinhglat, | e dieletivenpo2btions of
(including at |east one of the 8x and 6y directions). On the upper
surface of eddie aighesfnom arsaumpadis@iry (@lAbrimert) dysten AL1 and
conposed of a differential evacuation type air bearing is arranged.
Further, armSS@ensarbalbignmenthysystams &tlizon dkkve heehamdshlednare

(n=1to 4, not shown in FIG 65 3, refer to FIG _6) .that includes
for exanpl e, 2R IMFEP IS 10t Adq ik@x s dr’éseﬁﬁé%‘-tolﬂﬁéﬁifa%lailéﬁs 6 the

i troll 2Q. i ol l.er, 20 activates, each .vacuum pad 58n
Lo fixoach Snamets BT T iRt ts OO B 1o Aot Gt ens

tati St f Th . f .
o OTA o it TS Ot R Ee {0 R AR LRI Difing of
relation betwen JRHsTar ¥oRbL,@RIMeRh e SYSL 80M AL nfdd: { QUTi ¢ SRAONAA K ed to

al i gnnent systens AL21 to AL24 is nmintai ned.
this, and a drive mechanism that drives secondary alignment
systems ALZ2;, AL2,, AL2; and AL2, back and forth in the X-axis
direction may also be arranged. Further, at least one of
15 secondary alignment systems ALZ2,, AL2., AL23; and AL2, may be
movable not only in the X-axis direction but also in the Y-axis
direction. Incidentally, since part of each secondary
alignment system AL2, 1s moved by arm 56,, position information
of the part that is fixed to arm 56, is measurable by a sensor
20 {not shown) such as an interferometer, or an encoder. The
sensor may only measure position information in the X-axis
direction of secondary alignment systemALZ2,, or may be capable
of measuring position information in another direction, for
example, the Y-axis direction and/or the rotation direction
25 (including at least one of the 6x and &y directions).
On the upper surface of each arm 56,, a vacuum pad 58,
(n=1 to 4) that is composed of a differential evacuation type
air bearing is arranged. Further, arm 56, can be turned by

a rotation drive mechanism 60, (n=1 to 4, not shown in FIG.



Incidentally, in the case a portion of the main frame 10 facing arm
56n is a magnetic body, an el ectromagnet may al so be enpl oyed

i nstead of vacuum pad 58. In the enbodi nent, as each of primary

al i gnnent system ALl and four secondary alignnment systens AL21 to
AL24, for exanmple, an FIA (Field I mage A3 gnnent) system by an inage
15 processing nethod is used that irradiates a broadband detection
beam t hat does not_expose resist on a wafer to a subject mark, and

pi cks up an itmgeeftr the Bibj &t thak Forhides orf &t 195 ece VgL or
pl ane by the reflected.light fromthe subject mark and an i mage. of

an index (an THdex Kat t8r AEBRODER AN iR YA i@ hPrafg W%W%l%%%r?o-
al i gnnent syste Qt own), ~, .uUsi.ng,an i i hg_device uch as. CCD

, and then ou ap%a SC%I}%réjls'L:l%rm)azgi ﬁgc %i"%ﬁ%ﬁs?a e’ Cﬁr“é]'érflr?ga%i ﬁa{loffjo}‘fnea?(:h
each of prinaLy =3 i gonent, 1Sy $t-eLA r ' .y
systems AL21 to 54 suﬁg%/?egﬁ%o%n%?n%c%%r gﬁfggeggsyn%gg Hhation

I nci dent abl y,acepcdemdnd Rer alringhEENt T9XS, e0hedgsst el e A0R W SN fter
limted to the FIA system and an alignnment sensor, which irradl ates

a coherent detecitiion ldgilte tad-pustigrect tatk ianca dbtectsd et i@ied
light or a diffracted |ight generated 66 fromthe subject mark or
makes two di ffelectiesh |befinee( epyinany fdriapieeh | g tserofAL hearsdniour
order or diffracted lights being diffracted in the sane direction)
gener at ed fr otRIHEEUDj IRk F¥tianerAlZnboddiéctiss gpintained.

interference light,_ can 5 naturally be used alone or in_conbination
as needed. Furt her,InCFi‘i?él%%ild’mréﬁlt tg}?sfzéﬁﬁ ALPORhYONL 2] the AP Firgme
to be arygng

(0,52 27 §BTIof LIS, SEROML PN NN B, B MIBEL S LR 1o
mor e be employed instead of vacuum pad 58.
In the embodiment, as each of primary alignment system
ALl and four secondary alignment systems AL2; to ALZ24, for
example, an FIA (Field Image Alignment) system by an image
15 processing method is used that irradiates a brocadband
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 the
subject mark and an image of an index (an index pattern on
20 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
systems ALZ; to ALZ; is supplied to main controller 20 in FIG.
25 6.
Incidentally, each of the alignment systems described
above is not limited to the FIA system, and an alignment sensor,

which irradiates a coherent detection light to a subject mark

and detects a scattered light or a diffracted light generated



than two and equal to or less than four, or may be the nunber 10
equal to or nore than six, or may be the even nunber instead of the
odd nunber. Moreover, in the enbodinent, five alignnent systens ALl
and AL21 to AL24 are to be fixed to the |ower surface of the main
frame that holds projection unit PU, vias&upport nenber 54. However,
the present invention is 15 not limted to this, and for exanple, the
five alignnment systens may al so be arranged on the neasurenent frane

descri bed eaff¢Rrthe(FUNERCt dra Hhrdhtnakes dite AL rRFmP L idhtg 2. 9.
are sinply called mark.detection systens in the enbodi nent, ,sjnce
al i gnment sys(i?1 %*._t}ecgrlf&g L§1°$5hﬂ§ﬁm% r aFid&%rﬁcﬁ?é kign5p Reing
wafer Wand t e rks._on bar. 46. |1 n _exposure _appar at ys.
100 of the er%glgfd‘%%ﬁ?égg iqges W C%‘:%ne J(fr?)s,gefn&fragﬁéf;gr%ni ¢® gt

C20, 01, e CIEPErL ek o cumy e ek rgfome PU i

nozzle unit 32 on all four sides. In actua

are fixedsto ddwuZ5 1Pbedosdd aen & afEcbiisi nfol 88 v RegtHon midither,
PUin a suspended state via a support nenber, although omtted in

FIG 3 fromiiwee wildwnoientt effsaensdhhy amt BLCacy af.2t heradtawbagrranged
Incidentally, for exanple, in the case projection unit PUIis

supported in i dspendedigeate, heeeven ttho2ambe 62D abhygheeB? systems
supported in a suspended state integrally with projection unit PU,

or may be arrsghged atmthednsadirereRbtirardaisser ppper 5Bl the@y more
units 62A and 62C are respectively placed_on the 5 +X side and -X
side of projé alrbﬁwlﬁlnfiflg Hﬁiﬂ%‘b Otrﬁé‘eslsoﬁaf"?ugﬁ"h’éd i P8¢t PEntiph URPer

X201, ARt 498 Roalogn RLAED ARl Bl HHE SDSLAARL istcac
symetrical | oy 5dd number. Moreover, in the embodiment, five
alignment systems ALl and AL2; to AL2,; are to be fixed to the
lower surface of the main frame that holds projection unit
PU, via support member 54. However, the present invention is
15 not limited to this, and for example, the five alignment
systems may also be arranged on the measurement frame described
earlier. Further, alignment systems ALl and AL2; to AL24 are
simply called mark detection systems in the embodiment, since
alignment systems ALLl and AL2; to AL2,; detect alignment marks
20 on wafer W and the reference marks on CD bar 46.

In exposure apparatus 100 of the embodiment, as is shown
in FIG. 3, four head units 62A to 62D of the encoder system
are placed in a state of surrounding nozzle unit 32 on all
four sides. 1In actual, head units 622 to 62D are fixed to the

25 foregoing main frame that holds projection unit PU in a
suspended state via a support member, although omitted in FIG.
3 from the viewpoint of avoiding intricacy of the drawing.
Incidentally, for example, in the case projection unit PU is

supported in a suspended state, head units 62A to 62D may be



respect to optical axis AX of projection optical systemPL. 10
Further, head units 62B and 62D are respectively placed on the +Y
side and -Y side of projection unit PU having the | ongitudinal
direction in the Y-axis direction and are also placed apart at the
substantially same distance fromoptical eaxis AX of projection

optical systemPL. 15 As is 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 pl ac%tp%qr%e%écﬁeﬁéﬁﬁﬁﬁéedcﬁ%ﬁ%éétéaraléyr%fdhprpaﬁétlem unit

t hat passes t ou h optical axis rolectlon %%I% tem%LC1
and is paral lef” Y A5 BhG %(r%&?%u%“ b ‘?%‘?1 ef%%l €
unit 62A const es a nultiple- Iens (SIX l ens, in thls case) Y

| i near encoder (hereinafter, shortly referred to as a "Y encoder" or

an "encoder” as neefed) unﬂ%% %@ﬂfﬁhdt@25|g&eG}eéﬁééth@§¥r§§aé@@ on the

position in the Y-axis direction (the Y-position) er stage WST

(waf er tabl e 25 B atsd Nk Yo 5kl €f IMAFiesieidbach above. hSriid afhey,
head unit 62C constitutes a nultiple-lens (six-lens, in this case) Y

l'i near encoderordi@ydiefal diadetGorb)nt biae Xresaameisrtehﬁloﬁ- pastt&os adfso
waf er stage WST (wafer table WIB) using Y scale 39Y2 descri bed

above. |n thimlazeeapardi stabbe hdrsteor 68l ladisacedt s¥aheadfren (rtisal
measur enent beans) equi pped in head units 62A and 62C is set shorter
than a wi dt h 3%3 He )@faﬁrso]etﬁtrjé?ﬂ i IgF2 by ety %WWW Fith

b t | th d 38) . Furth

olural i t 308? "Fehedk w0 e TS, é%}.” ela}%egﬁiﬂngc?%ﬂe%l A iShen L.
d 62C | t t

oo v2s 1f paAtkedey ) SASLANE RIS A Hhd Tddfc i Flaced on

accurate, to trde.viddeidfa 0z &l 1o 85 AN OSi A1 il P | 8PS APy SGhe

as to
longitudinal direction in the Y-axis direction and are also

placed apart at the substantially same distance from optical
axis AX of projection optical system PL.

15 As is 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
system PL and is parallel to the X-axis, along the X-axis

20 direction. Head unit 62A constitutes a multiple-lens
(six-lens, in this case) Y linear encoder (hereinafter,
shortly referred to as a VY encoder” or an “encoder” as needed)
70A (refer to FIG. 6) that measures the position in the Y-axis
direction (the Y-position) of wafer stage WST (wafer table

25 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

39Y; described above. In this case, a distance between



be placed as close as possible to the optical axis of projection 10
optical systemPL. As is shown in FIG 3, head unit 62B is equi pped
with a plurality of (seven in this case) X heads 66 that are pl aced
on straight line LV at a predeterm ned distance along the Y-axis
direction. Further, head unit 62D is equiggped with a 15 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?®aEEHadedcdns & rldi-ghtneaperenent keastddeauirpredin head

di st . Head unit 628 titut | tip|e:l -lens, in.
his Case) X 014 0 2B GAGr ChBFbi BAPEGFE SROR: Fr 1 aFbr Tad T Hagtkts

an "X enCOd(%:{ireoc{tia&l t'oefq,[qﬁ%e "le%s fbﬁﬁﬁ?gg%il é%@z ,E Lt:(; ?ée trr?o ell O%ﬂ(:}cq}rot&%t a

measures the position 1 n -axl s PoOsSI

waf er stage WRH{Mmaferytaph enMHY)) UsSiFigrXe3Cal e élg)élplg?lﬁﬁ.itg?%jf Y heads

above. Further, head unit 62D constitutes a 25 nmultiple-lens

(el even-1@ns,64 Rhkhti Sreas)ippdd NeEa6ACHOEMead/ QR CECE 2K 4l BRE, Bhead
that nmeasures the X-position of wafer stage WST (wafer table WB)

usi ng X scal &e8B9X2atedcrirneethetiove £ ixdedr tbehe 1oswdhendndod imentf Haorrel
exanpl e, when alignnment (to be described later) or the like is
performed, twWd Rtheads st ion opiiticefl syveten RLhéhdsbéeneimtacrurate, to
equi pped in head unjt 62D sinultaneously face X scale 39X1 and X

scal e 39X2 rddffedtidfeldf MoFzdenenddséd. ehplepdse BhRekenk k¢hl esaPe to

d X head 66 faci X | e 39X1 titute X |i , 70B,, .
and X scal e RHOTBCAAFESCHEIR BeoT STHALE XOsTH BP38K3 LR Pt g eotion

| i near engod Q0. in,..sone of eleven X heads 66, in this case,
oS, ARt o

t hree are a ed on the | ower surface side of support
nmenmber As is shown in FIG. 3, head unit 62B is eguipped with

a plurality of (seven in this case) X heads 66 that are placed
on straight line LV at a predetermined distance along the
Y-axis direction. Further, head unit 62D is equipped with a

15 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
constitutes a multiple-lens (seven-lens, in this case) X

20 linear encoder (hereinafter, shortly referred to as an “X
encoder” or an “encoaer” zs needed) T0B {refer to FIG. 6} that
measures the position in the X-axis direction {the X-position)
of wafer stage WST (wafer table WTB) using X scale 39¥%;
described above. Further, head unit 62D constitutes a

25 multiple-lens (eleven-lens, in this case) X linear encoder
70D (refer to FIG. 6) that measures the X-position of wafer
stage WST (wafer table WTB) using X scale 39X, descriked above.
Further, in the embodiment, for example, when alignment (to

be described later) or the like is performed, two X heads 66



54 of primary alignnent system AL1. Further, a distance 10 between

adj acent X heads 66 (i.e. neasurenent beans) that are equipped in
each of head units 62B and 62D is set shorter than a width in the
Y-axis direction of X scales 39X1 and 39X2 (to be nore accurate, a

| ength of grid line 37) . Further, X head9 66 |ocated innernost out

of a plurality of X heads 66 that 15 are equi pped in each of head
units 62B and 62D is fixed to the | ower end portion of the barrel of
proj ection orﬁq &t eéféft@émxp‘ee@fi@ 66 HBRE ArBUPALEPPER imdregdeiyit 62D

| t cl leps 1 be pl aged |
25 possl bl e TN SR LY TACRet o oﬁé& for i eaé%%é%t%?ﬁa%f Bty

the X side’ J%f‘"secon ar%ifﬁéﬁ S ﬁﬁﬁ‘éﬁiesﬂ@ﬁ LA ER

64y2 are respegtiyel yoR 12RgRd tuMioge: i el L Ei U0 BES e @Ees@g P,
a straight line parallel to the X-axis that passes thfough

det ecti onscentrel xohep#i 6BIfaZn@k QBHE@t3§X§E@Jms:ﬁ|a;ltu@@dxalﬁﬁ.ea; encoder
substantially symetrically placed with respect to the detection

center. The dist.ance between Y heads 64yl and 64Y2 is set
substantially equal to distance L described previously. Y heads 64yl
and 64y2 face Y sdglzesimosemgndt39iiverspdstgdrelop i Anatkiateasshowhree

in FIG 70 3 where the center of wafer Won wafer stage WST is on
straight |i A%hf%ds @%feaﬁttaﬁﬂ@%ir@mt%épyﬁfﬁmﬁ%%él%s@? FBEHCF hfusper

or the like, scal es, 39Y2 and 39 are pla Y _heads
and 64y?2 respsecﬁ 'y 3Hnd & |stysd$?“t§:ﬁgl ugghgrrotaafiﬁﬁ?rf}{‘(%
ﬁig&er silgoc an ye%dﬁﬁﬁg%ggggﬂ l'1‘£’E':}(“E‘Eﬁead§4?5 y andﬁ%f% bgﬁ g% thaﬁ" FT¢
the enbodi merfqy Wik RASELENQ ATRRAUI @EAL 62B and 62D is set shorter than
a width in the ¥-axis direction of X scales 39¥; and 39%9%, (to
be more accurate, a length of grid line 37). Further, X head
66 located innermost out of a plurality of X heads 66 that
15 are equipped in each of head units 62B and 62D is fixed to
the lower end portion of the barrel of projection optical
system PL (to be more accurate, to the side of nozzle unit
32 enclosing tip lens 191) so as to be placed as close as
possible to the optical axis of projection optical system PL.
20 Moreover, on the -¥X side of secondary alignment system
ALZ2; and on the +X side of secondary alignment system AL2Z24,
Y heads 64y; and 64y; are respectively arranged, whose
detection points are placed on a straight line paralliel 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 38Y, and 39Y; respectively in a state shown in FIG.



of the secondary alignnment systens (to be described later) 10 or the
like is perforned, a pair of reference gratings 52 of CD bar 46 face

Y heads 64yl and 64y2 respectively, and the Y-position of CD bar 46
is neasured at the position of each of reference gratings 52 by Y
heads 64yl and 64y2 facing reference gratdngs 52. In the follow ng
description, 15 encoders that are conposed of Y heads 64yl and 64y2
facing reference gratings 52 respectively are referred to as Y-axis

| i near encodet ¥1POE AR ROy eferater B o wfersprappitdf ienepddrmight

70A to 70F asur osition (nformation of wafer stage WST jn the
respective 2§5§Qﬁ 'ntonzéndﬁhégPWSHE a?eﬁaFé%BI&??cﬁéﬂﬁ?SQQﬁbeé later)

exanpl e, aro . N nd thejr asur,e t _val ues sure

i nf or mati on) Lg;gg%eséﬁéﬁ%}’eg ?%a?r%ls > ConErol {gg?l 26 ° Fﬁggigﬁ??wﬁ%ds
controls th Siatal it hi : | ape 40 e : a

on the neasS?gﬁbﬁ?dsgﬁﬁéspggp%gﬁéggighc%ggréh%gg §8g$gé§ngg§nglgggzgz
control s the feiadidH) idt W& sdhbeChEoN §imdl PRdd 46, Rasedqs0B4thang
measur enent val ues of |inear encoders 70E and 70F. Incidentally, the
configurati or6df, theel i hearceRkeadens and 70hedrkaasd bE baedadd Bak,; and
described later. In exposure apparatus 100 of the enbodi nent, a
position 71 @fsasurenent device that measures position information of
wafer Wn the Z-axis direction is arranged. In the enbodinment, as

the position measurfddheevitcéheasmpedinenh, i wher daseline maAasypEinant
focal positio tection stem (hereinafter, 5 shortly referred to

as a "milti pdit hIASY 1AL NG GUES T | Hehoamitair saed later)

o angedypUin 3, SORIORECL 0L Al el LA%LA) 20 BIBLEN A0 PR By 57 ot
one disclose¢d nhaf s face v heads 64y: and 64y, respectively, and the
Y-position of CD bar 46 is measured at the position of each
of reference gratings 52 by Y heads 64y, and 64y, facing
reference gratings 52. In the following description,
15 encoders that are composed of Y heads 64y; and 64y, facing
reference gratings 52 respectively are referred to as Y-axis
linear encecders 70E and 70F (refer to FIG. 6).
Six linear encoders 70A to 70F measure position
information of wafer stage WST in the respective measurement
20 directions at a resclution of, for example, around 0. 1 nm,
and their measurement values (measurement information) are
supplied to main controller 20. Main controller 20 controls
the position within the XY plane of wafer table WTB based on
the measurement values of linear encoders 70A to 70D, and also
25 controls the rotation in the 6z direction of CD bar 46 based
on the measurement values of linear encoders 70E and 70F.
Incidentally, the configuration of the linear encoders and

the like will be further described later.

In exposure apparatus 100 of the embodiment, a position



exanpl e, Kokai (Japanese Unexam ned Patent Application 10
Publ i cati on) No. 06-283403 (the corresponding U. S. Patent No.
5,448,332) and the like. In the enbodi nent, as an exanpl e,
irradiation system90a is placed on the -Y side of the -X end
portion of head unit 62C and photodetectitn system 90b is placed on
the -Y side of the +X end portion of head unit 62A 15 in a state of
opposing irradiation system 90a. A plurality of detection points of
the nul ti poi MIeAPITeNRMeMTODE Job) BERSWHIST RP BT FoHr Bkt erat Hey of

di st | t he X-axis direct.i 1 th f t tecgted,
hough. ot CEHF ¥ W CHP SR 5> PhFRE et RERSSthe B GPal T3P iment
20 detecti i ; nt t 1 .
arrangenent HeVi T GRS T ov AT o e T 1< 1ot H M 1S 3

detection poit)1Ofphavi NEbdP Sons: 85 NCUums PNdsh mdalfnofedr,
total nunber of detection points) . In FIG 3, the ™plurality of

det ect i on5poi ghsrit Dy Weifeh radded et hoRbEa B Sn2AFSEYSEah! y by kadipitefie
are not individually shown, but are shown as an elongate detection
area (beam aresajiddént hattlexd enslsatrandgdd, Xelakils b reohposeded feen
irradiation system 90a and photodetection system 90b. Since the

| engt h of detettddiatarean systdm 0% axdari shdtedeteohips sesten Aourahd
the same as the 72 dianeter of wafer W position information
(surface positd3drithg M oH)iom sHel Raxis e <t ghisrkorad thp for

T the Ve SRR [GHDhCE ST R r O A SH A o ST oh SRR e 120 5
DL ced, DESNCSHAL LM TGS 06 36514 SR RRESARLAY o SBSSLAE o
AL24) in the of-gxd s35b ¥ egld Qhe thadet egt £ Qo er%@c‘i%éﬁ’@? o érlf'eexample,
mul ti point AF system and the alignnment
irradiation system 90a is placed on the -Y side of the -¥X end
portion of head unit 62C and photodetection system 90b is
placed on the -Y side of the +X end portion of head unit 62A
15 in a state of opposing irradiation system 90a.

A plurality of detection points of the multipoint AF
system (90a, 90b) are placed at a predetermined distance along
the X-axis direction on the surface to be detected, though
omitted in the drawing. In the embodiment, the plurality of

20 detection points are placed, for example, in the matrix
arrangement having one row and M columns (M is a total number
of detection points) or having two rows and 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

25 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 system 90a and

prhotodetection system 90b. Since the length of detection area

AF in the X-axis direction 1is sef to around the same as the



systens can be performed in parallel. The multipoint AF 10 system nmay
al so be arranged on the main frane that holds projection unit PU or
the like, but is to be arranged on the neasurenent franme descri bed
earlier in the enbodinent. Incidentally, the plurality of detection
points are to be placed in one row and MZzolums, or two rows and N
colums, 15 but the nunber(s) of rows and/or colums is/are not

limted to these nunbers. However, in the case the nunber of rows is
two or nore, YV Afonsfier hePRsakienglpEeinahion gBiekGRPosition
poi nts are preferably nmade be different even between the .

11 er ent 1 ovir SOPEOVIE Lt FOSOR 51T 5 TP " deRT TR poiERt bpe e §ase
be pl aced al g - AXi i | ver, t re ted nt i

is not limte t%gﬁgsvf)%a%cﬂa% ﬁt?%%%eds_% O(-Holfyt eanprﬁunrqgﬁﬁfye%:‘ﬁ? 'l The

det ection poiyis, MR MR R IRED ahrefill eESALe POSELELDSH ! rdderir 15
Y-axis direction.” For exanple, the pluralify of detection points may

al so be pbacesl fda G wiberdi riagiiOniddats idi esectlsy bt fudd@irea 1a)
X-axis and the Y-axis. That is, the positions of the plurality of

det ecti on poiand thenkgteatécnoabeadi 6 f ertenta ldtgrimeast siystehe XABX| SALZ2:,
direction. Further, a detection beamis to be irradiated to the
plurality ofRAldetedlionapdi At24)i nin Herenbodiiremirdnition ddthectdegrection
beam 73 nmay also be irradiated to, for exanple, the entire area of

det ection ar €PLELIRAT IRy gt M Hel Rt R bfSeisttash Hrealignnent
the X-axis direction does not have to be nearly the_sane s the

i amet or of VEHSERNY G 0T RSO et PArr R vi P (Y L5APOInt AF
det ect i onnpoOI t ; i

det ecti ogopoiﬂ%er%mgadlnﬁ t]%)egoalt}n Qg;ﬁsr% ggr%eat“ﬁéla]tLH iaﬁs%éri&leno{maet holds
vicinity of hotdyeandPertiony of Pram ALea e 1Q8€0eBENPRLAGOE on the

surface position
measurement frame described 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,
15 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
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
20 are to be placed along the X-axis direction. Howewver, the
present invention is not limited to this, and all of or some
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
25 direction that intersects both of the X-axis and the Y-axis.
That is, the positions of the plurality of detection points
only have to be different at least in the X-axis direction.
Further, a detection beam is to be irradiated to the plurality

of detection points in the embodiment, but a detection beam



sensors for Z position neasurenent (hereinafter, shortly 10 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 the symetri cal

pl acenent with respect to straight line LV. Z sensors 72a to 72d are
fixed to the lower surface of a main frarse (not shown) . As Z
sensors 72a to 72d, a sensor that 15 irradiates a light to wafer
table WIB from abaove, receives the reflected |light and nmeasures

posi tion inf Mtq]tﬁ? e tig 2t ttahl & RTB XSt soe 5% tel"i’éiZ—eaﬂ@a of
[ ght. as an daiRon SEahdfr ;¢ A hEseadtehbe i Pener oty aten
optical 20 piGkyp {gl B@@x1%ﬁ%9gc%§et<@§e§%'gﬂ ggggt&?nm hé% gp@he same

opti cal plckup used vice, 1s uSe

sensors 72a t£ i2d e e grdanggd on the neasurenent  frane
descri bed above or the |ike. Mreover, head unit 62C descri bed

previously is equi gpedhe2ompbdimén®) Lnrralﬂhteyvﬁ&mlegcaf deed el didl points
total, in this case) of Z sensors 74ij (i=1, 2, j=1, 2, 6) that are
placed at a lgredeierm bedhdiestianoetabHing pMmraﬂIEUgﬁﬁ dauaatﬂdnﬂpqmnks
on one side and the other side of straight line LH which runs in

the X-axis didfeéhRonRubhéPesnhett systsrur hptyisi in hoadsiganisy,ofibdth
the straight line LH in between and parallel to straight Line LH

so that Z seﬁé‘&?P?ﬁif—OBﬁ benéeé’iﬂr%eg?n Frione eard @%’éﬁéo?uﬁﬁ?ﬁ:e@ﬁstlﬁéon

th t ht | d.t. h th I.n thi
sensors 741] ST Tk OF elr S A @{'ﬁﬁ?@%%%ﬁse Fieprr Ly
t H |
this cass) ?J?&elneéio@e Sath SFARETL el R s a2
are placed akﬁﬁfﬁ@%ebﬁd Enphhe gfaZ'§egé6§§t72%‘aﬁ§ f?ﬁ*éf%’%?%%ﬂ@ed in

74i ), for exanple,

the symmetrical placement with respect to straight line LV.
Z sensors 72a to 72d are fixed to the lower surface of a main
frame (not shown). As Z sensors 72a to 72d, a sensor that
15 irradiates a light to wafer table WTB from above, receives
the reflected light and measures position information of the
wafer table WTB surface in the Z-axis direction orthogonal
to the XY plane at an irradiation point of the light, as an
example, an optical displacement sensor (sensor by an optical
20 pickup methed), which has the configuration like an optical
pickup used in a CD drive device, is used. Incidentally, 2
sensors 72a to 72d may also be arranged on the measurement

frame described above or the like.
Moreovgr,headunit620describedpreviousLyisequipped
25 with a plurality (six each, twelve in total, in this case)
of Z sensors 74;4 (i=1i, 2, 4=1, 2, +--+-" , ©) that are placed
at a predetermined distance along two straight lines that are

on one side and the other side of straight line LH, which runs

in the X~axis direction and connects a plurality of Y heads



a sensor by an optical pickup nethod simlar to Z sensors 72a 10 to
72d is used. Herein, a distance between Z sensors 741] and 742 in
each pair that are located symmetrically with respect to straight
line LHis set to be the sane distance as a distance between Z
sensors 72a and 72b. Further, a pair of Zrsensors 741,4 and 15 742,4
are located on the sane straight line in the Y-axis direction as Z
sensors 72a and 72b. Further, head unit 62A is equipped with a
plurality of o4t wBt&/e §hf tHiekdde)l e dis ok DEieghand Pagal kpdy to
2, . ... . t.hat e placed symetrically to a pluralijt f.

Z sensors 20 Sfﬁﬁlﬁ]}t[ &nggct £9 tg?ar%?ggﬁtenrsf’ﬁe%ﬂv. Oﬁsoﬁgcsl‘ltliajs%}?(u%&lne
76Pg, a sen Y t4,cal . _pi il r

(o 72d s ueed Are ERefP IS o S, 3Pt ll Blng §oFusRA L Bhen

| ocated on thesaure sthaicghty Lhae,in EQESXZ§X5§UQ%%QCWM%Pnﬂ%ﬁﬂ% a pair
sensors 72c and 72d. Incidentally, Z sensors 74i] and 25 76pq are

arranged at, iy ergd 6 yrintst M1 iy anec orcd S ctimaas wWeimhf rnark LH.
descri bed above. Further, in the enbodinent, the neasurenent system
havi ng Z sensorshiandme, p2draldbiardd (Fbppateasinahiposatedprof Z sensors
information in the Z-axis direction of wafer stage WST using one or
a plurality ofdizapsl 74grigst ¢ Pl uedil tivaet (Sheate 6dcatepipcadsdrtigyadtely
above. Therefore, in the exposure operation, Z sensors 74i% and 76pq
to be used fdm (68 £rdrifedsifehirt - arfts SFitcheteatedriiing fe% example,
novenent of wafer stage WST. Further, in the eXposure 5 opgration, ?

a s 72a

scal e 39Y1 artdS&PSPEaRY TREPF 1&EsBr CHBRqE e S 3t frer 2 S

scal e 39yg ang, at,] east, Qe Z sensor 74ij face each other.
Accordi ngly, the neasurenent system can nmeasure not only position

information in theyl@xins Jidi@dRR between Z sensors 7414 and 74,4 in each

pair that are located symmetrically with respect to straight
line LE is set to be the same distance as a distance between
Z sensors 72a and 72b. Further, a pair of Z sensors 74;,, and
i5 74;,. are located on the same straight line in the Y-axis
direction as Z sensors 72a and 72b.
Further, head unit 62A is equipped with a plurality of
(twelve in this case) Z sensors 76y4 (p=1, 2 and g=1, 2, ++++-" ,
6} that are placed symmetrically tc a plurality of Z sensors
20 7435 with respect to straight line LV. As each Z sensor 76,
a sensor by an optical pickup method similar to Z sensors 72a
to 72d is used. Further, a pair of Z sensors 763,35 and 7633
are located on the same straight line in the Y-axis direction
as Z sensors 72c and 72d. Incidentally, Z sensors 74;; and
25 Tbpq are arranged at, for example, the main frame or the
measurement frame described above. Further, in the
embodiment, the measurement system having Z sensors 72a to
72d, 74;3 and 76pg measures position information in the Z-axis

direction of wafer stage WST using one or a plurality of %



of wafer stage WST but al so position information (rolling) 10 in the
Gy direction of wafer stage WST. Further, in the enbodinent, each Z
sensor of the neasurenent systemis to detect a grating surface (a
formation surface of diffraction gratings), but each Z sensor nmay
al so detect a surface different fromtheygrating surface, for
exanple, a surface 15 of a cover glass that covers the grating
surface. Incidentally, in FIG 3, neasurenent stage MST is omtted
and a |iquid S9E5ion Wk faeg (sl the nep by (Natdgscriperklabeve ¢ he
space between_ neasurement stage MST and ti | ens 191 is denoted by_a
ref erence cod@lﬁ%%‘%ﬁm Héy ,tﬁjfenei‘fP@.suﬁe %Pegape‘?’ér ehSEHS 7éiﬂ€ﬁ’6¥3§m

a | ocal ai r'CtOonq:')et'uOsné gfoslystem t hat ows _dry_ air whose .t enper at

: bl uj.e
is adjusted to a ~pre etermpnoesdlttleonrbé?’eaﬁsiﬁ%eqe Rhaer%isﬁ%ql‘ﬁ? -y é&Tﬂg
th of th |1 1R : ' ex
Elgwnf Ioow ag t|rH'sJ %dn‘é?%éﬁtegf%y%t ié\tzé) r rr@?\,\fg}i %)Gﬁltég&é.e)&gm%ﬁ%eﬁ PR=55 <

referencescoﬁéﬁ@mp}% £ 1| padi B dPasl tieartwWaeke zaswaker 780, face
waf er table B is unloaded, and a reference code LP denotes a

| oadi ng posi tdaorh Witegier a aved ef dcaloaied andwafetetahl endlB. seheokhe 4,
enbodi nment, unl oadi ng position UP and | oading position LP are set
symet ri cal | yfagig leadspedtet o Stccairghindlivne the. me@ sulnegietdénisalsttgm can
unl oadi ng position UP and | oading position LP may be the sanme .
position. FI @e@%%@tt%lmwgﬂdm gofarmahien ¥méheohrasls figteshion

of exposure apparatus 100. The control system,is nmainly 5 confjgured
of main cont rcgqo i Yo e ifuta aﬁn%ﬂcﬂﬂﬁﬁh%} 1R Redr K8 At Ra)

et her {91 LB, S, O 0% UL B o APRRA! Uy SRS e
an external ShMAGe ARV GRich Z sensor of the measurement system is to
detect a grating surface (a formation surface of diffraction
gratings), but each Z sensor may also detect a surface
different from the grating surface, for example, a surface
15 of a cover glass that covers the grating surface.
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 denoted by a reference code 14, Further, in FIG.
20 3, a reference code 78 denotes a local air-conditioning 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 1s indicated by outline arrows in FIG. 3. Further, a
25 reference code UP denotes an unloading position where a wafer
cn wafer table WIB is unloaded, and a reference code LP denotes
& loading position where a wafer is loaded on wafer table WTB.
In the embodiment, unloading position UP and loading position

LP are set symmetrically with respect to straight line LV.



connected to main controller 20. Incidentally, in FIG 6, 10 various
sensors such as uneven illum nance neasuring sensor 94, aerial inmge
measuring instrument 96 and wavefront aberration neasuring

instrument 98 that are arranged at neasurenent stage MST are
collectively shown as a sensor group 99.76l5 In exposure apparatus

100 of the enbodi ment having the configuration described above,

since the placenent of X scales and Y scales on wafer table WB as
descri bed abolECiARNEHELY pluaderfchind oo iffdads URndny headsngsposition LP
descri bed above are enpl oyed, at |east one X head 66 out of a total

of 18 X headé“"’lf‘hg?e b@?r%nﬁgl% R Hes units 62B and 62D faces at | east

either one of X sc 9X1 or,_39X2,. and at | east on ach of Y.hea
e 200 25 {Yyhead
64 that respect i vellyCDEISAIGE F4° AEN o LOWEAL bl 06 0% FORtRddy tem
64y1 d 64 Y 39 i-vel it f. Q|

[ nyanagf f ec%lﬁovfeaéa%?%g&% ge%&sm%' s@5&%&%}:13.%&\%%%%2%%%‘1&
whi ch waf er Zostage-Fbihyes Eohtihe1ali BNy RRE bRes R HGputer

operation, in the enbodinent), as is exenplified in the draw ngs

such as Fl GSox AkcangtaBioRathias, patfdeastowne dachndfrciobresponditige
heads faces at | east three of the four scales. Incidentally, in FIGS.
7A and 7B, thriremisig haCoraeetion theéorwat esparidi hg Jéssodlbes! dbatdr) is
scales are indicated by being circled. Therefore, in the effective
stroke range JFORRMA e st RRNMOMBTS Hdseat bedl aibovternah Tontaes |dgvixe
can control position 5 information (including_rotation_infornmation

in the Oz di ISEHEMHEDICNIITIT FAYer M Hi4thi n 145 IR ESLdNe Wit K 1Mi-giR -
preci si on by vcaon§Ju03| Isi n Oerach tQr. consti tuﬁnrg. s'_;tlagee3 drive , system
124, based on Hesdty & valPles 6f ateFelst tHfedace measuring sensor

94, aerial image measuring instrument 96 and wavefront
aberration measuring instrument 98 that are arranged at
measurement stage MST are collectively shown as a sensor group
99.

15 In exposure apparatus 100 of the embodiment having the
configuration described above, since the placement of X scales
and Y scales on wafer table WTB as described above and the
placement of X heads and Y heads as described above are employed,
at least one X head 66 out of a total of 18 X heads that belong

20 to head units 62B and 62D faces at least either one of X scale
39X, or 39¥%;, and at least one each of Y head 64 that respectively
belongs to head units 62A and 62C or Y heads €4y, and 64y, face
Y scales 39Y; and 39Y; respectively without fail in an effective
stroke range of wafer stage WST (i.e. a range in which wafer

25 stage WST moves for the alignment and the exposure operation,
in the embodiment), as is exemplified in the drawings such
as FIGS. 7Aand 7B. That is, at least one each of corresponding
heads faces at least three of the four scales.

Incidentally, in FIGS. 7A and 7B, the heads that face



encoders in total, which are encoders 70A and 70C, and at |east 10

ei ther one of encoder 70B or 70D. Since the influence of air
fluctuations that the neasurenent values of encoders 70A to 70D
receive is small enough to be ignored when conmparing with the
interferoneter, the short-termstability Bf the nmeasurenent val ues

that is affected by air fluctuations is 15 remarkably better than

that of the interferoneter. Further, when wafer stage WST is driven
in the X-axi stiff FOGLEGPORS NG cBtRtED Pl 3eRIFha s AoRicAtrARY Heing
Y head 64 that asures the position in the Y-axis direction of

waf er stage‘ﬁ@ﬁgﬁi sequentially switched to adjacent Y head 64 as 20

i ndicated by arro and. e2.i 3% . X?'EF) , 64
circled by a soli \(Ij\sthénre S es’wlbg%lté%eet%’ lg%dsgggkgi rc %Oﬁfﬂ%f?%%?iteaoge
line. Therefaigy ddmhageaBboeeSHah dd1e rdEASHYTRAL ¥EhEES]1 ighsition
perfornmed before and after the switching. |In other words, in the

embodi mens, iihfsseiticn peidormaing 25t S &€ hi b Bhati heatls G angl

t he |inkage process of the neasurenent val ues snoothly, a distance

bet ween adj acEmedtidregladst 6/ fichatstame @G0 ppetdinntheadY upl dse 624 laridi gh
62C is set shorter than a width of Y scales 39Y, and 39Y2 in the
X-axis dired@isnisiaxn by destrpbednprestousitor zenskaituzeng shaghaelrive
enbodi ment, since a distance between adjacent X heads 66 that are

equi pped i n He&EFShi <! 6030l ORI EeRhofd Bie s Hah 3t wRRTHE othsee
scal es 39X1 and 39X2 i.n  _th -axis direction as.is de I.bed
previously, WHERT SeIlHSF%JEaa e"‘@é‘lﬁ’?’i %r%lﬁr\‘fé’r“r{%rﬁ ?brg a@iipé’ Freetilspst
as indi cabhed dndh U bENE.BEE0W 10k BLCroBB: 08206, 1bahMBASHESS -
the position’'in the X-axis direction of wafer stage s

sequenti al |y swidahed 4 adiACeNe HebB8adehnkevdludsh8@defboders 70a to

70D receive is small enough to be ignored when comparing with
the interferometer, the short-term stability of the
measurement values that is affected by air fluctuations is
15 remarkably better than that of the interferometer.
Further, when wafer stage WST is driven in the X-axis
direction as indicated by an outline arrow in FIG. 7A, Y head
64 that measures the position in the Y-axis direction of wafer
stage WST is sequentially switched to adjacent Y head 64 as
20 indicated by arrows e; and e; in the drawing. For example,
Y head 64 circled by a solid line is switched to Y head 64
circled by a dotted 1ine. Therefore, a linkage process of the
measurement values is performed before and after the switching.
In other words, in the embodiment, in crder to perform the
25 switching of Y heads 64 and the linkage process of the
measurement values smoothly, a distance between adjacent Y
heads 64 that are equipped in head units 62A and 62C is set
shorter than a width of ¥ scales 39Y; and 39Y,; in the X-axis

direction, as is described previously.



circled by a solid line is switched to X head 66 circled by 10 a
dotted line), and the |linkage process of the neasurenent values is
performed before and after the switching. Next, the configuration of
encoders 70A to 70F, and the Ilike will be described, focusing on Y
encoder 70A that is enlargedly showmn in G 8A as a
representative. FIG 8A 15 shows one Y head 64 of head unit 62A that
irradi ates a detection_ |I|ight (neasurenent beam) to Y scale 39Y1. Y

head 64 is mainly dOHId¥EY of? tHIeSRRAGIRAL: vﬁh‘-lrkf?? Bl sfpnce between
system bac. ARITTSN o 1L Aermraba R PAISE PR FERRCROICE T D and
emts a |lasergiieam LR %h%rq\?r eehLQn . 'Q%h’cﬂ.egfa* sa@afé@%%f)f an@®39%, in

degrees with respect to axi s ‘and axi s exanple

sem conduct orcasers iy d%%éd%fﬁ%ﬂ%%r9%”8e£§9§béé2%9@%16§sl |aﬁﬁgh(¥hfer
the optical path of |aser beam LB emtted from sem conduct or

| aser LD. 5Optdtepde S¥T €8 G40 vieh equipped-wkih aipeteibdads oimdeadRed by
splitter PBS whose separation plane is parallel to an XZ plane, a

pair of refl eoti@rEhning crxsrdRlalardlR biB/) ehsesad 266 arteb i Ziea s s tidie
wavel ength plates (hereinafter, referred to as A /4 79 plates) Wl a
and WPl b, refdetttion rin ridre RexbndRet ko of rveafelkestage WST 1is

Phot odet ection system 64c includes a polarizer anal gzer
phot odet ect orSSHRP IR 1Y ¥ 1thes ¥ edddgserioX hrade 6bé%rﬁ?LBX head 66

o ed {1om S8 Sonduet o lape LD og neLnl on ol ol ail o peat,
beams LB‘S‘:Oan% Itﬁ?tté%?%m&el%l, %’d n&lé)elei%ﬁggaéqségééee% tJ‘f Qd“f%ﬂ' measurement
values is performed before and after the switching.

Next, the configuration of encoders 70A to 70F, and the
like will be described, focusing on Y encoder 70A that is
enlargedly shown in FIG. 8A, as a representative. FIG. 8A

15 shows one Y head 64 of head unit 62A 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
photodetection system 64c.

20 Irradiation system 64a includes a light source that
emits a laser beam LB in a direction inclined at an angel 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
placed on the optical path of laser beam LB emitted from
25 semiconductor laser LD.

Optical system 64b is equipped with a polarization beam
splitter PBS whose separation plane is parallel to an XZ plane,
a palir of reflection mirrors Rla and Rlb, lenses L2s and L2b,

guarter wavelength plates (hereinafter, referred to as A/4



pol ari zati on beam splitter PBS reaches reflective diffraction 10
grating RGthat is formed on Y scale 39Y1, via reflection mrror

Rla, and beam LB2 refl ected off polarization beamsplitter PBS
reaches reflective diffraction grating RGvia reflection mrror R b.
Incidentally, "split by polarization"” inthis case neans the
splitting of an incident beaminto a 15 P-pol arization conponent and
an S-pol arl zatl on conponent. Predeterm ned-order diffracted beans

that are ieradtest) fVRoWR i PRI o rF G P RGO 1% B2a adichtRi%dn 6md
beans LB1 an%B for exanple, the first-order diffracted beans are
severally co Snto a circular polarized |ight 20 by X/ 4 plates

WPl b and WPi a via lﬁl%sﬂ%’c}eh Cttlﬁ)% L2a,te%n%4 ref lc‘?LthF %IEO falr%Czte'rS\gl o

mrrors RR2b and R2a an ass roug ates

and WPl a agai mc&zr&qch a Qg{cﬁ{dcg@gé%peagﬂépgﬂé tef. PBS by traci ng

the sane opti cal path in the reversed direction. 25 Each of the

pol ari zatpon directrons e(?lfcddé& thom, beange rt Mfam M@y enieaehed rom
pol ari zati on beamsplitter PBS is rotated at an angle of 90 degrees

Wi th respect demitdevendurdtgimalastiy €di iien.inchref are, pdier ifdaisitorornsesm
di ffracted beam of beam LBl that was previously transmtted through
pol ari zat i on sedarmteyst iRRSewi80 lePBSLils avfll et epl b oy lcdls Ziaa wprbdarho
splitter PBS and is incident on photodetection system 64c, and al so
the first-ortder PERPE Ldbtay BBam &eapehim EB’ZWE&%G%EI%W%%ﬁ@ﬁ)}'hrough

reflected off pol arizati on beam.s I|tt PBS iis trapsmtt{ed 5 rou
pol ari zati on Jtcirégefg‘%§ géﬁt%%re ﬁEEhY?lddﬁg]

wi th they alrgﬁraom} diffracl J?@he a0t bear, JB1 and | sei Jco?ntrrhlmr

phot odet ect i sys pol arfzation rec?l ONS
two first-orqels, and peam LB2 reflected off polarization beam splitter PBS

reaches reflective diffraction grating RG via reflection
mirror Rlb. Incidentally, “split by peolarization” in this
case means the splitting of an incident beam into a
15 P-polarization component and an S-polarization component.
Predetermined-order diffracted beams that are
generated from diffraction grating RG due to irradiation of
beams LB; and LB;, for example, the first-order diffracted
beams are severally converied into a circular polarized light

20 by A/4 plates WPlb and WPla via lenses L2b and L2a, and
reflected by reflection mirrors R2b and R2a and then the beams
pass through A/4 plates WPib and WPla again and reach
polarization beam splitter PBS by tracing the same optical
path in the reversed direction.

25 Each of the polarization directions of the two beams that
have reached polarization beam splitter PBS is rotated at an
angle of 90 degrees with respect to the original direction.
Therefore, the first-order diffracted beam of beam LB; that

was previously transmitted through polarization beam splitter



diffracted beans descri bed above are uniformy arranged by 10 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 is converted into an
electric signal in accordance with the igttensity of the interference
light. 15 As is obvious fromthe above description, in Y encoder

70A, since the optical _path qug%hs of two beans to be interfered

are extremel ¥&hord F RS el Povostiaafulan tReaefgh. bty PRhend is
i nfluence by air, fluctuations n nostly be ignored. Then, en Y

soal o 30v1 ithet e, E e Tovs S i O e Sy e
direction (the Y:.ax] I rectd in.this se), -t.he .phase of each of
the two beam@%ﬁsaﬁgéeéd%ﬁifuﬁ%%%d; b|en mer?sf;: §/e a%)[\‘ L%Bﬁetllg)an e"'“fafserpernecvelousj‘y

l'ight changes. i s &hange pdiAile H; Eeﬂégﬁyag%ircggri PAET{ £1ENGRmitted

light is detected by photodetection system , and position

informati en i4hZSudic G tances i d) Bdign | S ensidy BRI | Ss Qe SSzed
the nmeasurenent val ue of Y encoder 70A. O her encoders 70B, 70C,

70D and t he ladkecarterataslol worniftlgihed firgilardea ébEddecté@Mean of beam
Meanwhi | e, when wafer stage WST noves in a direction different from

t he Y-axis dilffaceingn igndngideingt ione photiodietiert8on syditescttidon ot her
than the direction to be nmeasured (relative nption in a

non- neasur enent di ré&i-okle P lgeiceiicd drfsrelrnheidisytyad v sfoprgler
39Y1, a neasurenent errqr occurs in.Y encoder 70A due ta the

Celative not i iIRGHRS RSANR CSRHtRG AR S A drmanged by
error ocgurr e w4l ri b I L FLLsS I a l.atiQn

ot veen the | g alaty ¥ IRIHLBHoRSHMNE e oty RLeR, bag i d Ald Hbans

fromtwo returfidigeeams-Blaandb e a b drsplActRMed(& Nel@id Veand

di spl acenent
the interference light is detected by the photodetector and

is converted into an electric signal in accordance with the
intensity of the interference light.

15 As is obvious from the above description, in Y encoder
70A, since the optical path lengths of two beams to be
interfered are extremely short and also are almost equal to
each other, the influence by air fluctuations can mostly be
ignored. Then, when Y scale 39Y; (i.e. wafer stage WST) moves

20 in the measurement direction (the Y-axis direction, in this
case), the phase of each of the two beams changes and thus
the intensity of the interference light changes. This change
in the intensity of the interference light is detected by
photodetection system 64c, and position information in

25 accordance with the intensity change is output as the
measurement value of Y encoder 70A. Other encoders 70B, 70C,
70D and the like are also configured similar to encoder 70A.

Meanwhile, when wafer stage WST moves in a direction

different from the Y-axis direction and a relative motion in



with Y head 64) of Y scales 39Y2 (reflective diffraction grating 10
RG is derived. In FIG 8B, beam LBl reflected off reflection mrror
Ria is incident on reflective diffraction grating RG at an angle of
Sao, and the nath_order diffracted Iight is assunmed to be generated
at an angle of 9al. Then, a returning beamthat is 15 reflected off
reflection mrror R2a and traces the back route is incident on
reflective diffraction grating RG at an angle of 9al. Then, a _

di ffracted | iyRLreStdonephhen diph fherdi epation He Brfheagueed| (gHative
that is generated at, an angle of Sao and roceeds to reflect

mirror Ra byRQre g GhBoBr TEPREECBE bpti EAFLHath 13 IHEETRRIA distaieen

diffracted |i.ght is t order _as the diffracted |.ight
gener ated | n TS BaamshE e die, TIPSR iRe BRelt kot BERRer? Y encoder

reflected of f70'}?fdlu%c¥;505he5r?élra(£rix% RIOitiobng%g?égatn Je&f | et N hanism of

diffraction grating RG 25 at an angle o t he nbt h-order

di ffracted |ights infeganesmadred atran andle-afcdhlilThes diddradedelow.
light is assuned to be reflected off reflection mrror R2b and trace

the same optical patdsit @ff etldr,n 4 calefdiect betwdan athaRlintdnsitthi £ an
case, the intensity "I" of an interference light 82 that is

synt hesi zed firgmuigraratarhigiyt bdms 1BlswrithdsBzatbpbmds tvon weturning
difference in phase (phase difference) p between two returnin%_beans

LBl and LB2 &eamsphénqiied etz dnd posilEPdacementhéa prpt vkt e Gidioladement
is, lccl+cosp., l.n this e,. 4 he intensjties of, twg,returning beans
LB and 182 QHEHLLEAE 65 Offc! BEALP S Balit Shafdr VAL AT BF el 'fo
can theoagti%&blggx%égﬂéé ated in the follow ng equation (7),

t hough the way 't 0 derive phase

In F'IG. 8B, beam LB; reflected off reflection mirror Rla
is incident on reflective diffraction grating RG at an angle
of 0.0, and the n,™-order diffracted light is assumed to be
generated at an angle cof 65;;. Then, a returning beam that is

15 reflected off reflection mirror R2a and traces the back route
is incident on reflective diffraction grating RG at an angle
of B41. Then, a diffracted light is generated again. Herein,
the diffracted light that is generated at an angle of 8,9 and
proceeds to reflection mirror Rla by tracing the original

20 optical path is the n.*"-order diffracted light that is the
same order as the diffracted light generated in the approach
route.

On the other hand, beam 1LB; reflected off reflection
mirror Rlp is incident on reflective diffraction grating RG

25 at an angle of 8y, and the ny*P-order diffracted light is
generated at an angle of 8. This diffracted l1ight is assumed
to be reflected off reflection mirror R2b and trace the same
optical path to return to reflection mirror Rib.

In this case, the intensity “I” of an interference light



difference p in detail is omtted herein. 10 (p = KAL + 4n(nb - na)AY
[ p + 2KAZ (cosebl + cosebo - coseal - coseao) ... (7) In this case,
KAL denotes a phase difference caused by an optical path difference
AL between two returning beans LB1 and LB2, 4Y denotes a

di spl acenent of reflective diffraction 1®8xgrating RGin the +Y
direction, AZ denotes a displacenent of reflective diffraction
grating RGin the +Z direction, p denotes a pitch of a diffraction
grating, and W loisiwiiditiaed ERemMdHG FREYFBRNG RgersokBeagf LB, depends
diffracted |ight described above. 20 Herein, the encoder is assuned
to be configited é%er%:%a%fi ARAihe RIS ALIPRIFFT ) &P SRl RGO

and the Symﬁé{ﬁ&?ﬂfﬁ%ﬁs S%']égl"‘@nBVtheag o %V%q]oq‘ileﬁtqﬁu%:t:i&p r;ﬁeoﬁ%jhtieo%o of

= ebQ Gal uch a casé, a resu € pa esi’s

inthe third [ - i he -equat.i 7
becones zer o,tl?egr#ﬁi{&?%eéés}gon%’ ?%Hn%@ﬁ%g ?\faog%;(%s S slg} %ﬁsggfa(sagrfd the
accordi ngby, idtwndidddonidm tequatkicarnil)y saamberoptaidnes, LpSydR4E to
=2nhY/ (p/4n) ... (9) Fromthe above equation (9), phase difference
(psym does 83e rgjualepsndceanh tdichavavel ength of |light. Herein, two
cases shown in FIGS. 9A and 9B will be considered, as sinple

exanpl es. First, irhase diddeofenEeGp cOA thacoptical laxvs afldiebak st in
coincides with the Z-axis 5 direction (head 64 does not incline) .
Herei n, waf erti& dt ARG LHERIRY (0 bETAE) 4 Way thife drrdbdes phase
di rection (AZ#0,_ AY=0 In this case, since optical, path difference

AL does not enge P 14 4% bh I FSYHEIRATY si de of the

equat i on167) does = KAL + 4m(ny - ny)AY / p
+ 2KAZ (Cc080p1 + Cc080yy — c0sB8,; — cosB8a0) LD
In this case, KAL denotes a phase difference caused by
an optical path difference AL between two returning beams LB;
and LBz, AY denotes a displacement of reflective diffraction

15 grating RG in the +Y direction, AZ denotes a displacement of
reflective diffraction grating RG in the +Z direction, p
denotes a pitch of a diffraction grating, and ny or n; denotes
the diffraction order of each diffracted light described
above.

20 Herein, the encoder is assumed to be configured so as
to satisfy the optical path difference AL=0 and the symmetric
property shown by the fcllowing equation (8).

Qa0 = Ono, Ga1 = Bp1 ... (8)
In such a case, a result in the parenthesis in the third

25 term on the right-hand side of the eguation {7) becomes zero,
and at the same time ny=-n,(=n) is satisfied, and accordingly,
the following equation (9) can be obtained.

Qsyn (AY)=27AY/ (p/4n) ... (9)

From the above equation (9), phase difference Qgmn does



not change. The second term becones zero because of the 10
assunption: AY=0. Then, the third term becones zero, because the
symmetric property in the equation (8) is satisfied. Accordingly,
phase difference cp does not change, .and also the intensity of the
interference |ight does not change. As a gsxonsequence, the

measur enent val ue (count value) of the 15 encoder does not change.
On the other hand, in the case of FIG 9B, the optical axis of head

64 inclines Wah FRERL1OR R RGRIY N BT nclines) . Wafer

t WET i t o be displ dinth - axi ' [ f,
Thia state (Azdo. AEGUAS HETH BT T i o bbb g be
ditference Aldlaesinalq chaNAg e o St of g, the, Tl ghts hand, sigds;
of the equation ( oes not ange. € secon érm becones” zero

because of the, asswmtiom AYRO oHoeyerss the ddiddh tﬂfﬂd@&% stis

beconme zero, because the symmetric property 1n the equation (8) 1

25 not kept diferdexidie (geadi ®@ntoek fdie ihkeadneand HBeeiR| ekl Btage WST
changes in proportion to a Z displacenment AZ. Accordingly, phase

di fference 9 ichapgessdardbasiisswionseftiands 2theisrEasstemmEnNATab e y=0) .
changes. Incidentally, even when head 64 does not incline, the

symmet ri c prdpethysiqaacheségoatamni ¢a8) p84h dist freaterieapALdloe g nptfdrange,
exanpl e, the qgptical characteristics of the head (such as

tel ecentrici thyPS TRt FerReds hrenetihvaltard sdfengéshs ravgtipn Thhtdoes

is, ch teristig inf [ f _the head units that i f act
causi ng meastiSmSTE ST o S8 GFCPRE GREBUBF Gy et fePEaet ol oy

(he 06 DR JEPIa YL PSR, 1S SRECA o SURHARIRE BLET lcauee
the case the symmetric property in the equation (8) is satisfied.
Accordingly, phase difference ¢ does not change, and also the
intensity of the interference light does not change. 2As a
consequence, the measurement value (count value) of the
15 encoder does not change.
On the other hand, in the case of FIG. 9B, the optical
axis of head 64 inclines with respect to the Z-axis (head 64
inclines). Wafer stage WST is assumed to be displaced in the
Z-axis direction from this state (AZz0, AY=0). Alsoc in this
20 case, since optical path difference AL does not change, the
first term on the right-hand side of the equation (7) does
not change. The second term becomes zero because of the
assumption: AY=0. However, the third term does not become
zZzero, because the symmetric property in the egquation (8) is
25 not kept due to the gradient of the head, and the third term
changes in proportion to a Z displacement AZ. Accordingly,
phase difference ¢ changes, and as a consequence, the
measurement value changes. Incidentailly, even when head 64

does not incline, the symmetric property in the equation (8)



waf er stage WST is displaced in a direction perpendicular to 10 the
measurenent direction (Y-axis direction) and to the optical axis
direction (Z-axis direction) (AX#0, AY=0O, AZ=0,), the neasurenent
val ue does not change as far as a direction in which grid |ines of
diffraction grating RG face (a |ongitudigml direction) is orthogonal
to the nmeasurenent 15 direction. In the case the |ongitudinal

direction is not orthogonal to the neasurenent direction, however,

the sensitivig %qts k&@ﬁeﬁi‘é?e*cpratfqrh@xﬁa‘@ﬁetr hibei %pib%%bﬁhwf@r%&iws

th I the f ho n FIGS. 10A t

2071 Do |1 B EBRGISHA Gt e L e re HELGLeY o PIR e fpASuFRBent Yalue
t | d t d t h ad 64

Gbes not 1 nol FiaiEEE G (ot o T el R pForpttata te

direction framd h‘lesaétlﬁhecé Ql’gspa i Q g t@le dhAG nelBirddit errors
measur enent val ue of the encoder does not change 25 because thls I'S

the sane as tde tﬁﬁ%n@fod@x%y%eﬂﬁiﬁbﬂ.b@@saﬁ@’ﬁeonl%'eﬁ(ﬁ yed & 5t a0® the
WST is assuned to rotate around the X-axis fromt state in FIG

10B to go i ntheaisthatte adlsowmtihel npELGallORarbatehisttaseof at iddugddd hend
relative notion between the head and the scale does not occur, that
is, 85 regardi®essilsf- AY=AZ=0, the neasurenent val ue of the encoder

changes since optical path difference AL changes due to the
rotation of wafer é?%&%?eﬁETalTﬁépgﬁsOmﬂﬁéeﬁeé§UFEﬁeﬁ¥a%%Q%r inddig case

i %O ISR OL L0800 KL o8 SLtel o] 51 2%
case, opt ?Lﬁtfﬁe"&éﬁ% Bl AR E R B b st and H R
optical axis direction {Z-axis direction) {A¥X=0, AY=0, AZ=0,),
the measurement value does not change as far as a direction
in which grid lines of diffraction grating RG face (a
longitudinal direction) is orthogonal to the measurement
15 direction. In the case the longitudinal direction is not
orthegeonal to the measurement direction, however, the
sensitivity is generated at the gain that is proportionate
to the angle.
Next, for example, the four cases shown in FIGS. 10A to
20 10D will be considered. First, in the case of FIG. 102, the
optical axis of head 64 coincides with the Z-axis direction
(head 64 does not incline}. Even when wafer stage WST moves
in the +Z direction from this state to go into a state in FIG.
10B, the measurement value of the encoder does not change
25 Dbecause this is the same as the case of FIG. 9A described above.
Next, wafer stage WST is assumed to rotate around the
X-axis from the state in FIG. 10B to go into a state shown
in FiG. 10C. In this case, although the relative motion

between the head and the scale deoces not occur, that is,



waf er stage WST does not rotate. However, because the 10 synmmetric
property in the equation (8) is not kept, phase difference cp

changes due to the Z displacenent AZ by the third termon the

ri ght-hand side of the equation (7). Accordingly, the neasurenent

val ue of the encoder changes. Incidentallgs the nmeasurenent val ue of
the encoder in the case of FIG 10D 15 becones the sane value in the
case of FIG 10A. As a result of the sinulation inplenented by the
inventor andrédrrdliess 9f At Fdundhehaeasheemeasureieat ofatheserofoder
the encoder have the sensitivity with respect to not only the

posi tional cHAMRIDT/ t%%&@élﬁﬁltH@tl?-%&féemm%%tﬁ}loﬁ?lwe@hdze tQ the

the measur emeni. g1 getd o But jplsg e atfltuge change . in Lhe.0c, o,

direction (pi Ing dire on) ~an I'rectifon ~(‘yaw ng

direction),  andbes! desend eddSiLASERRUE RS Whahe LG SHETI Ccinr)
ove, il

property is broken as described ab the neasurenment val ues depe

al so on tbe posiddeaalsedpngestn 25 the Z-axis direction. That is,

the theoretical explanation described above and the result of the
sinul ati on agree. NEutS, wiafetrhetegboW§Treid ,a saaiferl tioonoiraf dswmta od from
for correcting the neasurenent error of each encoder caused by the

rel ative notitere sttatigeineBlc andd ke gealretd @ thet86as morweasur EGerit0D.
direction described above is acquired in the manner described bel ow
a. First of aln thigi pezentordlilcer]l patlrdiisie weiies AStders npgTchangstsigee

it or 1 of omet FTI SE49 A eI 01O 2 GRRF 7 FRVENREY oRBEEE o bAsand
st X e SPRAE Tl oy i e SRETTI T o AR R b
i ndi cated by &%f&c&iéé’tpeghanges due to the Z displacement AZ by the third
termon the right-hand side of the equation (7). Accordingly,
the measurement value of the encoder changes. Incidentally,
the measurement value of the encoder in the case of FIG. 10D
15 becomes the same value in the case of FIG. 10A.

As a result of the simulation implemented by the inventor
and the like, it was found that the measurement values of the
encoder have the sensitivity with respect to not only the
positional change of the scale in the Y-axis direction, which

20 is the measurement direction, but also the attitude change
in the 6x direction (pitching direction) and the 8z direction
(yawing direction), and besides, in the cases such as when
the symmetric property is broken as described above, the
measurement values depend also on the positional change in

25 the Z-axis direction. That is, the theoretical explanation
described above and the result of the simulation agree.

Thus, in the embodiment, correction information for
correcting the measurement error of each encoder caused by

the relative motion of the head and the scale in the



in FIG 11A) AR of Y scale 39Y1 on the upper surface of wafer 10
table WIB, as is shown in FIGS. 11A and 11B. b. Then, based on the
measurenent values of Y interferoneter 16 and Z interferoneters 43A
and 438, main controller 20 drives wafer table WIB (waf er stage W5T)
so that both the rolling amount ey and tdge yaw ng anmount Oz of wafer
15 table WIB (waf er stage WST) becone zero and al so the pitching
amount ex becones a desired value ao (in this case, ao is assuned to
be equal to JUUPTRHSUrAeRy dpgecHion AgSeF 1REAcRPYEDIE RFBULILRMSf b the
stage WST), nmi_n con rolljﬁg (%gél radi ates a detection Ilight fromthe
head 64 desc™BEL aloVEF TN XA of Y scale 20 39Y1, and stores the

nmeasur enment val ue, _whi orre n to phat.oel g6t L.¢._conversi Q
signal fromthe hedd Eﬁl}tsﬁa% %h%gf’ S@%lerll Ve ttr%glreerf ?@c?]é%lv?lsg%? S5 ns‘q;aa ©

internal memgjyp vﬁarﬁ;@ége dPﬁ@@%y%@:etmhﬁmfili'émtd/ﬂﬁﬁ?ﬁhggne\ésurement

interferometer 16 a interferoneters 43A and 43B, nmain 5

control l e 2G/ddnieesofaf erntabierdd dmafer stage MEhondtdhel 25 axid z
direction in a predeterm ned range, for exanple, a range of -100pm

to +100pm as dirstaémih matedick hy 48R and BB of HiG e Al omdiid e sysitetal bé hgind

an attitude of wafer table WIB (wafer stage WST) (the pitching
anount ex=ao,nakgs yahWeag aAvlacatedon te 80st ol sadeanbuntady)t 624
and during the driving, while irradiating a detection light fromthe

Y head 64 desci%ed® MWW A% AR ddIE FPed Mmieing circled
controller 20 gamieqtialLy oo Lhe qegsurensit val e coLleshopdlin,
oce Vel e ok, L8N, M et e seTpld g L erval 5,
changes the pitching aiuMt based on the measurement values of Y
interferometer 16 and Z interferometers 43A and 43B, main
controller 20 drives wafer table WIB (wafer stage WST) so that
both the rolling amount 8y and the vawing amount 8z of wafer
15 table WTB (wafer stage WST) become zero and also the pitching
amount 6x becomes a desired value o¢ (in this case, op is assumed
to be equal to 200prad). After the driving of wafer table WTB
(wafer stage WST), main controller 20 irradiates a detection
light from the head 64 described above to area AR of Y scale
20  39Y;, and stores the measurement value, which corresponds to
a photoelectric conversion signal from the head 64 that has
received the reflected light, in an internal memory.
c. Next, based on the measurement wvalues of Y
interferometer 16 and Z interferometers 43A and 43B, main
25 controller 20 drives wafer table WIB (wafer stage WST) in the
Z-axis direction in a predetermined range, for example, a range
of -100um to +100um as is indicated by an arrow in FIG. 11B

while maintaining an attitude of wafer table WTB (wafer stage

WST) (the pitching amount Ox=0gy, the yawing amount ©z=0, the



of wafer table WIB (wafer stage WST) to (ex=ao-Aa) based on 10 the
measurenent value of Y interferoneter 16. e. Subsequently, the
simlar operation to the operation in the above c. is repeated with
the changed attitude. f. After that, main controller 20 repeats the
operations in the above d. and e. alterngtely, and | oads the
measurenent 15 value of head 64 in a range of the above-described
Z-driving range at Aa(rad) intervals, for exanple, 40prad |ntervals

with respect ¥QL1Hed ramet Pymd bh 0@ ?ﬁ%%ﬁih@h%n%ﬂ%Yl%&rg% ile )
-200 d< <+200 d f t wi t hin

t he przg |ﬁ;(erjn%1f ‘%ﬁ?‘}bjr'ggt%a‘%( #‘u%?/%l%?ee#l%g"tgaf S eklle\t/iarecbc ‘gs%esscb’?lbed
the above b. 49,6 Of & gensi o0l 09&%0!' MRS, %%%%@%%%t pghas a

hori zontal axi's show ng OSI ons an a Ve |ca axl s

encoder neasugd tl\/@iwsloa?d‘éj t%‘“eqﬂm%@fsh%hbén%o%%b' BSrPéQ%oHE?iH Sto a
at which the pitching anount is the sane, and then shifting t

hori zont ab axpisotdelder vt tde@er SXbiS Qid;z&&llﬂbrﬁotlﬁé]aﬁea@d|6@et}€@t has
horizontal line in the center) that connects the plot points at

whi ch the pitichiengreshoing reslected pasges 4hronedhe tdemnited)i sem@l gi@aph
as shown in FIG 12 (a graph that shows variation characteristics of
88 neasur enerttemiajes, ofnd het errodarerl headyn | ineecor Hameoniith  the
Z-l1eveling of the wafer stage) is obtained. The val ue_of each point

in the vertical axi% NﬁXFhem@%%p?r?ntlrr?lﬁieG 29 Changesrksup sheRi ngratunt
of the encoder at ach 05|t| on in the case where the pitching
amount Ox equf &h, (WRdieh S6ROFIPEY 50 A8%Tfes )nebased on

pi t chi ngigmount. n@%sﬁ%é@%&éd%%ftf‘ﬁaﬁ‘éffﬁ{ rﬁree@esyrfé’nsnt error at

each poi nt in the grap 2 as and stores the
table e. Subsequently, the similar operation to the operation

in the above c¢. 1s repeated with the changed attitude.
f. After that, main controller 20 repeats the operations
in the above d. and e. alternately, and loads the measurement
15 wvalue of head 64 in a range of the above-described Z-driving
range at Ao (rad} intervals, for example, 40urad intervals,
with respect to the range in which the pitching amount 6x is
-200prad<@x<+200urad.
g. Next, by plotting the respective data within the
20 internal memory that have been obtained by the processes of
the above b. to e. on a two-dimensional coordinate system that
has a horizontal axis showing Z positions and a vertical axis
showing encoder measurement values, and sequentially
connecting plot points at which the pitching amount is the
25 same, and then shifting the horizontal axis in the vertical
axis direction so that a 1ine (a horizontal line in the center)
that connects the plot points at which the pitching amount
is zero passes through the origin, a graph as shown in FIG.

12 (a graph that shows variation characteristics of



data in a nenory 34 (refer to FIG 6) as a 10
stage-position-attributable-error correction information. O, main
controller 20 assunes the neasurenent error as the nathematical
function of a Z-position z and the pitching anmount Ox, obtains the
mat hemati cal function by conputing undet eg8n ned coefficients using,
for exanple, the 15 | east-squares nethod, and stores the mathemati cal
function as sta osition-attributable-error correction information

in memory 34. me?f"sg% Shha - RShiFolHher SagOgEry 48Sqa) et N sTeRRr YBTCT W th
t d tem th di determ ned. 20

ZI gtggnccral \\//\,ﬁl F%ﬁermm{l N %ﬂ‘? h‘gf %:ﬁr(%ri%l Lo ‘%{agl%f e%"i”n?%‘#f er onet er
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acqui sition has been conpleted 25 as descri bed above) face area AR

(area indecatgssbyidei 1W 16 red €4 e Hd %hel%)lﬂﬁhl\ﬁé%ﬁcﬁn?@\@x Ul o

upper surface of wafer table WIB. i. Then, 'main controller 20

perforns the (@caesseghesi,ninhan ctcmﬁﬂ‘ml}aémw@ d9stihes ¥Heepdi 68ingnthount
stores correction 89 information of Y encoder 70A that is

constituted H3Et BBeY Hewlt g ahle ersmsies BOYILETENh er@enr§t 84chjpoint
Afterward, in th simlar nanner, correction _infornmation of Y

encoder 70A tHath&s HERY iFutds- b&zeééhtépl%d@%ﬁm FAS O FRAdS B4 gt

head unit 62A %nd Y scal e 39Y]% c rr cti on t| on of X encoder
70B that is ¢ %sﬁljtrht%dne%?/r% h Jﬁe%%s ' o I‘Fesdoa unit 62B and X

scal e 39X4, Lo Lctidon { S oLl AN A1 & SRCPAEL, IO AN 1 Seormation.

constituted
Or, main controller 20 assumes the measurement error as the

mathematical function of a Z-position z and the pitching amount
8x, obtains the mathematical function by computing
undetermined coefficients using, for example, the
15 least-squares method, and stores the mathematical function
as stage-position-attributable-error correction information
in memory 34.
h. Next, main controller 20 drives wafer stage WST via
stage drive system 124 in the -X direction a predetermined
20 distance while monitoring the measurement values of X
interferometer 126 of interferometer system 118, and as is
shown in FIG. 13, makes Y head 64 that is located in the second
position from the -X side end of head unit 62A (Y head next
to the Y head 64 of which data acquisition has been completed
25 as described above) face area AR (area indicated by being
circled in FIG. 13) of Y scale 39Y; on the upper surface of
wafer table WTB.
i, Then, main controller 20 performs the processes

similar to the above to the Y head 64, and stores correction



by each of Y heads 64 of head unit 62C and Y scale 39Y2, and 10
correction informati on of X encoder 70D that is constituted by each
of X heads 66 of head unit 62D and X scale 39X2 are respectively
obtained and stored in nenory 34. Herein, it is inportant that
simlarly to the above-described case, when performng the
above-described 15 nmeasurenent using each X head 66 of head unit
62B, the same, area on X scale 39X1 is used; when performng the

above- descr i b’éﬂf?ﬁéﬁ%m%é’tﬁ Yl%‘??fbd%(?IQAYth'éEdl%@oﬁﬁtﬁé&GeGHPY thepE head

the sane are ale 39Y2.is used;, and when performng the
above- descrlg%g stir gnent %%¥%1 i?iﬁ?:@ﬁmaﬁy'ﬁé ‘of head 20 unit 62D,

the sane area on X éﬂfﬁ ds s '@1&& 4 cg{fgélon
i er o J%lnc

of each interfero in erTerone

correction of;bending &f sefd %@%ddaéxswrofaa%gt %Zacaﬂgti%gt@adby each of
reflection surfaces 41a, 41b and 41c) has been conpleted,

attitude of wededisingey Wadanebeoseaicdid anb 6Esiied ﬁtéd:él@eS@il,
any tinme based on the neasurenent values of those interferoneters,

and even if t¢mrEEEﬂEDmedﬁuxmatnon|mdlmhedpodeasmﬁenﬁhatei$cnansknﬂuﬂed
occur anmong the heads due to the inclination of the scale surfaces,
by using the Warkaclpark ibrhotdeath statead 9niFuwwihernd rﬁégfa¢ilil¢|g39&<a.,

heads 64y’ and 64y2, main controller 20 perforns_the above-descri bed
measur enent (RIS THiPR arfs o Iada Gh oFf c§PE§I8sY308nEhaDYLs fontel tuted

orea thel 1o HPSE0s SRRV RR E SlaneRel Wi, 026 a1d\G20ey, oo
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menory 34. by each of X heads 66 of head unit 62D and X scale 39X, are
respectively obtained and stored in memory 34.
Herein, it is important that similarly to the
above-described case, when performing the above-described
15 measurement using each X head 66 of head unit 62B, the same
area on X scale 39¥; is used; when performing the
above-described measurement using each Y head 64 of head unit
62C, the same area on Y scale 39Y, is used; and when performing
the above-described measurement using each X head 66 of head
20 unit 62D, the same area on X scale 39%; is used. This is because
if correction of each interferometer of interferometer system
1i8 (including correction of bending of reflection surfaces
17a and 17b and refiection.surfaces 4la, 41b and 41c) has been
completed, the attitude of wafer stage WST can be set to a
25 desired attitude at any time based on the measurement values
of those interferometers, and even 1if the scale surface is
inclined, measurement errors do not occur among the heads due
to the inclination of the scale surfaces, by using the same

portion of each scale.



Next, in the simlar procedures to the above-described 10 case when
the pitching amount is changed, main controller 20 sequentially
changes the yawi ng anount Oz of wafer stage WST in the range of

-200}i rad<ez<+200prad whil e maintaining both the pitching amount and
the rolling amobunt of wafer stage WST tosxero, and drives wafer

table WIB (wafer stage WST) in the 15 Z-axis direction in a

predeterm ned range, for exanp a ran of -100pmto +100pm at
each position , andHiMafy Fﬂ@aréwg%gea%?ﬁﬂé@tqr&i PgvioBadntGrEItroller

neasur enent val ues of the . heads at predeterm ned sanpling jntervals
and stores t ﬁ’%rg??fﬁslt?ﬂeer ‘?TE(?'% ekﬁfi ‘?\aes&ﬁﬁr?;%% "%?ang the same
performed to al e and each dat thl n.the
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graph si m | arfaginhe! @ephe i 30 Gencprleirs 768t ai red. tTiean Stegies them in
controller 20 assunes the yawing 91 nount 9z, the Z-position, the
nmeasur enent E¥§RT¥At3Pach p0| nt in the obtained graph as t abl e data
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O, main controll elNe}%U aSs SSJtrTfel%é’ﬁ?rc@r?élrﬁe eFPoJFh%SE{E%V@ beScrined
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obt ai ns emat | cal” func VO conpu ndét erm gy -t O

coefficients sdiaidihidOfy AR chie é\ﬁ?ﬁ% SN EDRENQD e @NG age wsT
stores the mat ematlcal function as orre tron rnformation I n nehory
34. in the range of -200prad<8z<+200urad while maintaining both
the pitching amount and the rolling amount of wafer stage WST
to zero, and drives wafer table WIB (wafer stage WST) in the
15 Z-axis direction in a predetermined range, for example, in
a range of -100pm to +100um at each position , and during the
driving, sequentially loads the measurement values of the
heads at predetermined sampling intervals and stores them in
the internal memory. Such measurement is performed to all
20 heads 64 or heads 66, and each data within the internal memory
is plotted on a two-dimensional coordinate system having the
horizontal axis indicating Z-positions and the vertical axis
indicating encoder measurement values in the similar
procedures to those described above, plot points at which the
25 yawing amount is the same are sequentially connected, and the
horizontal axis is shifted so that a line (a horizontal line
in the center) at which the yawing amount is zero passes through

the origin, and thereby a graph similar to the graph in FIG.

12 is obtained. Then, main controller 20 assumes the yawing



Herein, in the case the pitching anount of wafer stage 10 WST is not
zero and al so the yawing nount is not zero, it can be considered

that the neasurenent error of each encoder when wafer stage WST is

| ocated at Z position z is the sinple sum (linear sum) of the
measurenent error in accordance with the gipitching amount descri bed
above and the measurenment error in 15 accordance with the yaw ng
amount. This is because it has been confirned as a result of the
si mul ation t H%Rurtth@Zme5%9r?ermﬁltJé?rrhorch@am%@@mem%m‘aeeqmgﬁr%aa@tmpoznt
val ue) ) Ilnearl cha es n accordance with the change in th
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follow ng descripti fortesaeof s lificgatign of 1th
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yaw ng amount 9z, and the 2 position Z' 0 er sta

a rreasureaentonEa efg s Wi ordSz | an XL SERMA 1 q; éﬂ&ﬁ@ldﬁwm&wtﬁr@
(10), is conputed and stored in nmenory 34. Further, it is assuned

that regar dimegHedwea 4 dedadanet ieadby Xoaptadexky, uAdeBs heiméd caleFficients

function with the rolling anmount ey, the yawi ng anount ez, and the

Z-posi tion z wiingf éorseagepWsT tlratl estedws quarsas ieéhedt, 924 srowes the

Ax, as is expressed in the follow ng equation (11), is conputed and

stored in n‘eﬁ‘i?rt)}'l‘%‘@tlﬁﬁl ffl{lﬁtléﬁ agEprregfionain @25(?3—%1} in menoyy 34.
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the one be considered that the measurement error of each encoder when
wafer stage WST is located at Z position z is the simple sum
(linear sum) of the measurement error in accordance with the
pitching amount described above and the measurement error in

15 accordance with the yawing amount. This is because it has been
confirmed as a result of the simulation that the measurement
error (a count value (measurement value)) linearly changes
in accordance with the change in the Z-position also in the
case where the yawing is changed.

20 In the following description, for the sake of
simplification of the explanation, it is assumed that
regarding the Y heads of each Y encoder, a mathematical
function with the pitching amount 6x, the yawing amount 8z,
and the Z-position z of wafer stage WST that shows a measurement

25 error Ay, as is expressed in the following equation (10), is
computed and stored in memory 34. Further, it is assumed that
regarding the X heads of each X encoder, a mathematical

function with the rolling amount €y, the yawing amount 8z,

and the Z-position z of wafer stage WST that shows a measurement



in FIG 12 that is obtained in the case the yawi ng amount is 10
changed in order to acquire correction information of the Y

encoders. Further, in the above equation (11), "c" denotes a
Z-coordinate of a point where the straight lines intersect in the
graph simlar to the one in FIG 12 that 9 obtained in the case the
rolling anmobunt is changed in order to acquire 15 correction
information of the X encoders, and "d" denotes a Z-coordinate of a
poi nt where tHEXE AirgRE FF@@?W%@@@& thenfohdoyiaghegnatiar tblines

one in FIG 1C2 th %s 0 t i ned, in _the casi the yawi ng anmount is
changed in or aonllpl’} it re O%eoq LB bt mati on of the X

encoders. 20 Incidensall , t ure nt enrar or_,AXx sh t he
degree in which the posi dn oF vva%er rsé:aage aWS'F gr‘%y br?on meg]sv@renent

direction (e.g. thgxex_q;urzectg z)q B ydirection) the Gz,
t'i ony of

direction and the Z-axis d| re he Y encoder or t he
X-encoder 5af fect s tihe theashsesesduassd sre @f0)25 kheddneneoderz-WodME nate
X-encoder, and accordingly, in the follow ng description, the

measur enent erfr &r pRirgr whele theefsrmaddytio lasiess intersect in the graph
stage-position-attributable error, and since the

st age- posi ti it &4G+ Bi-apne &pf oflenahebea ubeton @ hoate ehangewiay where

correction informatiqn Ee correction information 93 is_referred to
as stage- positior et Erbut 4BFE- é??%?se%r%cttheoﬁr.a@hoﬁﬁr&f-;taﬁ to the one
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above, the mMasyRIEN eLreherdf 1hNEnengwdes deseribied Bbove dhdferictes
caused by the attitude
a Z-coordinate of a point where the straight lines intersect
in the graph similar to the one in FIG. 12 that is obtained
in the case the rolling amount is changed in order to acquire
15 correction information of the X encoders, and “d"” denotes a
Z-coordinate of a point where the straight lines intersect
in the graph similar to the one in FIG. 12 that is obtained
in the case the yawing amount is changed in order to acquire
correction information of the X encoders.
20 Incidentally, the measurement error Ay or Ax shows the
degree in which the position of wafer stage WST in a
non-measurement direction (e.g. the 6x direction, or the 6y
direction, the 6z direction and the Z-axis direction) of the
Y encoder or the X-encoder affects the measurement value of
25 the Y encoder or the X-encoder, and accordingly, in the
following description, the measurement error Ay or Ax is
referred to as a stage-position-attributable error, and since

the stage-position-attributable error can be used without

change as correction information, the correction information



of wafer table WIB i s not supposed to occur, but in actual, 10 the
measurenent error of the encoder is not zero even in such a case.
This is because the surfaces of Y scales 39Y1 and 39Y2 and X scal es
39X1 and 39X2 (the surface of second water repellent plate 28b) are
not ideal planes and have sone unevennes%3 Wen there i s unevenness
on the surfaces of the 15 scales (to be nore accurate, the
diffraction grating surface, and in the case the diffraction grating
is covered with L0 HP 2%, St RETHeEOHTA el G LYTressoT s

i ncl uded), even_in er_stage WST noves al ong a pl ane

t he case f
paral | el to_t%%r%aﬁt%ﬁ%n%? ??égé%%?e_surface i s displaced in the
Z-axis 20 directi O@dé&lmglil@vq_% YHEL b%?!eliyl')xe Oc{p%ﬂi 41' %ﬁswo%htESSIQ%ggl of
e encoder V results
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and X scales 39X; and 39X; (the surface of second water
repellent plate 28b) are not ideal planes and have some
unevenness. When there is unevenness on the surfaces of the

15 scales (to be more accurate, the diffraction grating surface,
and in the case the diffraction grating is covered with a cover
glass, the surface of the cover glass is included), even in
the case wafer stage WST moves along a plane paralilel to the
XY plane, the scale surface is displaced in the Z-axis

20 direction (i.e. moves vertically) or inclines with respect
to the head of the encoder. This exactly results in occurrence
of the relative motion between the head and scale in a
non-measurement direction, and such relative motion becomes
a factor of measurement error as is described earlier.

25 Further, as is shown in FIG. 14, for example, in the case
a plurality of heads 66A and 66B measure a plurality of
measurement points P; and P; on the same scale 39X, if the

inclinations of the optical axes of the plurality of heads

66A and 66B are different from each other and the surface of



ot her than the encoder such as the Z sensor described above, 10 but

t he measurement accuracy of the unevenness is defined by the

measur enent resolution of the neasurenent device in such a case.
Therefore, in order to neasure the unevenness with high accuracy,
there is a possibility that a higher-precésion and nore costly

sensor than a sensor that is required for the 15 original purpose
shoul d be used as the Z sensor. Thus, in the enbodi nent, the nethod

in whi ch unevesmess® HrhNafHe RYFSRRSS of LREEudEY ek hinalaker bd ©R% ng

t he encoder s emitself is enployed. Hereinafter, the nmethod wll

bo. desor: bed ABHTRET B EiATe TR L g b ReC ST G eDh A HCHR 8§ L ferent
curve in F hgm@ rg.af i cterjstics of, the .
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encoder head, there exists only one point rec

which is Bot seBIGLIVE. t dcxddditnAREr 8k icraf t wafigini reltRgen¥BTi f ddvadnce
is, a peculiar point at which the neasurenment error of the encoder

is zero regaridl edse dhfflhenicec| that uneveangte of thaf enrshageoNHcad ¢ BIX
respect to the XY plane. Wen this point can be found by noving

waf er stage WSEGI fi¢ &2¢ ylimrined thef eegleand. ading tingyernness of the
stage-position-attributable-error correction informtion described
above, the poiHtr3eE p6sIFa iohy 2E&dit bR Aed BShRY mpasUrpaRnpaigitice

o he encoter_ead, When.the. SRerLon of 21 Lndlng Lhe Pecil 1oy,
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the measurement resclution of the measurement device in such
a case. Therxefore, in order to measure the unevenness with
high accuracy, there is a possibility that a higher-precision
and more costly sensor than a sensor that is required for the

15 original purpose should be used as the 7 sensor.

Thus, in the embodiment, the method in which unevenness
of the surfaces of the scales is measured using the encoder
syStém itself is employed. Hereinafter, the method will be
described.

20 As is shown in the graph (error characteristic curve)
in FIG. 12 that shows wvariation characteristics of the
measurement values of the encoder (head) in accordance with
the Z-leveling of wafer stage WST described above, with respect
to each encoder head, there exists only one point in the Z-axis

25 direction, which is not sensitive to a tilt operation of wafer
stage WST, that is, a peculiar point at which the measurement
error of the encoder is zero regardless of the inclination
angle of wafer stage WST with respect to the XY plane. When

this point can be found by moving wafer stage WST similarly



waf er stage WST via stage drive system 124 while nonitoring 10 the
measurenent values of Y interferoneter 16, X interferoneter 126 and Z
interferonmeters 43A and 43B of interferoneter system 118, and, as is
shown in FIG 15, nmakes an arbitrary Y head of head unit 62A, for
exanple, Y head 64A2 in FIG 15 face theswicinity of the end portion
of Y scale 15 39Y1 on the +Y side. Then, main controller 20 changes
the pitching amount (8x rotation anmount) of wafer stage WST in at

| east two step3d &R tFage pdkiFTRLFHNY HehSi il ar manner to the

above-descri bed manner,, and every ti when the pitchin ampunt i s
changed, nai nStc%%‘?_r%‘F?jeFl%’%%%gb‘ﬁﬁje%je%‘?%rc %%%tjz‘gnv@l'f‘?ﬁﬂ%tlon
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that point in tinme is maintained, and perforns sanplin

nmeasur enest resmiisg ofhe heasth 64ALZM{ encosiers SO g thgt 4 %}ﬁ&a\iity of
e

scal e 39Y1 during the scanning (novenent). Incidentally, t

above- descr i besh samphémy peintperdortied sdule, tite yawipgty amitdndeangd of
the rolling anmount) of wafer stage WST is nmaintained at zero. Then,
mai n cont rol |tEre 2 cd et tiee esedle 96an dharcletainadi ¢ curve (refer

to FIG 12) at the subJjAect measur ement point. of encoder 70A in .
accordance with thel2)zopesreiBalyf fefsr oStakle WEINGAUH rRlsiRacRO0tdrives

cach O Ron A e B30 B2 00 PRSI S
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encoder 70A i, Z6r @ FGOAN A €885 Und N2 interferometers 432 and 43B of
interferometer system 118, and, as is shown in FIG. 15, makes
an arbitrary Y head of head unit 62A, for example, Y head 64,
in FIG. 15 face the vicinity of the end portion of Y scale
15 39Y; on the +Y side. Then, main controller 20 changes the
pitching amount (6x rotation amount) of wafer stage WST in
at least two steps at that position in the similar manner to
the above-described manner, and every time when the pitching
amount is changed, main controller 20 scans (moves) wafer stage
20 WST in a predetermined stroke range in the Z-axis direction
while irradiating a detection light from Y head 645, to a
subject measurement point of Y scale 39Y; in a state where the
attitude of wafer stage WST at that point in time ismaintained,
and performs sampling of measurement results of Y head 64a,
25 (encoder 70A) that faces Y scale 39Y; during the scanning
(movement). Incidentally, the above-described sampling is
performed while the yawing amount {(and the rolling amount)
of wafer stage WST is maintained at zero.

Then, maln controller 20 obtains the error



inclination angle of wafer stage WST with respect to the XY 10 pl ane
as a peculiar point at the subject neasurenent point, and then
obtains Z-position information zl (refer to FIG 16A) of the
peculiar point. (b) Next, main controller 20 perforns step novenent
of wafer stage WST by a predeterm ned digd ance in the +Y direction
15 via stage drive system 124 with the pitching anount and the
rolling anbunt of wafer stage WST mai ntained at zero while

noni tori ng t He #easkeehehic vartes ofefer nterfEr onkt bratiethe subject
interferoneter 126 and Z interferonmeters 43A and 43B of
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this case, p=2) of a peculiar point of enco e position

i s obtaingd, sdnBledtVon Fudad berabayesdesaidedndingNf L8E 45 mes an
main controller 20 obtains Z-position information zp (p=2, 3.

...... , 1. ..interdecting.psntatet@a yiigiala tyluf®£l Doy (6Ff haueibesy of
measurenent points that are set at a predeterm ned distance in the
Y-axi s directdmrartet seal @ QeveDintbyseepeatedt yi perther pbagt at which
operations simlar to the above (b) and (_g%. FIG 16B shows
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and then obtains Z-position information z; (refer to FIG. 16A)
of the peculiar point.

(b} Next, main controller 20 performs step movement of
wafer stage WST by a predetermined distance in the +Y direction
15 via stage drive system 124 with the pitching amount and the
rolling amount of wafer stage WST maintained at zero while
monitoring the measurement values of Y interferometer 16, X
interferometer 126 and Z interferometers 43A and 43B of
interferometer system 118. This step movement is performed
20 at a low speed at a level in which the measurement error of
the interferometers due to air fluctuations can be ignored.
(c) Then, at the position after the step movement,
Z-position information zy (in this case, p=2) of a peculiar
peint of encoder 70A at the position is obtained, similarly
25 to the above-described (a).
After that, main controller 20 obtains Z-position
information z, (p=2, 3, ...... P k, ...... n) at a plurality
(e.g. (n-1) number) of measurement points that are set at a

predetermined distance in the Y-axis direction on Y scale 39Y;



z2. ...... zn of the peculiar point obtained for each of the 10
plurality of neasurenent points. As is shown in FIG 16D, one end of
each two-headed arrow that indicates Z-position ZP of the peculiar

poi nt at each of the nmeasurenment points on Y scale 39Y1 is nade to
coincide with a predeterm ned datumline, 350 that a curved |ine that
connects the other end of each 15 two-headed arrow i ndicates the
surface shape (unevenness) of Y scale 39Y1. Accordingly, nmin

control | er 20PHICRGRE L REFEREITIES OPRARRELBAS AFMY AT ipathgenloees (b)
t he unevennessﬂdb¥ perform ng curve-fitting (the | east squares

appr oxi mat i on% oft he poi nt of the other end of each two-headed

arrow, and 20 storgsidt {idy %rsyzgéasigf%ge&f%%ﬂéyflgn zqeggtaesf%éjicxtlej)ar

Y-coordi nate of wafer stage ne re er onet er

Mai n control I§5i,20 severdl iy ﬁ@ggheém@n@@mt boekinEHNeh! PReZmbARYY
t hat denotes the unevenness of Y scale 39Y2, 25 a nathemati cal

function z=glfegctivdd depoies dde TNy ersesshdts X -ssad £ X Ln Aokt 1 on
mat hemati cal function z=g2(x) that denotes the unevenness of X scale

39X2, and st onesd kemeaul irempoindd .atl ndiedddit ahdysuetienie nod st an
X-coordi nate of wafer stage WST neasured by X interferoneter 126. 98
Her ei n, when obt ai nichg Tihisa enpon charbelber AG obdwive pnefenncesrRyGthe
12) described above at_each measurenent point on each scale, in the
case the errctiichractery stfale e PASSRhPBhZaPREAShPBNEROBRABEORSZ1,
constantly zero regardl ess of 5 the change in Z-position is obtained,
the pitching Zmount- ofr AfafE SELYE IAET BHET SRTEIResy fo $3¢hy @f the

char et gt LA My SOAESRIREeLE ML LESLLEDBTUTE 56 L, one
above, end of each two-headed arrow that indicates Z-position Zp of
the peculiar point at each of the measurement points on Y scale
39Y; is made to coincide with a predetermined datum line, so
that a curved line that connects the other end of each
15 two-headed arrow indicates the surface shape (unevenness) of
¥ scale 39Y;. Accordingly, main controller 20 obtains a
mathematical function z=£;(y) that denotes the unevenness, by
performing curve-fitting (the least squares approximation)
of the point of the other end of each two-headed arrow, and
20 stores it in memory 34. Incidentally, “y” denotes a
Y-coordinate of wafer stage WST measured by Y interferometer
le6.
(e) Main controller 20 severally cbtains a mathematical
function z=£;,(y) that denotes the unevenness of Y scale 39Y,,
25 a mathematical function z=g;(x) that denotes the unevenness
of X scale 39X;, and a mathematical function z=g;{x) that
denotes the unevenness of X scale 39X,, and stores them in
memory 34. Incidentally, “x” denotes an X~coordinate of wafer

stage WST measured by X interferometer 126.



information on inclination at each nmeasurenent point nay al so 10 be
obtained in addition to information on height of the scale surface.

By doing so, the fitting with higher accuracy can be perforned on

the curve-fitting described above. In the neantine, the scale of the
encoder |acks nechanical long-termstabidgty for the reasons such as
15 deformation of a diffraction grating due to thermal expansion and
the like with Iapse of the operating time, or partial or entire
change in the pitcHofemdiviamebtedngmat thg. erThereharacterheeicheurve
error included ip the neasurenment value. of the encoder becones
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placed with respect to straight line LV described above, and act ual
measur enent axefe 0k t¥ge MSEWhenoset £1n iy ¢biiBCE oo MchB ratrairglt iki derve
LV parallel to the Y-axis direction that passes through the optica
axis of 99 poiestporddpid eal isystieatPbhn Jheuef orfe thé bErnbéef suofeterat
16 can neasure the Y-position of wafer table WB w thout Abbe

errors. Sini|E¢ yreqpasemenentobelans AREPaHAET2 dre they mesthdd gboye,
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surface. By doing so, the fitting with higher accuracy can
be performed on the curve-fitting described above.

In the meantime, the scale of the encoder lacks
mechanical long-term stability for the reasons such as

15 deformation of a diffraction grating due to thermal expansion
and the like with lapse of the operating time, or partial or
entire change in the pitch of a diffraction grating.
Therefore, since the error included in the measurement value
of the encoder becomes larger with lapse of the operating time,

20 the error needs to be corrected. In the following description,
an acquisition operation of acquiring correction information
of grating pitch and correction information of grating
deformation of a scale performed in exposure apparatus 100
in the embodiment will be explained based on FIG. 17.

25 In FIG. 17, measurement beams B4; and B4, are
symmetrically placed with respect to straight line LV
described above, and actual measurement axes of Y
interferometer 16 coincide with straight line LV parailel to

the Y-axis direction that passes through the optical axis of



126 can neasure the X-position of wafer table WIB wi t hout Abbe 10
errors. First, an acquisition operation of acquiring correction
information of deformation of grid lines (warp of grid lines) of the
X scale and correction information of grating pitch of the Y scale

wi |l be explained. Herein, reflection surdaace 15 17b is assuned to

be an ideal plane, for the sake of sinplification of the description.
Further, it is assumed that prior to the acquisition operation, the
above- descr i BEP] SRdasUr éﬁﬁﬁ?agfsiﬁfe@l@ﬁﬁesﬁh%‘?%f%ﬁ dninterferguetatd o
of each scale has been pﬁ%or med, . and the mat hematical function 20
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menory 34 into the internal nmenory. 100 Next, main controller 20
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+Y direction and -Y direction, as is indicated by arrows F and F' in
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5 a | ow spee a level in ich short-termfluctuatjon of the

measur enment a%%&aafm%??ﬁ%%%ﬁ%?%?‘ti%néﬁﬁnwﬁgeffg‘?ﬂﬁﬂe%WgﬁdWlW‘P‘ﬁtﬁlPé’e
measur engpt vq_,lruersof X interferometer 126 being fixed to a

predet erm ned Val'g€, in a state where all the pi t chi ng

FPirst, an acquisition operation of acquiring correction
information of deformation of grid lines (warp of grid lines)
of the X scale and correction information of grating pitch
of the Y scale will be explained. Herein, reflection surface

15 17b is assumed To be an ideal plane, for the sake of
simplification of the description. Further, it is assumed
that prior to the acquisition operation, the above-described
measurement of unevenness information of the surface of each
scale has been performed, and the mathematical function

20 z=i;(y) that denotes the unevenness of Y scale 39Y;, the
mathematical function z=f,(y) that denotes the unevenness of
Y scale 39Y;, the mathematical function z=g;(x) that denotes
the unevenness of X scale 39X;, and the mathematical function
z=g: (%) that denotes the unevenness of X scale 39¥; have been

25 stored in memory 34.

First of all, main controller 20 reads the mathematical
function z=f;(y), the mathematical function z=£f;(y), the
mathematical function z=g;(x) and the mathematical function

z=gz (x) stored in memory 34 into the internal memory.



anount, the rolling anount and the yawi ng anount are maintained 10 at
zero based on the nmeasurenent values of Y interferoneter 16 and Z
interferonmeters 43A and 43B. During the novenent, while correcting

t he neasurenent val ues (outputs) of Y linear encoders 70A and 70C
usi ng the mat hemati cal functions z=f1(y) 10and z=f2(y) respectively,
main controller 20 | oads the 15 nmeasurenent val ues after the
correction and the neasurenent values of Y interferoneter 16 (to be

more accurate, the NSfgasFeieforAUS 0 Q@Wlﬁseﬁ@ﬁe%e%ﬁ?ﬁ Tndor

B42) at predeterm ned sanpljng.intervals and o] Iatlon

bet ween t he rree}%ta'lsmreen‘enjtnvr? agsﬁ‘ P9 Cﬁialaér e‘ff’ac Aafar?gl nd
(the neasure orr.espan by

assi gni ng thgggh%é%% cgéng%dgg g%%??%g?ﬁé¥ﬁ§#ﬁxﬁ§%lcaﬁg Fun%?lz%g L7

f1(y), and thﬁ.mbﬂwfé@iﬂﬁé CRIFSEPONH Y ded @ 1 0 Y- SBIAINEH at

by assigning the output of encoder 70C to the mathenmati cal functi-on

f2(y)) and the leeaspeedent avakwes oOh Wwhidth ishicentf-erafetetctGatIbatof She
in this manner, main controller 20 obtains the grating pitch (a

di st ance betwm&&sumﬁm&nﬂnvqﬁuajoﬂ Yneskreofe¥Yopeakbesl89¥4dn drel 39¥2rddhand
are sequentially aced facing head units 62A and 62C according to

t he movenent "¥th @@ﬁéﬁte%wg@nwvaéﬁ@ e et e vheramet patlizénbeing Haxed
grating 101 itch. é% the .correction information of the gratlng

pitch, for P& e Hﬁ‘ &P that Shohe WP A+t rFktfetR/@éW

both th I d | h
ot e MRS BRI, By S LOZ LR A8 S maineainee

i nterferoget el and Apuell 6al (AXi f.L00LEALAS $he, DBASHNEMENL, » Al

of the encoders (the neasurenent va%ues in mhlcﬁ g% error cause y
the unevennesss @fhdt helﬁﬁakgebéﬁe@@% 4:925 ratd ede.,  Bhrifg tiK kRN,

obt ai ned. The neasurenent val ues of

while correctlng'the:measurement values (outputs) of Y linear
encoders 70A and 70C using the mathematical functions z=£;(y)
and z=£f,(y) respectively, main controller 20 loads the

15 measurement values after the correction and the measurement
values of Y interferometer 16 (to be more accurate, the
measurement values of measurement beams B4, and B4,) at
predetermined sampling intervals, and obtains a relation
between the measurement values of Y linear encoders 70A and

20 70C (the measurement value corresponding to a value obtained
by assigning the output of encoder 70A to the mathematical
function £i1(y), and the measurement value corresponding to a
value obtained by assigning the output of encoder 70C to the
mathematical function f£;(y)) and the measurement values of ¥

25 interferometer 16. That is, in this manner, main controller
20 obtains the grating pitch {(a distance between adjacent grid
lines) of Y scales 39Y; and 39Y, that are sequentially placed

facing head units 62A and 62C according to the movement of

wafer stage WST, and correction information of the grating



interferoneter 16 in this case are obtai ned when scanni ng wafer 10
stage WST at the extrenely | ow speed descri bed above, and therefore,
it can be thought that the nmeasurenent values are accurate values in
whi ch error can be ignored, because not only a long-termfluctuation
error but also a short-term fluctuationlecror caused by air
fluctuations or the like are 15 hardly included in the measurenent

val ues. Further, during the above-descri bed novenent of wafer stage
WST, main coRY'etlter 220 ther Ferkechisnainservariopr ok elsli riratgiy pitch,

exanpl e, averagin or. perform ng wei ghted,  averaging of). the

reashr erent VARG AL 1 LGRS SORURaR FY2B0c B X haBie GO tHgen
units 62B an t tiall pl aced. facing X scal.es 39X1
and 39X2 (t hgooanégs%%n%%&é%ﬁ%se@ %a'rall}gﬁ iMear encot ep%nfo§nant e7(ﬁﬁ)se &

according to {die; ST i s t a4 aby: & S&;@Qﬁ@ééﬁf&%&ﬁ;\f& UObE the

information of deformation (warp) of grid lines hat have
sequenti abl y fracedrdisnadbe Planehi+orofca Reads 1664 calks t1Be hRGAISRMment

the sane blurring pattern should repeatedly appear in the process
where wafer -wlags WET the epveders t(hbeetMedsueemenn valtde irY which the
direction in the case reflection surface 17b is an ideal plane, and

t heref ore, coETrx consedfky rheiwrewinmeoridtioncihar®s beetDrapdiced) ,
l'ines 37 that have sequentially faced the plurality of X heads 66

can be accur &%elrobtiihetEbyPavhayiRe « héhemBgagressentdyedues of Y

nci dent al |y, DTS HE AR 4608 FBTF SEReomEe QP aLEeT Ao SoRBPLRd Hates
oM R T e B R O R R I S R
Then, on noverRile AfrMaH8r can be thought that the measurement values are
accurate values in which error can be ignored, because not
only a long-term fluctuation error but also a short-term
fluctuation error caused by air fluctuations or the like are
15 hardly included in the measurement values.

Further, during the above-described movement of wafer
stage WST, main controller 20 performs a statistical
processing, for example, averaging (or performing weighted
averaging of) the measurement values obtained from a plurality

20 of X heads 66 of head units 62B and 62D that are seguentially
placed facing X scales 39X; and 39X, (the measurement values
of X linear encoders 70B and 70D) according to the movement,
thereby also obtaining correction information of deformation
(warp) of grid lines 37 that have sequentially faced the

25 plurality of X heads 66. This is because the same blurring
pattern should repeatedly appear in the process where wafer
stage WST is moved in the +Y direction or the -Y direction

in the case reflection surface 17b is an ideal plane, and

therefore, correction information of deformation (warp) of



stage WST in the +Y direction or the -Y direction, wafer stage 10 WST
may accurately be noved in the Y-axis direction by noving 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 nmeasurenent value ab2 X interferoneter 126 to a
predeterm ned val ue. Thus, 15 correction information of grating pitch

of the Y-scales, and correction_information of deformation (warp),
grid lines Sgich%rf“B“ee%& hithéd PRVEnESHRBTABAREr TaSedckhe i DT 3é of

I nci d Iy, dat J i t f X.h
< plurar daih BT he basts B “%%fi%yaqk%a%rﬁﬁ o TRt the
f 17b, 6
of the sare g“%r.%f?&ﬁ. g aarﬂ%h PRRER PPl H ERa LT NIk PRaRVF®) or

effect that tHes rpﬂ@l.ual error after warp correctlon of the
reflection surface is averaged to be approximate to the true val ue

by the averagi ng desarideet=boye ia5tasdidiel ldake eflethebnWor #5acé ek
i nfluence of the warp residual error can be reduced by averaging the
neasur enent diat anwearp ided brpkdnen die gmavdnmess 3{eradtiopu i edlf byhd he
plurality of X heads 66). Next, an acquisition operation of

acquiring corfefohs Bl o Bus s nea g Direkfaordetooreofigr idkta ek the

(warp of g“SP 1'&§¥1es) of the Y scale and correction information of
grating pitc inthe X EQIQGH 1 BEVABSEr i bERSN He?RIPRVERE D R QT ot fer

surface 172 Lo apAn (9.0, ) 822l PO T chfie sake of B ctae
e oy B R FaEcb e AOE UL SR Sy et PRI U D Sovsn
control | er ZQEHQ%E%tW%%@WS@Qﬁg%ﬁﬂﬁl¥ d9Fection 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 a predetermined wvalue. Thus,
15 correction information of grating pitch of the Y-scales and
correction information of deformation (warp) of grid lines
37 can be obtained in the same manner as described above.
Incidentally, measurement data acquired by a plurality of X
heads 66 is plural data on the basis of different areas on
20 reflection surface 17b, and each of the X heads 66 measures
deformation (warp) of the same grid line, and therefore, there
is also an incidental effect that the residual error after
warp correction of the reflection surface is averaged to be
approximate to the true value by the averaging described above
25 andthe like (in other words, the influence of the warp residual
error can be reduced by averaging the measurement data (warp
information of grid lines 37) acquired by the plurality of

X heads 66).

Next, an acquisition operation of acquiring correction



exanple, in at |least one direction of the +X direction and 10 -X
direction within the effective stroke range described above, at a | ow
speed at a level in which short-termfluctuation of the neasurenent
value of X interferonmeter 126 can be ignored and with the
measurenent value of Y interferoneter 161b8ing fixed to a
predeterm ned value, in a state where all the 15 pitching amount, the
rolling anpunt nd t he anount are_ nmaintained at zero based on
ST

t he neasurenéH% e o AFBRF&PBRE G 1t 61195 iR Sfofeidrl iEes)
d Z terf nd, 43B. j th t,_while

ggrreclt Pngrtﬁég%;r%eegg{sjrsen%n? av%cliu e o1¢ s rferr’i’f %%%sd%ﬁlaawgﬂﬁﬁmh

using the 20 tt@l nﬁtgegis e h4NGt QNS 29 ﬁéﬁ a%:@g,%é%&@?f%'g{ﬁlfyace

mai n control er 20 | t he nmeasur emne val U€es a

correction ang7d hes neasueIerd yal aes: @fa X M&r?éfef@ﬁeéz?é e S

predeterm ned sanpling intervals, and obtains a relation between the

measur eneft Vﬁlmmﬁfc@tiemwue@@iﬁiﬂfﬁpm%rﬁndI?x&ﬂﬂ@dats*ee the process
measur enent val ue corresponding to a val ue obtained by assigning the

out put of encourr rEGElst got he went frzmeed ciad theunorirentgbhxdesantbehebove
measur enent val ue corresponding to a value obtained by assigning the

out put of enctder theDXraxihedl heehkomEncal ~punst dbregR{x) )irtmr atinged.
measur enent val ues of X,104 interferometer_ 126. That is, in this

manner, main contrdiNddy lSzomabPa??]%t¥<P.Jel%¥a%q mevsist WRLex arapantel, for
bet dj d. | f. X 9.X 9X2

sgq\ggﬁ?l :I JI scg‘gmﬂ 3 fac:anncgieagc}: Lﬁﬂs%cg %%f'r?d-‘ %@E%og{i'ﬁgtet%ut% and
novenent  gf 5—}¥‘@£§éc§58ﬂ%1\% in 204, ec%rceﬂ\}é)gtkgfcgrmgql,eogeggraggd above,

grating pitch. the correctionin mat i on of the
for exanple, = eonbﬁcgp@@dne@ 4 NatyShaws, a1 ER 8hé PP bekween,c ot dhe ¢

measur enent val ues in curved line in the case a

the measurement value of X interferometer 126 can be ignored
and with the measurement value of Y interferometer 16 being
fixed to a predetermined value, in a state where all the

15 pitching amount, the rolling amount and the yawing amount are
maintained at zero based on the measurement values of X
interferometer 126, ¥ interferometer 16 and Z interferometers
43A and 43B. During the movement, while correcting the
measurement values of X linear encoders 70B and 70D using the

20 mathematical functions z=g;(x) and z=g,(x) respectively, main
controller 20 loads the measurement values after the
correction and the measurement values of X interferometer 126
at predetermined sampling intervals, and obtains a relation
between the measurement values of X linear encoders 70B and

25 70D (the measurement value corresponding to a value obtained
by assigning the output of encoder 70B to the mathematical
function g: (%}, and the measurement value corresponding to a

value obtained by assigning the output of encoder 70D to the

mathematical function g;(x)) and the measurement values of X



hori zontal axis indicates the measurenent val ue of the 10
interferoneter and a vertical axis indicates the neasurenent val ues

of the encoders, or the |like can be obtained. The neasurenent val ues
of X interferoneter 126 in this case are obtained when scanni ng

waf er stage WST at the extrenely |ow speed descri bed above, and
therefore, it can be thought that 15 the neasurenent val ues are
accurate values in_which error can be ignored, because not only a

| ong-ter m f | UdthRET PR R 1260t BhEk Jasrsﬁar‘%he%mwe;oﬂaewcﬁw&wler
caused by air ctuatjons or ,the |jke ar hardlg included . in th

nmeasur enent ?\,Oapbggln%t%,gtrﬁg,lngd%ﬁﬁ Ehet aboves PerMsssead %9@%&“51
of wafer st aigﬁ'le T’oﬁrﬁ' chfgyé)é)kern%%@f#ﬁ:%y{sareségc&? ntlc’;lil laced

processi ng, for averagimg (or per?ormng wei 46119

of) the rreaswaeaae&g @A&%p@g aned; {4 o a%gleﬂﬁ@/ tcpf \é Wﬁéﬁne% of

of head units 62A and 62C that are sequentially 25 placed facin

scal es 39¥1 antk39Gt {dhaidEasiicemitir &l Uuas 1r€ﬁor¥nd‘dﬂﬁﬂro@ﬂﬂ'@@&%tlng
70A and 70C) according to the movenent, thereby also obtaining

correction i nfidratat i &z ahedeborsation 1(1ﬁarqnaat!b6ng®f dche nesa 3ifhg haittch,
have sequentially faced the plurality of Y heads 64. This is because
the sanme bl urfdm@xE0® lpatt eorrsieddion mepeahet| yhappearréaitimn between

process where wafer stage WST is noved in the +X direction or the -
direction iRPtHe MUY Witz e idag 9 dhe Cé\ﬁ? a

t her ef t f ti f def t f 5
[ines 38 & ha%rc{é%érg%q]h%f?{sﬁ o TSR LU o8 B o

gggweregfg %Tt{]eéé/pﬁ ura f%\ga% %Hg%ai %%lsﬁgaﬁl %g-ggttgg%asurement

values of the encoders, or the like can be obtained. The

measurement values of X interferometer 126 in this case are
obtained when scanning wafer stage WST at the extremely low
speed described above, and therefore, it can be thought that

15 the measurement values are accurate values in which error can
be ignored, because not only a long-term fluctuation error
but also a short-term fluctuation error caused by air
fluctuations or the like are hardly included in the measurement
values.

20 Further, during the above-described movement of wafer
stage WST, main controller 20 performs a statistical
processing, for example, averaging (or performing weighted
averaging of) the measurement values obtained froma plurality
of Y heads 64 of head units 622 and 62C that are sequentially

25 placed facing Y scales 39Y; and 39Y, (the measurement values
of Y linear encoders 70A and 70C) according to the movement,
thereby also obtaining correction information of deformation
(warp) of grid lines 38 that have sequentially faced the

plurality of Y heads 64. This is because the same blurring



Incidentally, in the usual case reflection surface 17a 10 is not an
i deal plane, the unevenness (bending) of the reflection surface is
nmeasured and correction data of the bending is obtained in advance.
Then, on novenent of wafer stage WST in the +X direction or the -X
direction, wafer stage WST may accur at elipsbe noved in the X-axis
direction by noving 15 wafer stage WST in the +X direction or the -X
direction while controlling the Y-position of wafer stage WST based
on the corr &3 FbRratOVHE P aited] kianpadte ite 4b6r pREAESTaVerofwaler
redet ermj ned val ue. Thus, correction

interferoneter_ 16 t ) ,

: nf or mat i on o?t%?%trﬁ%ﬁ g‘f‘tlﬁ‘ﬁv%ﬁl thethe sEhI ISR o P or e ctf ghtrection
informati on o roation [ of grid lines .38, which are the
Lane as those{%ggﬁgigg%ea %é%gcg% o patt %?%iﬁgﬁ.l%sa?sl%%i%r?ﬁﬁ r and

above, main cOrOLbEL, 20oPPLALNS, SOFOARLL LR, OF GGIRLLAL: Oln O[ALLOD of

pitch of the Y scales and 5 correctron informati on o

(war p) of sgrighdd mesnay 381 L0M:06! seRukREIETAL @R-8H FrathNGrPILIEY of
of the X scales and correction information of deformation (warp) o
grid lines 3B kdadactspradeperataetatéy ngotd Dic@Xappheeradity the
respect to the head wafer of each lot, or the like. 106 Then,

during the priozassrefient |datapraade Hedkey tbhelmleoriecy iol Yt heads 64, or
nmeasur enent val ues obtained fromhead units 62A and 62C (i.e. the
nmeasur enent Vl®iesi %% - encoders 70A and 70C) based on the correction

information of gratjng pitch and. 5 the correction informtion of
def or mati on (war p) iﬁéQQEQFQ']d@sln3§ SNk RS retlection surface 17a

St age-Pogyt| AL L1 B L or LI 91e COLLECIAR pSLEUTBLIGIAL o e
yaw ng amount, 8z iy W 65, SEA08 V8Td@lred and correction data of the
bending is obtained in advance. Then, on movement of wafer
stage WST in the +X direction or the -X direction, wafer stage
WST may accurately be moved in the X-axis direction by moving
15 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 wvalue of
Y interferometer 16 to z predetermined value. Thus,
correction information of grating pitch of the X-scales and
20 correction information of deformation (warp) of grid lines
38, which are the same as those described above, can be
obtained.
As is described above, main controller 20 cbtains
correction information of grating pitch of the Y scales and
25 correction information of deformation (warp) of grid lines
37, and correction inforfnation of grating pitch of the X scales
and correction information of deformation (warp) of grid lines
38 at each predetermined timing, fof example, with respect

to the head wafer of each lot, or the like.



are neasured by interferoneter system 118, main controller 10 20
perfornms novenment control of wafer stage WST in the Y-axis direction
using Y scales 39Y1 and 39Y2 and head units 62A and 62C, that is, Y

| i near encoders 70A and 70C. Wth this operation, it becones

possi ble to perform novenment control of 1oafer stage WST in the

Y-axis direction with high accuracy 15 using Y |inear encoders 70A

and 70C wi thout being affected by change over tine in grati n.(%‘E pitch
of the Y scal es and'Witp GOfiacdMYrREITREY 19he) kohsty thig ngl ke wnile

scal es, and wi t hout  bei affected by the change in the_ position of,
waf er stage BT TNCHIR- %s‘ﬁ‘?%%‘é‘?ﬁm%‘%/? B 13 ‘%f“l"f%”l‘%‘il aﬁf% BRAG oHrits
20 between th ead t.he scale in the non- neasure t

G oot one) R g B (R e RS R e R B nppgrs 0B end
correcting t t I aj.n g i . .
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the corregti ofhé abereriiion Of r@Fad 1dh Brtgdr skt ihe (%@&Em‘éf @Rid lines
i nformation of deformation (warp) of grid lines 37 and based on

st age- posi t i 038 antr bbstaklreseangyerpoottechi-antribhioanBe-eproR correction
accordance with the Z position z, the rolling anount 8y and the

yawi ng anountimgfonfawedmrinstagerwdicehatti @he arpostaison ed bge pitching
interferoneter system 118, main controller 20 perfornms novenent
control of wATBPURE Kje BT the 1y degamouni; @zt brvakshebags AIXE that
39X1 and 39X2 and head units 62B and 62D, that is, | i near encoders
70B and 70D. 3%% H“‘??ﬁ%r%gokb%rjéﬁ - €5 QG To S gt st 1 e T e Aor iR L Ler

oV 16014 e, 08 52815 ST L0t e 0l 3 S 60 AT -
3\;:" SCt ed by cf:ﬂaéwl,ei&\”?fsitﬂdﬁ'% kRa9Lat 888, RiLRo9f INEen¥-5Cahessa8¥n and
62C, that is, Y linear encoders 702 and 70C. With this
operation, it becomes possible to perform movement control
of wafer stage WST in the Y-axis direction with high accuracy
15 using Y linear encoders 70A and 70C without being affected
by change over time in grating pitch of the Y scales and warp
of each grating (line) constituting the Y scales, and without
being affected by the change in the position of wafer stage
WST in non-measurement directions (the relative motion
20 between the head and the scale in the non-measurement
directions).
Further, during the process of a lot or the like, while
correcting the measurement values obtained from head units
628 and 62D (i.e. the measurement values of encoders 70B and
25 70D) based on the correction information of grating pitch and
the correction information of deformation (warp) of grid lines
37 and based on stage-position-attributable-error correction

information in accordance with the Z position z, the relling

amount Oy and the yawing amount 0z of wafer stage WST that



of each grating (line) constituting the X scales, and w thout 10

being affected by the change in the position of wafer stage WST in
non- measur enent directions (the relative notion between the head and
the scale in the non-neasurenent directions). Incidentally, in the
description above, correction 15 informapron of grating pitch and
grid line warp is to be acquired for both of the Y scales and the X
scal es. However, the present inventionis not limted to this, and
correctlon | 3D IHRA T SrEDFOY r bt § $HL S IRAT S B YFEAN | 1 Hy e regntzoller

acquired r.eith ne of the Y scales or the X scales, oqr the
correction 202‘?e SoMCBPMERE e el S YPARENSE 9% éWTofmgW%%.ws

ar oy e LB S s BOLNSLRE Y 260! a8 20yt e X 268l 811 E%p ang

exarrple Int ecaseo rrection IOI']O

lines 37 of tdwn X el ess ] ¢ fﬂ&’éa{lﬁdené’@ééafs Sf@ﬁeazﬁléﬁﬁ [5r_e1y Q?tg"‘éﬁ_dis

inthe Y-axis direction based on the neasurenent ues 0

l'i near engodesise FOA G A0 G i dItp RGESISANM d Yoe MEI Y mbvement control
interferoneter 16. Simlarly, for exanple, in the case only

correction i nfomwerfleirontafgew@sP iof thei xHdihesdid@ afiort hetd BLgh escdisracy
acquired, wafer stage WST may be noved in the X-axis direction based
on the neasurshierd X alivssnfencddersar’B&anentblericitol dwind@ffected
wi t hout necessarlly using X interferoneter 126. Further, only either
one of the bag?éla@@'ﬁ PVBA- Bt 1e | BugasItd ngr PoE CHeRE e asa&es&mdwarp
measur enment eﬂﬁ gf t he, encoder that occurs due tq the_scal es

(such as the ¢ Gr3F LAl GraR) ﬁ&@&vlﬁ:éﬂééngnﬁl?%rx écﬁéﬁﬁat?%ﬂ Yrithout
Cr L Ol AL AP AL LRG890 B o LLDOMELR 2P, e
may be conpengi €y non-measurement directions (the relative motion
between the head and the scale in the non-measurement
directions).
Incidentally, in the description above, correction
15 information of grating pitch and grid line warp is to be
acquired for both of the Y scales and the X scales. However,
the present invention is not limited to this, and correction
information of grating pitch and grid line warp may be acquired
for either one of the ¥ scales or the X scales, or the correction
20 information of either one of grating pitch or grid line warp
may be acquired for both the Y scales and the X scales. For
example, in the case only correction information of warp of
grid lines 37 of the X scales is acquired, wafer stage WST
may be moved in the Y-axis direction based on the measurement
25 wvalues of Y linear encoders 70A and 70C without necessarily
using Y interferometer 16. Similarly, for example, in the
case only correction information of warp of grid lines 38 of
the Y scales is acquired, wafer stage WST may be moved in the

X-axis direction based on the measurement values of X linear



Next, a parallel processing operation using wafer stage 10 WST and
measur enent stage MST in exposure apparatus 100 of the enbodi nent

w Il be described based on FIGS. 18 to 31. Incidentally, during the
operation described below, nain controller 20 perforns
openi ng/ cl osing control of each valve ofiokiquid supply device 5 and
liquid recovery device 6 of local 15 liquid i mersion device 8 as is
described earlier, and the space directly belowtip lens 191 of

proj ection oftieefeRy stnaml (@D c"bﬁ'sft%l%ﬁ I%ﬁqqqﬁ?@éﬁ t4s g ef .
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escription cg]lziplc%rhe 1[1:% YNGR Il]_p(;[I}O LS4 apove ahnd a

under st andabl e u OW Nng escrl ption Tegarding t

operation W ljedg, Figle ¢ @%lreg g@%edéﬁ%asﬁ £t otctaarrse& QRCEHEUES e
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confi gurati oreregard ede gfradinst dheelodingnpekcstencerpfgthe line warp
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in the descrignd dhabove) JF| (hedsi mhiver a sten eafirredxpbad e by a

st ep-and-scan 109 nethod is being perfornmed to wafer W(in this

case, to be @CHHRT AWl REIT ITHY (%é:qr@ﬂew ning 25 or
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Incidentally, during the operation described below, main

controller 20 performs opening/closing contrel of each valve
of liguid suppliy device 5 and liquid recovery device 6 of local

15 1liquid immersion device 8 as is described earlier, and the
space directly below tip lens 191 of projection optical system
PL is constantly filled with water. However, description
regarding control of liquid supply device 5 and liquid recovery
device 6 will be omitted in the following description, in order

20 to make the description easily understandable. Further, the
following description regarding the operation will be made
using many drawings, but the reference codes of the same
members are shown in some drawings and not shown in the other
drawings. That is, the reference codes shown are different

25 in each of the drawings, but these drawings show the same
configuration regardless of existence or non-existence of the
reference codes. The same is true also in each of the drawings
used in the description above.

FIG. 18 shows a state where exposure by a step-and-scan



descri bed above is sufficient as a noving distance of 10 neasurenent
stage MST that is needed when going into the contact state (or
proximty state) with wafer stage WST after the exposure ends.

During the exposure, main controller 20 controls the position
(including the 9z rotation) within the XYopl ane of 15 wafer table

WIB (wafer stage WST), based on the nmeasurenent val ues of at | east
three encoders out of two X heads 66 indicated by being circled in
FIG 18 that TRECK StHENBPer foampB IR vadspelt ilial YhixX easoders be a

70B and 70D) and t Y heads . 64 indicated by being circled in FIG
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d 700, an e age-position-attrihutahle-error. correctian
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rolling anpbunt, the yaw ng anoun the Z-position o

stage WBT5t hadolaries imraseed Jayrd tord L onet ef s syed 28d 1 18:¢ arnwl hased

on correction information of grating pitch and correction

i nformati on cdmbwadimenft gmichdumeeseraf seacle NS@l ¢s mévitdefol wking wafer
controller 20 controls the position in the Z-axis direction, and the
By rotation (steidd WET wdrid ¢ keeBinpat predatetfinggidiciianye betwaéprthem.
tabl e WIB, based on the neasurenent values of a pair of Z sensors

741j and 742jThessfor aitthofsane chsranice gy Eirl Pregtpigrined distance
respectivel ace the end portions_on one side and the other side in
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may be controldfgd -hased 001 he-JEaSUW LaRAL Y, UES sk §%Q§8rv§s¥@fjter
and 742j, and
the exposure ends.
During the exposure, main controller 20 controls the
position (including the 6z rotation) within the XY plane of
15 wafer table WIB (wafer stage WST), based on the measurement
values of at least three encoders out of two X heads 66
indicated by being circled in FIG. 18 that face X scales 39X,
and 39X; respectively (X encoders 70B and 70D) and two Y heads
64 indicated by being circled in FIG. 18 that face Y scales
20 39Y; and 39Y; respectively (Y encoders 70A and 70C), and based
on stage-position-attributable~error correction information
of each encoder (correction information computed in the
equation (10) or (11)) in accordance with the pitching amount,
the rolling amount, the yawing amount and the Z-position of
25 wafer stage WST that are measured by interferometer system
118, and based on correction information of grating pitch and
correction information of warp of grid lines of each scale.

Further, main controller 20 controls the position in the Z-axis

direction, and the 8y rotation (rolling} and the 6x rotation



761q and 762q and the ex rotation (pitching) may be controlled 10
based on the neasurenent values of Y interferoneter 16. In either
case, the control of the position in the Z-axis direction, the ey
rotation and ex rotation of wafer table WIB (focus |eveling control
of wafer W during the exposure is perfanoed based on the results of
the focus mapping that was 15 perfornmed beforehand by the nulti point
AF system described earlier. The forq?oing exposure operation is

performed by Rt Pl Takendabd iR ndas aron it opes anrsnepEtvRIaIeS
shots in which wafer stage WST i s ved t.o_a scanni ng start%n
position 20 (HcePérd: Plig2sF&PEPRY g@giPPSnY ﬁOraEQpasB?%rd? égﬁﬁnsors
hot f f I t. (e.q.
Enhanced G obAT AT Snieiit CLECAT ToBErFoyrbd bt ar hand Crne Lidfedn one
basel ines of AldORNELIYSEREE Atbe AW M?L LG ALA4recRBbnt Q?d{%é(n%aafer

and a scanni ng exposure operation in which a 25 pattern forne

reticle Rsis damnsfay edrfaceach shole Arga, HYd BBCANAI Fige MR NtL ) .
nmet hod. Incidentally, the exposure operation described above is
perfornmed i n Imcsitcddre: alhiey e et erositsidrel ih itthd He-spac elhetoteiem tdrpl the
|l ens 191 and wafer W Further, the exposure operation is perforned

in the order &% gintatewhotralllingr exf |Wakaedanlg WEB ynagi dee taprtimelled
shot area located on the +Y side in FIG 18. Incidentally, the EGA
met hod is di RATEEED The BeFSuEeRfte Vadnes Lt 2 pansrE sNod1:428( 417 and

2N e LK ehely BELOLE.d U5l B30, SISt e ah e i exptset
D) ene S AL 0, IR S STl L0 LSBT,
whi | e mai nt aidtidi@g: A e JBas e M3 Uer Ofhe position in the Z-axis
direction, the 8y rotation and 8x rotation of wafer table WTB
(focus leveling control of wafer W) during the exposure is
performed based on the results of the focus mapping that was
15 performed beforehand by the multipoint AF system described
earlier.

The foregoing exposure operation is performed by main
contreller 20 repeating a moving operation between shots in
which wafer stage WST is moved to a scanning starting position

20 (accelerating starting position) for exposure of each shot
area on wafer W based on the result of wafer alignment (e.g.
Enhanced Global Alignment (EGA)) performed beforehand, the
latest baselines of alignment systems ALl and AL2; to ALZ,,
and the like, and a scanning exposure operation in which a

25 pattern formed on reticle R is transferred to each shot area
by a scanning exposure method. Incidentally, the exposure
operation described above is performed in a state where water

is held in the space between tip lens 191 and wafer W. Further,

the exposure operation is performed in the order from the shot



X interferometer 130 to a constant value. At this point in 10 tine,
the end surface on the -Y side of CD bar 46 (neasurenent table MIB)
and the end surface on the +Y side of wafer table WDB are in contact
with each other. Incidentally, the noncontact state (proximty
state) may al so be kept by, for exanpleiimonitoring the neasurenent
values of the 15 interferoneter or the encoder that neasures the
Y-axis direction position of each table and separating neasurenent

tabl e MTB andB%@# eroGaine awshen Yheéivdeakpsther aket onred kocafted acdhe

of around 300pm .WAfer stage WST_and neasurenent _stage MST, are set
"n the posi tibndioPet AEISH LRownt 1o dIEEa DbV A § DR T GRSES 1P & it tosed

wafer W and %{ t G\?Erort Q%étﬁugli%t ht%?eU Sé ?%&enﬁ%omﬁeqéﬁ%\G%;Ogggﬁﬁﬁg fincee .

posi tional rerdtion. sequently; as 15 owri iI'n ;

keepi ng the positiofaly I elabli@nchi 88 st S, A et kgg&%"‘f&%:&%&g{g,

tabl e WIB and neasurenent table MIB, main controller starts

operati onsof whiyidihtiRASWEeMNhoseadReNolreRehbest JgdIMSET (rih Albment
al so starts an operation of driving wafer stage WST toward unl oadi ng
posi tion UP. téiele tNERe topertad ipnsitaren sHewd eih FIG .t e enpatimerilling
measurenent stage MST is noved only in the -Y direction, and wafer
stage WBT i s siaael drnithesyistiem -2 dilramtd om diite méaiumandron. valhen of Y
mai n controller 20 drives wafer stage WST and neasurenent stage MST
‘si mul t aneous| 3R fRreeatey BEdWhbsocrainka tping &thy Bepengepgnthealue of

space betueen LR A SIS 3% 01 A prolectian unLt Bl and yefer, Wivater,,
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to the -Y sidgpile MTB) and the end surface on the +Y side of wafer table
WIB are in contact with each other. Incidentally, the
noncontact state {proximity state) may also be kept by, for
example, monitoring the measurement values of the
15 interferometer or the encoder that measures the Y-axis
direction position of each table and separating measurement
table MTB and wafer table WIB in the Y-axis direction at a
distance cf around 300um. Wafer stage WST and measurement
stage MST are set in the positional relation shown in FIG.
20 19 during exposure of wafer W, and after that, both the stages
are moved so as to keep the positional relation.
Subsequently, as is shown in FIG. 20, while keeping the
positional relation in the Y-axis direction between wafer
table WTB and measurement table MTB, main controller 20 starts
25 an operation of driving measurement stage MST in the -Y
direction and also starts an operation of driving wafer stage
WST toward unloading position UP. When these operations are

started, in the embodiment, measurement stage MST is moved

only in the -Y direction, and wafer stage WST is moved in the



Incidentally, during the foregoing novenent, the contact 10 state (or
proximty state) of wafer table WIB and neasurenent table MIB is

mai ntai ned. Incidentally, FIG 20 shows a state right before water
inliquid inmersion area 14 is delivered fromplate 28 to CD bar 46.
Further, in the state shown in FIG 20, 1main controller 20 controls
the position within the 15 XY plane (including the 6z rotation) of
wafer table WIB (wafer, stage WST) , based on the neasurenent val ues
of three encoder$lf&PRoToEGnds @R -

st age-position-attrj,butabl.e-errar orrection infornmation of encoder
S0a S 7hB or | 70D st ST R Tt o am Al e a4 1%
anmount, the r i i unt, . and the

SIbT o of oy ST W LIBABO TR, | 80D e gnove,

system 118, Wteﬁ%ﬁ@@tiQ%émO{rﬂm‘éﬂ@ns&icegr@éﬁg@erpiﬁ% A 191 of

correction information of grid lines of the scales). en waf er

stage WST5andbr@psdl esenhist agedStagee w 2%ageild 4 aneRUY YmABdsion area
slightly driven further in the above-described directions

respectivel y ¥4 einawmne ist BI@. &f0 )Fl@qued®,iafjdyi hboas nbasuwerfert Wofo plate
waf er stage WST (wafer table WIB) by Y encoders 70A (and 70C) cannot
be perforned.28hePdiart 6, andieabetomenthzableniils, comawlirar t20novement

switches the control 113 of the Y-position and the 9z rotatjion of
waf er stage VBT YafiertagaplleTVam) RemHigeorttasie BEdefoohhe ey side.

nmeasur enent val ue of. .Y encoders 70A and 70C to the contral based on
t he masurerﬁhﬁl%%% C%‘“Hﬂ%r?klﬁ YO Iy Pty the "Contact
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time, as Is s asur €nent S reaches

posi tion wherighas eirENes TRASIW LR . o nthgesecqndar ¥rcaliPRmeht 4 state
systens (hereinafter, also referred to as the
right before water in liquid immersion area 14 is delivered
from plate 28 to CD bar 46. Further, in the state shown in
FIG. 20, main controller 20 controls the position within the
15 XY plane (including the 8z rotation) of wafer table WTB (wafer
stage WST), based on the measurement values of three encoders
70A, 70B and 70D (and stage-position-attributable-error
correction information of encoders 702, 70B or 70D stored in
memory 34 in accordance with the pitching amount, the rolling
20  amount and the yawing amount, and the Z-position of wafer stage
WST that are measured by interfercmeter system 118, and
correction information of grating pitch and correction
information of grid lines of the scales).
When wafer stage WST and measurement stage MST are
25 simultaneously and slightly driven further in the
above~described directions respectively from the state of FIG.
20, position measurement of wafer stage WST (wafer table WTB)
by Y encoders 70A (and 70C) cannot be performed. Therefore,

right before that, main controller 20 switches the control



Sec-BCHK (interval) as needed) that is perfornmed at 10 predeterm ned
intervals (in this case, with respect to each wafer replacenent) is
performed. Then, main controller 20 stops neasurenent stage MST at
the position, and also drives further wafer stage WST toward

unl oadi ng position UP while neasuring the3X-position of wafer stage
WST by X head 66 15 indicated by being circled in FIG 21 that faces

X scal e 39X1 :éx-llnear encoder 70B) and neasur|@9 the Y-position,
the 6z rotat?ofhEntr2ettie apd She RZeFPbr bRl & ‘iﬁf%cﬁtzge WST (wafer

i nterf ters A3A and 43B, .and st fer stage VST at _unl oadi
posi ti on Up. THEIAIEA 15701 FEngSBEAPE BRSPACON A4S zbeai‘me‘r’n?ffrita i e
in the space hetyegp, @Eé”ﬁd@”é&é aple MBL)%]dcorHJpoi el on the

Subsequently, as is s 21" and nai n
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of Y-axis linear encoders 70E and 70F 25 described above that are
constituted hyntehRatdimddyds ash 62 43mdi aaleed RYclel RO pictiehedrifed
FIG 22 that respectively face a pair of reference gratings 52 on CD
bar 46 supporgedidy ofireamer; eaenits shage MSTEI@GNA 13| seaadpusbatt fieage MST
XY-position of CD bar 46 based on the measurenment value of primary

al i gnnent 1l4reagimasempmsitint vhesd Insddeingmerpokedenin i the ZEqdratary

detects reference mark Mthat is |located on centerline CL of
measur enent t%&ﬂ%?@@ﬁ?(ﬁyﬁqﬁmqmehﬁ?ﬁ#ﬂ%%ﬁ%@nn%&ﬁo AT TSHh tq @ the
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respect to prinary allgnment are Seveéra
sinul taneouslysfer replacement) is performed. Then, main controller 20

stops measurement stage MST at the position, and also drives
further wafer stage WST toward unloading position UP while
measuring the X-position of wafer stage WST by X head 66

15 indicated by being circled in FIG. 21 that faces X scale 39X,
(X-linear encoder 70B) and measuring the Y-position, the 8z
rotation and the like by Y interferometer 16 and Z
interferometers 43A and 43B, and stops wafer stage WST at
unloading position UP. Incidentally, in the state of FIG. 21,

20 water is held in the space between measurement table MTB and
tip lens 191.

Subsequently, as is shown in FIGS. 21 and 22, main
controller 20 adjusts the 6z rotation of CD bar 46 based on
the measurement values of Y-axis linear encoders 70E and 70F

25 described above that are constituted by Y heads 64y; and 64y,
indicated by being circled in FIG. 22 that respectively face
a pair of reference gratings 52 on CD bar 46 supported by
measurement stage MST, and also adjusts the XY-position of

CD bar 46 based on the measurement value of primary alignment



measuring reference marks Mon CD bar 46 that are | ocated in 10 the
field of each secondary alignnent systemusing four secondary

al i gnnent systens AL21 to AL24. In parallel with the Sec-BCHK
(interval), main controller 20 gives the command and rmakes a drive
system of an unload arm (not shown) unl oads wafer Won wafer stage
WST that stops at unloading position 15 UP, and al so drives wafer
stage WST in the +X direction to nove it to |loadin osition LP with

a vertical noveHEst Ailningicahed Rhdwdnchcireledlin (fdfGer 2Eotip B detpcts
whi ch has been _driven u rd en perform ng the unl oadj ng, ke
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state of being away from wafer stage T to e contact state

proxi mtysst ate)tawddn mafef i ade Yl descd idedpredausidary ldlignment
parallel with this operation, main controller 20 gives the “conmand
and makes a BysisemyAkd) afo all2gadtaenrébatisbopnyitiond aewthaf eoulV
onto wafer table WIB. In this case, since the state where vertica
movenent pin Ecdlary edédgangh’ syseetes erimhnedspeotrito psimak ptal ingdient
the wafer |oading can be performed in a shorter period of tinme,

conmpar ed wi t BY¥HeeedSel) s eSS Er ¥ by aRhvared: rn Cruktarsenty

downward and housed, inside the wafer holder. .Incidentally, FIG 23
shows the 5 StSHBEWHE & Sy ('8 5 aHe‘Eino(ﬁD\}%‘%r&t EBF‘E %\%T%i??\a?% in

enbodi nent,, the for i opt,i mal _scrumwaitin osi t.ion of.
i P AR S o f L Pt fotn R Reandl firine e

measur enent stage IS appropriately

Y- coor di nat es; Qo {de- Al d RN T kSt ems AL2, to BAL2,. In parallel with

the Sec~BCHK (interval), main controller 20 gives the command
and makes a drive system of an unload armA{not shown) unload
wafer W on wafer stage WST that stops at unlocading position

15 UP, and also drives wafer stage WST in the +X direction to
move it to loading position LP with a vertical movement pin
CT (not shown in FIG. 21, refer to FIG. 22), which has been
driven upward when performing the unloading, kept raised a
predetermined amount.

20 Next, as is shown in FIG. 23, malin controller 20 moves
measurement stage MST to an optimal waiting position
(hereinafter, referred to as an “optimal scrum waiting
position”) used teo shift a state of measurement stage MST from
a state of being away from wafer stage WST to the contact state

25 (or proximity state) with wafer stage WST described previously.
In parallel with this operation, main controller 20 gives the
command and makes a drive system of a load arm (not shown)
load new wafer W onto waier table WTB. In this case, since

the state where vertical movement pin CT is raised a



arranged in the alignnent shot areas on the wafer. Further, 10 in the
enbodi ment, the optimal scrumwaiting position is set so that the
shift to the contact state (or proximty state) described above can
be perforned at a position where wafer stage WST stops for the wafer
alignment. Next, as is shown in FIG 24, imgin controller 20 noves 15
waf er stage WST from | oading position LP to a position with which
the position of fiducial mark FMon neasurenent plate 30 is set
wi thin the fikredgaeetiedmngws) ie6f mpinhatyedal thmreniesyoadingLean be
(i.e. the position where the forner rocess, of basel i ne neasurenent
of the pri mr@e%f?faﬁ%%ﬁtn QOS}%?IE’E%%H@%QCB@I’QKFMF%' FENRFERA Y Ltk Fhe case
m ddl e of the ,_ novenent., in_controller 20 swt.ches control, of .the
P0s1 Lion i CHITEY e BR 95 BG VG atr B G e WFE VPO HPURE S Egnepg) Housed
based on the r nc o o r rdi - axj
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Y-axis direction and the Oz rotation, to the control of the position

wi thin the XY planarbasedenbotibfRentasttiemitegoidldieptofaat steaitwaiting
three encoders, which are at |east one of two X heads 66 indicated

by being cirgetitiionrld Redasimagndrcestidde NSBchd espRO0dr tande BPX2et in
(encoders 70B and 70D) and two Y heads 64Y2 and 64yl indicated by

bei ng circl ed®¢FPIIaRCR4 i Hatthacek coordnasex9vl Hiel abienyenic owryiss
70A and 70C), and based o st age-position-attributabl e-error
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nmeasur ed by
described above can be performed at a position where wafer

stage W3T stops for the wafer alignment.
Next, as is shown in FIG. 24, main controller 20 moves
15 wafer stage WST from loading position LP to a position with
which the position of fiducial mark FM on measurement plate
30 is set within the field (detection area) of primary
alignment system ALl (i.e. the position where the former
process of baseline measurement of the primary alignment
20 system (Pri-BCHK) is performed). In the middle of the
movement, main controliler 20 switches control of the position
within the XY plane of wafer table WTB from the control based
on the measurement value of encoder 70B regarding the X-axis
direction described above and the measurement values of Y
25 interferometer 16 and Z interferometers 43A and 43B regarding
the Y-axis direction and the 6z rotation, to the control of
the position within the XY plane based on the measurement
values of at least three encoders, which are at least one of

two X heads 66 indicated by being circled in FIG. 24 that face



interferoneter system 118, and based on correction 10 information of
grating pitch and correction information of grid |lines of each

scale. Then, main controller 20 perforns the Pri-BCHK fornmer process
in which fiducial mark FMis detected using primary alignnent system
ALT. At this point in tine, nmeasurenent h5estage MST is waiting at
the optimal scrumwaiting position described above. Next, main
controller 20 starts novenent of wafer stage WST in the +Y direction

toward a posi¥ivitverP¥hand| 3 Yresncosgries’ aBramgePPn sk tihr Beheads
first ali hot .are 20 tected, while controlling the
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25 to this oper mai n contr activates (turns

sensors 72a t@&adi2leddedaBasebLsetNEod- POBLEMSPLENAcdRSutiACth Ngké ON
(the 9y rotation and the 8x rotation) of wafer table WIB at the

poi nt in tineabden-desensioed g@aat tordRd(fEcandndfien )t ahl ec¥dBlante with
before that point in tinme. 117 After the stop of wafer stage WST
descri bed abotes pidiahiggnemobhéroR2Ghe modf ispramdeameoudiey yvandng amount,
individually detects the alignnment marks arranged in the three first
al i gnment shoind aleasZ Tpes &k ien of araSpnpetromrker i that Grogyeasirgd by

rimary 5 alignment system ALI and ondary alignnent systenms AL22
nd AL 23, ST TRE T BLTEUR T L80l 190 dpath coh nFPRERERAOD

Fyotems Au (haZ e o0 ond ik, s Il el e o Ahroléfelon o
grid lines of each scale.

Then, main controller 20 performs the Pri-BCHK former
process in which fiducial mark FM is detected using primary
alignment system ALl. At this point in time, measurement

15 stage MST is waiting at the optimal scrum walting position
described above.

Next, main contreoller 20 starts movement of wafer stage
WST in the +Y direction toward a position where the alignment
marks arranged in the three first alignment shot areas are

20 detected, while controlling the position of wafer stage WST
based on the measurement values of af least three encoders
and each of the correction information described above.

Then, when wafer stage WST reaches the position shown
in FIG. 25, main controller 20 stops wafer stage WST. Prior

25 to this operation, main controller 20 activates (turns ON)
Z sensors 72a to 72d and measures the Z-position and the
inclination (the Oy rotation and the €x rotation) of wafer
table WTB at the point in time when Z sensors 72a to 72d face

wafer table WIB, or before that point in time.



detection (the neasurenent values after correction by each 10 of the
correction information), and stores themin an internal nenory. As
i s described above, in the enbodinment, the shift to the contact
state (or proximty state) of neasurenent stage MST and wafer stage
WST is conpleted at the position where 151detection of the alignnent
marks in the first alignnment shot areas is performed, and fromthe
position, the novenent in the +Y direction (step novenent toward a

posi ti on where the 2EIgghkent taBrKks vafeangbade i heepicrd bescahgve, main
alignnent shot are ar.e detected) of both stages WBT.an in the
AR R e Saartal et e R ER R Sy A B ML R L
20.  Pri t f t Y directi.on.of -both
Stages ver mndnet oRtend nIPHE N andhd € chE PLEEE . ALi0R1 R8bHent shot

starts irradigtd [ QANB; Wt adi akkoNs c SY, %3@5
the nul tipoi nat%i%ps%%fe%n} E%g%asf%grg_b) tgfﬁﬂ{ag‘%‘rﬁf gg g%ct’ a%?g 1%/\%’%% t n?efry

this oper ati ol i fritReiet=fGitiaNAB] Ean@fs R daPY b1 PEHhMEN AR PHSRIMALS, and
formed on wafer table WIB. Then, during the novenent of both stages
WST and MST iAL24,henty ldinkec tihen deteert ilvot restdges oS85t hare: MITE gremclt
the position shown in FIG 26, main controller 20 perforns the 118
focus cal i br yareridriker, flokessd adds:obndi bive aneadarément et lwen ehet
nmeasur enent val ues of Z sensors 72a, 72b, 72c and 72d (surface

posi tion i nf orGART o ERE tHECIRE DOFET GRS HRVe sttt iR of Hepe
side in the X;axis direction of wafer table 5 V\Z’%qﬁand t he detection
resul t (surfate Fostt o~ FhbTaat s SRt a2 tifes | SH 507 kOt the each

detecti Q80P HEUA AU 9 AL 6 | By 00 PRLK ASE g
surface by th@emory.
As is described above, in the embodiment, the shift to
the contact state (or proximity state) of measurement stage
MST and wafer stage WST is completed at the position where
15 detection of the alignment marks in the first alignment shot
areas is performed, and from the position, the movement in
the +Y direction (step movement toward a position where the
alignment marks arranged in the five second alignment shot
areas are detected) of both stages WST and MST in the contact
20 state (or proximity state) is started by main controller 20.
Prior to the start of movement in the +Y direction of both
stages WST and MST, as is shown in FIG. 25, main controller
20 starts irradiation of detection beams from irradiation
system 90a of the multipoint AF system (90a, 90b) toward wafer
25 table WTB. With this operation, the detection area of the
multipoint AF system is formed on wafer table WTB.
Then, during the movement of both stages WST and MST in
the +Y¥ direction, when both stages WST and MST reach the

position shown in FIG. 26, main controller 20 performs the



mul ti point AF system (90a, 90b) in a state where a straight 10 line
(centerline) in the Y-axis direction passing through the center of
waf er table WIB (which substantially coincides wwth the center of
wafer W coincides with straight line LV. At this point in tine,
liquid imersion area 14 is | ocated near 118he boundary between CD bar
46 and wafer table WIB. That is, 15 liquid imrersion area 14 is about
to be delivered fromCD bar, 46 to wafer table WIB. Then, when both
stages WBT antPST F3kthert #Rv ef 9 hePrace h r etd P ki e keephaigion

t hei tact, st at imt t h th i

(el contact, e, (o, REOXLILLL., SLS), anr each LIG BOSLELON . oo
| ndi vi dual | y gt ecls dhe oaligaagni  BRLKS: AL A0S d nbhe LLye.second,.
al i gnrrent shot al eas refer to star-s dape markKs I n E G.p E usi ng

five alignmentyesystese Achand; Ak2dy tt@iebkzﬁxigi&kﬁeéﬂ%rgga%e‘ﬁéng table
results of five alignnment systens AL1 and AL21 to AL24 and the 25

neasur enest vatBlesnef thBrés: eneosiens s(QA (40erand gOB ot hehfdrin: iQin)
the detection (the neasurenent values after correction by each of

t he correcti gt itHfeordstaon)qn gruirst oftds: tdegradii ort heodintt drowadt gxenor yehe
At this point in tinme, since there is no X head that faces X scale
39X1 and is |Gty wn 9t ridigitiqirgity ithetew i n ate of aximlwialkidty orf

t hat passes through the qgptical axis of projection optical system

PL, nain contq'edqch%l%poé@ﬁtsr)o%l he FRATUTRENG tHiate BE yrphrandpfthe
wafer table WB, base t he nmeasurene al ues of head 66 facin

X scale 5 39)]355(5%9?% %rlﬁeﬁé’g&&m f%B}a’a hbtt F?n%a‘?t%ﬁ%o‘gﬁ%e PORTHAGIRE

70C.  Asphs dasel i<9§gt399gﬁgaiﬁ&g}% gnhodi e ECptgi'oq{ﬁgggﬁis%ngthww% e

total of position informa -di'mensrona Si or ma
of alignment J@fks- eany e deleaterat (Ji& PR Bstantially coincides with

the center of wafer W) coincides with straight line LV. At
this point in time, liquid immersion area 14 is located near
the boundary between CD bar 46 and wafer table WTB. That is,

15 liquid immersion area 14 is about to be delivered from CD bar
46 to wafer table WTB.

Then, when both stages WST and MST further move in the
+Y direction while keeping their contact state (or proximity
state) and reach the position shown in FIG, 27, main controller

20 20 almost simultaneously and individually detects the
alignment marks arranged in the five second alignment shot
areas (refer to star-shaped marks in FIG. 27) using five
alignment systems AL; and AL2; to AL2,;, links the detection
results of five alignment systems AL:; and AL2; to AL2; and the

25 measurement values of three encoders 70A, 70C and 70D at the
time of the detecticon (the measurement values after correction
by each of the correction information), and stores them in
the internal memory. At this point in time, since there is

no X head that faces X scale 39X; and is located on straight



in time when detection of the alignment nmarks in the second 10

al i gnment shot areas ends. Then, at this stage, main controller 20
obtains the scaling (shot nmagnification) of wafer Wby, for exanple,
perform ng a statistical conputation, which is disclosed in, for
exanpl e, Kokai (Japanese Unexam ned Patent Application Publication)
No. 61-044429 (the 15 corresponding U. S. Patent No. 4,780,617) and
the like, using the position information, and based on the conputed

shot  magni fitH§ &N, 1mhhR %o@ﬁ#%ﬁﬁé?c%oﬁeﬁhiﬁq Eésééﬁlfé'tr%-}ﬁh Ehp optical

h t t f t on opti cal tem PL,_ for exa
e T on mii R PLeet Jc%fhf?%ﬂ%ﬁy%w%ﬂru%%émléoc%v%l% 20

(refer to qu:ﬁ% ol§Qﬂﬂ§%QEQE1 gy%g?hsy§@%%1 %gé%) wafer gble WTB

characteristics rojection opti exanpl e

driving a Sp%‘dgé& cffp\@@ QNS SRARL %ﬂb‘e@gofpkohgﬁﬁ' 9@ PQ&i&@'x scale
system PL or changing the pressure of gas inside the airtight

that is fernmesbhetneeihapeendcedrenses 2k gonshesdtdiehdyd okl Qﬂd 70c.
optical systemPL, or the like. Further, after the sinultaneous

detection of the s gsneascmibkd aivoamgeith ithet Brbbivrenecoatght pieces
alignment shot areas ends, main controller 20 starts again novenent

in the +Y di¥edidton off mw@%elgmmqurdmwmm misittelion
120 (or proximty state), and at the sane tinme, starts the focus

meppi ng in whitPZ2&Er $78d iggmeng BAGKE HEAINAY ﬁﬁ&ﬁﬁﬁeﬁats%@ é?ﬁlnt

90a, 90b) are nult ousl sed S own in FIG
Shon’ both st dgbe BT ERE REFETION PRothRst }%mewtrﬁawcw t%e Setond

z‘sifzmﬂgh%ﬁﬁ%ﬂg L e Y e B
latter process@¥hine fAFUSHtains the scaling (shot magnlflcatlon) of
wafer Wby, for example, performing a statistical computation,
which is disclosed in, for example, Kokai (Japanese Unexamined
Patent Application Publication) No. 61-044429 {the
15 corresponding U.S. Patent No. 4,780,617) and the like, using
the position information, and based on the computed shot
magnification, main controller 20 may also adjust optical
characteristics of projection optical system PL, for example,
the projection magnification by controliing an adjustment
20 device 68 (refer to FIG. 6). Adjustment device 68 adjusts
optical characteristics of projection optical system PL by,
for example, driving a specific movable lens constituting
projection cptical system PL or changing the pressure of gas
inside the airtight room that is formed between specific lenses
25 constituting projection optical system PL, or the like.
Further, after the simultaneous detection of the
alignment marks arranged in the five second alignment shot
areas ends, main controller 20 starts again movement in the

+Y direction of both stages WST and MST in the contact state



calibration |atter process. Herein, the Pri-BCHK | atter 10 process
means the process in which projected imges (aerial inmages) of a

pair of nmeasurenent marks on reticle Rthat are projected by

proj ection optical system PL are neasured using aerial inage
measuring device 45 descri bed above that ;hgs aerial inmage '
measurenent slit patterns SL fornmed at 15 neasurenent plate 30, and
the nmeasurenent results (aerial 1image intensity in accordance with

t he XY-positir giromdferty sable)WBhdaae tdteoorsathel himhe shéetsathe focus
menory. In this process, simlarly to the method disclosed in the

U.S. Patent ARPRigH iloh whilsh dasessoNs. 7260200034 377d dase mibldgi point AF
earlier 20 and the l|like, the projected imges of a_ pair, of )
measur ement  TEHIRT 4P83neddR 67 RIRHETABRPRF LY MRS mBastE ehewn in FIG.
operation by.ﬁ slit-scan nethod using aerial imge neasurenent slit
patterns SL f% pairs. Further, the focus calibration latter process

means thegprocess H@Fﬁpi%ﬁena o'th ?EgggsiﬂS%lé%d2§§T2¥E§%§|§£e.position

controlling the positidn’in the optic axi s rection projection

optical systemdl r&d0sidd Aernt RIS EMRNT s PlA 30 {Malfar  all &y
WIB) based on surface position information of wafer table WB

measur ed by Hrsepsdiion’2etiédd, sys2em @ndsieeh ifeErDG c Qe rehlglcottroller
nmeasures the aerial images 121 of the neasurenent marks formed on

the mark pl atad) (petfestmembhe Eri-AGHY elR wrr metdad s Arahec RS ocand
based on the neasurenent results, neasures the best focus position
of proj ecti orfalggiiadsion ystidip PR ORRS Treadgreddnt thpePEL-BRHEf latter
projected 5 i mages of the nmeasurenment marks_ is disclosed in, for ,
exanpl e, +0t h@IRGRTH 830 CheePRIERSAal R Pibl R R TS Roed idhass L 2egyd &l
and the |ike., Main co%troller 20 |1 oads the neasuyrenent vaIEesR éﬁ Z

7 at are

sensors 741, 4T9HER 14 01781P3 15" AEASHI SRARH TS Fs PR wRERCLE

projected by projection optical system PL are measured using
aerial image measuring device 45 described above that has
aerial image measurement slit patterns SL formed at

15 measurement plate 30, and the measurement results (aerial
image intensity in accordance with the XY-position of wafer
table WTB) are stored in the internal memory. In this process,
similarly to the method disclosed in the U.S. Patent
Application Publication No. 2002/0041377 described earlier

20 and the like, the projected images of a pair of measurement
marks are measured in the aerial image measurement operation
by & slit-scan method using aerial image measurement slit
patterns SL in pairs. Further, the focus calibration latter
process means the process in which, as i1s shown in FIG. 28,

25 while controlling the position in the optical axis direction
of projection optical system PL {Z-position) of measurement
plate 30 (wafer table WTB) based on surface position
information of wafer table WIB measured by Z sensors 72a, 72b,

72c and 72d, main controller 20 measures the aerial images



t he | oadi ng of the output signal fromaerial imge nmeasuring 10

devi ce 45, while noving neasurenent plate 30 in the Z-axis

direction. Then, main controller 20 stores the values of Z sensors
741,4, 742,4, 761,3 and 762,3 that correspond to the best focus
position of projection optical systemPL;bp a nenory (not shown)
Incidentally, the reason why the position in the 15 optical axis
direction of projection optical systemPL (Z-position) of

measur enent phAttde3flebvatenchahher W Borngd eantti®inLed pibng (Het shown)
surface position informati on measured by Z sensors 72a, 72b, 72c and
72d in the fowvusetakilbrRviroretlal¢ ertageok®ss arsl bhaedtdrethemesnsurement
calibration latter process 20 is perforned in the mddle of the focus
mappi ng descriBetttHr RBULTISE Yhe thest chreus ot ion i PFAER St iom
area 14 is fornmed Dbetween pr.ojection optical system PL and )
measur enent ﬁfga}geca%oﬂﬁﬁnérmr ab&%‘e\ﬁﬁ)a,sqrﬁ@e%o%’-e&é‘stép%&f R&Ppgcted

o0 el AR b o en @I A IR U AL AL OO SR ey BB B e,

and wat er r, ecause nmeasur

are mount ed at,NVaf gk ﬁ&g?é’\%ﬁ/@{ﬂi&?ﬁ %d@iﬁ)eﬂ%ﬁ h&. wo 05/124834

phot odet ecti on el'enent and the e are nounted at neasurenent stage

MST, the abowardleseribed aeniial conBes] IBASY EFBAL tre hédsuPEhEREMB ues
whi | e keeping the contact state (or proximty state) of wafer stage

WET and neaswrerdersicage MSJ,, d8i. 5 Sheywn drid H,G, 28mdNddhdihely with
measur enent descri bed above, the neasurenent values of Z

sensors741, 4,timdcediTgl o3 tingd FBR B (Signals feonf aceipdsindgn measuring
information of wafer table WIB) in the state where a straight line
(centerl Re) 48Viafe Araxisllf mastingh nepmyienethrowgte tHe iderthe ofaxis

waf er table B coincides with traight Line LV, which corresponds
to the best &ﬁﬁﬂti Hen, main cogtroaler %O stores the values of Z

sensors 741,4, 742,45, 761,53 and 76;,3 that correspond to the best
focus position of projection optical system PL in a memory
(not shown}. Incidentally, the reason why the position in the

15 optical axis direction of projection optical system PL
(Z-position) of measurement plate 30 (wafer table WTB) is
controlled using the surface position information measured
by Z sensors 72a, 72b, 72c and 72d in the focus calibration
latter process is that the focus calibration latter process

20 is performed in the middle of the focus mapping described
previously.

In this case, since liquid immersion area 14 is formed

between projection optical system PL and measurement plate
30 (wafer table WTB), the above-described aerial image

25 measurement is performed via projection optical system PL and
water Lg. Further, because measurement plate 30 and the like
are mounted at wafer stage WST (wafer table WTB) and the
photodetection element and the 1like are mounted at measurement

stage MST, the above-described aerial image measurement is



of projection optical systemPL, are obtained. 10 Then, nain
controller 20 conputes the baseline of primary alignnent system AL
based on the result of the Pri-BCHK forner process described earlier
and the result of the Pri-BCHK | atter process described earlier.
Along with this operation, based on a rebation between the

measur enent 15 val ues of Z sensors 72a, 72b, 72c and 72d (surface
position information of wafer table WIB) and the detection result
(surface posiR¢biCIrgdihaliedrgertng Rbedgeeert¢loatpsentar porhaity state)
measurenent plate 30 surface of the nultipoint AF system (90a, 90b) |,
that has beerP%B‘f iSed Gag st WeTr aRdsmeas thrRet bt fagseiS 2025 68 edRowWn in

and based on sur nt_.val ues of Z sensors .741,4 742, 4, 761,3
and 762,3 (i .Etei.be'sur acﬁﬁ%ﬁk’i%ﬁ“%ﬁ%‘ﬁ% oﬁjseoarc%éeéfr 2¥57e )
correspondin f S Lt projecti opt.| ;
syst empPL t hg}lé%a%/e %g%%gl%?%i%n%g%is%&tiﬁgrg? ot ’soﬂctléﬁ’b?g’t’i:i%hﬂcf;%f’ér(l s

process, BRI NGO EOHR1tAQ0PhabPRa2dohher ffreet table WwePr esephatdiMi e
detection point (in this case, a detection point located in the

center or indheryidigttyighiheraod, (itoflingl urmlily wiasxhed ettt ion
points), of the nultipoint AF system (90a, 90b) with respect to the
best focus position Wirqrglj ébei oanopti chlwasiest emblle, WABdcatioasdss tuiech
123 detection origin_of the nultipoint AF system for exanple, in
the optical nEttwBkh lERgtLY hahdiohseprpeepprds Lfar Bhe heathfecuggeosition

fromthe vie int of inproving throughput only aone of the Pri-BCHK
ij%'b gr&nm'at% PR may be

| atter process dNPIHeEL ¥Ye P E At i DY 't .
pertoniegy Of 1he HSENUL S, T AL, 06 oSN M AR IR AL LI
Elr’ 'O;:SSS"KdLZtStﬁﬁﬁg?ﬁgﬁﬁewtsfﬂéﬁrﬁp’bég'@d RS - B L QBT o the
Pri-BCHK former process described earlier and the result of
the Pri-BCHK latter process described earlier. Along with
this operation, based on a relation between the measurement
15 wvalues of Z sensors 72a, 72b, 72c and 72d ({(surface position
informetion of wafer table WTB) and the detection result
(surface position information) at the detection points on the
measurement plate 30 surface of the multipoint AF system (90a,
90b) that has been obtained in the focus calibration former
20 process, and based on the measurement values of Z sensors 741,4,
1454, 761,3and 762,353 (i.e. surfaceposition information of wafer
table WTB) corresponding to the best focus position of
projection optical system PL that have been obtained in the
focus calibration latter process, main controller 20 obtains
25 the offset at a representative detection point (in this case,
a detection point located in the center or in the vicinity
thereof, out of 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



to be perfornmed either. And, in this case, main controller 10 20 only
has to nove wafer stage WST from | oading position LP to a position
at which the alignnent marks arranged in the first alignnent shot
areas AS are detected. Incidentally, in the case the Pri-BCHK
process is not perfornmed, the baseline, 1wRBich was neasured in the
simlar operation just before 15 exposure of a wafer that is previous
to wafer Wsubject to exposure, is used. Further, in the case the
focus cal i br A§tAFticR t&Fl Proces sHhes bkt iRy Al stsiemestoF sople,
position of ection optical system PL that C\é\;@f measur ed j ust

t

Pr oj
before exposdt edrb@? POrAT IR 50 Sian 1He HeE QRIS t3HFC 20
basel i ne. I nci dent n|1¥hijs%a:[ Qae stat of FIG 28 té:he focus in ‘
descri bed above is berng conti’'nued. eh - REPBFIER gém%?vf'%%c so“%ﬂ@:u !
posi tion showy jin K \vermBAt + Y- L ' f 53?_(
st ages WST and Td: eSSOfl ﬁﬁ%%gh?gnt act lséttg-fée£1((aporrocpérgosri(ieafjn{dtl ;./&sét)a%e g

descri bedsabas a1 ch puedetep rbOess RRN BE P rtd fBaq Mt KOHFRIdRITre
20 stops wafer stage WST at that position, and al so continues the

movenent of mmashietent tsé agethidodds & he th¥udi geact d omi vg EheHer process.,
stopping it. Then, main controller 20 al nost sinultaneously and 124

i ndi vi dual | y Adetenasteheakbpgnrentimahlescase artge @ ritn BCHE Iaveer tdhoaess
al i gnment shot areas (refer to star-shaped marks in FIG 29) using
five alignmenrts $pdt @9 TArmeshd the2Eri oBREBAL oAk sPro@es gederd it need

results of five alignnent syste ALl _and AL21 5 and AL24 and the
measur ement @@&P%F?&rrq St HfRee %ﬂgod%?sghb%tc%?e't A ¥y pontroller

oroode sy8t e hutprSk, LDSKHPLSHAEY HIe SABUATRI YAl UES, AL e
the internal @O AL NS which the alignment marks arranged in the
first alignment shot areas AS are detected. Incidentally, in
the case the Pri-BCHK process is not performed, the baseline,
which was measured in the similar operation just before
15 exposure of a wafer that is previous to wafer W subject to
exposure, is used. Further, in the case the focus calibration
latter process is not performed, the best focus position of
projection optical system PL that was measured just before
exposure of a previous wafer, similar to the case of the
20 baseline.
Incidentally, in the state of FIG. 28, the focus mapping
described zbove is being continued.
When wafer stage WST reaches the position shown in FIG,
29 by movement in the +Y direction of both stages WST and MST
25 inthe contact state (or proximity state) described above after
a predetermined period of time, main controller 20 stops wafer
stage WST at that position, and also continues the movement

of measurement stage MST in the +Y direction without stopping

it. Then, main controller 20 almost simultaneously and



point in tinme, the focus mapping is being continued. 10 On the ot her
hand, after a predeterm ned period of tinme fromthe stop of wafer
stage WST descri bed above, the state of neasurenent stage MST and
waf er stage WST shifts fromthe contact state (or proximty state)

to the separation state. After the shiftz2to the separation state,
when neasurenment stage 15 MST reaches an exposure start waiting
position where neasurenent stage MST waits until exposure is started,
mai n controlliféilwlééjobsdﬁ»‘éﬁ eehata lsiapenveragk st der geged itonthe five

Next, main co tro 20 starts novenent of wafer stage WST in the +Y

di rection to g&gﬂnre&ﬁ SHOWREER St ﬁ’ée%T;F &@nﬁﬁgr'% aﬁ’rﬁﬁilﬁ?%‘rsr AR -
th f { h t . I Lnt i,
e the © 3?9@ g e e g SRS eV RueS REdraie P2 mid PR R ks
stage MBT is mal QG Al dP8esh Q%SHEeffxy%ei’%ar@% s‘%%sd soﬂLl and ALZ4

descri bed above Then, when wafer stage t'he position

shown  25s5i n drldGaT3Q, ad@tﬁe%@éé@fézﬁén@%él@&dbﬁté’& )Z[e%tst\@hf@é &ncoders
stage WBT, and al nost sinultaneously and individually detects the

al i gnment mardest arff artgedfdur tdrecdduee ftoutd alngro®rihe iidtedArieds @he
wafer W (refer to star-shaped marks in FIG 30) using primary
al i gnnent sy stesmuAtdmamd vedcesdarf ye nldogreeriti gy byerscl 25 tik 22 amt ion
AL23, links the detection results of three alignnment systens AL,
AL22 and AL23-THiRFMHel b sicerbaTe s dilam 19 the 10temak AeBeT¥nc obierdiis
out of the four, encoders at theélrre of the detectjon (the,

t

rreasurerrent \F%ﬂldbts HF temeorts Qﬁi‘ls’b)}“aé%ﬁ:ll’?% It RHPE IR -

f d | .
poi nt 1B, 2 he oS HST Ml Berke S BradTned Bz asar Sharie
St age MST is ﬁdn{ |th"@'stt'o’ﬂ>g ot wE@‘ér EXRQSURETSHELL r YBLE ! NPOSIHEL Ot ot e

Then, main controll
of measurement stage MST and wafer stage WST shifts from the

contact state {(or proximity state) to the separation state.
After the shift to the separation state, when measurement stage
15 MST reaches an exposure start waiting position where
measurement stage MST waits until exposure is started, main
controller 20 stops measurement stage MST at the position.
Next, main controller 20 starts movement of wafer stage
WST in the +Y direction toward a position at which the alignment
20 marks arranged in three fourth alignment shot areas are
detected. At this peint in time, the focus mapping is being
continued. Meanwhile, measurement stage MST iswaitingat the
exposure start waiting position described above.
Then, when wafer stage WST reaches the position shown
25 in FIG. 30, main contreller 20 immediately stops wafer stage
WST, and almost simultaneously and individually detects the
alignment marks arranged in the three fourth alignment shot
areas on wafer W (refer to star-shaped marks in FIG. 30) using

primary alignment system ALl and secondary alignment systems



conputes array information (coordinate values) of all the shot 10
areas on wafer Win a coordinate systemthat is set by the

nmeasur enent axes of the four encoders (e.g. the XY coordinate system
assum ng the center of wafer table WIB as its origin) , for exanple,
by the EGA net hod disclosed in, for examks, the U S. Patent No.
4,780,617 and the like, using the detection 15 results of 16

allgnnent marks in total obtained as is described above and the

cor r espondi nghheastdelbat, Vdinksstbe delecehtodarssul(meadutbreata igueent
after correction by each of the correction information). Next, main
control I er 205%SFeMALAL!t Hel30@FS Adppi ARd e RRRBURBRERE Vbeps of at

e i AR o T O T T O o
surface, as'ﬁhé%%@%c%&&ﬂ ﬁ%ﬁsﬂ%@ﬁe %fﬁ%ggF%grQ%$%éé%éé&%geach

mappi ng. After that, ~ base resu Oor egoi hg Wil

al i gnment s( EGY t2e d@fﬁé&t”% bakFer-eBandn)t hed §E8§és%§§d 18RO ndfdMea1
alignment systems ALl and AL21 to AL24, "and the Tike, main

controller Z2Remer§Or FE RXPOHHIS p&ﬁlﬁtsﬂrﬁﬂlﬁag -SeRfiofREbdihd@is being
liquid inmrersion exposure nethod and sequentially transfers a

reticle patteronibinaegl wral megsofreshott ategs WHT vief ert W1 &¥26ting at the
Afterwards, the simlar operations are repeatedly performed in order
to expose thec¥RPBIFE nGLaval evalwindiposhiel ot . TAen,s mbdge rddydd cdieve 20

in detail, according to exposure apparatus 100 of the enbodinment, in
the case waf €rORERES AET Y51 150 FRReP ﬁcéoﬁﬁiéaéFé‘rYﬁHé%s )diolf@]tji she shot

o7 SRamhe. 1L ihen gt s dasti o ufen el o SLLGVEIL L SPOPLS o
direction ban?@éjs@f'emlé %nseggf ’&l’?é %ron%:t éggoggrgh{ae eé‘nccﬁtiil%r X§y<§éoefﬂlnate
system assuming the center of wafer table WIB as its origin),
for example, by the EGA method disclosed in, for example, the
U.S. Patent No. 4,780,617 and the like, using the detection
15 results of 16 alignment marks in total obtained as is described
above and the corresponding measurement values of the encoders
(measurement values after correction by each of the correction
information).
Next, main controller 20 continues the focus mapping
20 while moving wafer stage WST in the +Y direction again. Then,
when the detection beam from the multipoint AF system (90a,
90b) begins to miss the wafer W surface, as is shown in FIG.
31, main controller 20 ends the focus mapping. After that,
based on the result of the foregoing wafer alignment (EGA)
25 performed beforehand, the latest baselines of five alignment
systems ALl and ALZ2, to ALZ2,, and the like, main controller
20 performs exposure by a step-and-scan method in a liquid
immersion exposure method and sequentially transfers a

reticle pattern on a plurality of shot areas on wafer W.



position information (including inclination information, 10 such as
rotation information in the ex direction) of wafer stage WST in a
direction different fromthe Y-axis direction, and characteristic
information of the scales (such as the flatness of the grating
surface and/or a grating formation erron»s. That is, wafer stage WST
is driven so that neasurenent 15 errors of the encoder system
(encoders 70A and 70C), which occur due to the displ acenent

(i ncl udi ng i felteiEaedy, sthewvgfier. lagt agerwsions ardi férsamedly restfiagmed
fromthe Y-axjs direction and due to the scale, are conpensated. In
the enbodi ment? A CORFRATRILD THTR T VR SR M i e neot -

Y-axis direction, 20 based on.ih . | f ders 70A
and 70C that  moasdie 900t ELOMCPArOYRER 11 CBF W oF CSOATo" dETS | ST

Y-axis dir e%é&%%@%f%ﬁi%gfp?ﬁ&?éﬁ@é&ixﬁéﬁ@?tia}?'tﬁae%% ﬁ?%%?cﬁ%é‘e WST

i nformation ( orrmati on conputed i'n e equa

descri bedsaboye)md e ACGOT AN M d i R td 0k dif el Metd 0N 2B ofe Walelihe
stage WST in a direction (non-neasurenent direction) different from
the Y-axis diveotiodiatedthiernd wierofvatrke alBafnefEPNéxpbotrexenies liike
accordance with position information of wafer stage WST in the ex

di rection, thes perfdirred;ivafandtibe WBxssdmiveacindrhd Hatxaselirection
measured by Y 127 interferometer 16 and Z interferoneters 43A and

43B of i nt elfagsrhetlemmenstesnans infruotiest ioh ihd gmmadon wfstem,
grating pitch of, the Y scales (which is correction infornmation in

whi ch the un&RFTER (FHERMRAEY O (Il wlintg e inatiem higymption,

36 of thely SRiTEE I LR ot b SRl e e
of encoders 704 ANGT0L, YOS ceTRAHI PPEPLETERS 1FRUSEE DY diflfct ion,

rel ative di spl acenent
and characteristic information of the scales (such as the

flatness of the grating surface and/or a grating formation
erxror}. That is, wafer stage WST is driven so that measurement
15 errors of.the encoder system (encoders 70A and 70C), which
occur due to the displacement {including inciination) of wafer
stage WST in a different direction from the Y-axis direction
and due to the scale, are compensated. In the embodiment, main
controller 20 drives wafer stage WST in the Y-axis direction,
20 Dbased on the measurement values of encoders 70A and 70C that
measure position information of wafer stage WST in the Y-axis
direction, on stage-position-attributable-error correction
information (correction information computed in the equation
(10) described above) in accordance with position information
25 of wafer stage WST in a direction (non-measurement direction)
different from the Y-axis direction at the time of the
measurement, for example, in accordance with position
information of wafer stage WST in the 8x direction, the 8z

direction and the Z-axis direction that are measured by Y



scal e 39Y1 or 39Y2 and Y head 64 in the non-nmeasurenment 10 direction
and caused by grating pitch of Y scale 39Y1 or 39Y2 and warp of grid
| ines 38 have been corrected by the respective correction
information, stage drive system 124 is controlled and wafer stage
WST is driven in the Y-axis direction. In2this case, the neasurenent
val ues (count values) of 15 encoders 70A and 70C are the sanme as the
results obtained when neasuring an ideal grating (diffraction
grating) by afnheletgronsieeeelo (deddy %ntﬁﬁég¥9mQ¢ﬁ$$cﬁ§ﬁ rdt4 ¥y of
(diffraction |, ratiqg%%is t he one whose surface is parallel to,the
movi ng pl anel‘%W%? SToF THECET abk® ardl B SHT £ | SR ERRHpE R 20

| ane, and the pitch directi the gratjng i, llel to _a beam

0f “an’ i n er | CTORGUS PREETL Kb oS! ATCOS Dot IEER G PR Phigng bt lon
| etel ey . i 5ot

whose opt ] calt e oS PE rhbale (3 By e

of the stage Afh alS0s IMOSL COMNE 43 USS or #0- il Chanden ot 4 Nearp

Z-di spl acenent, leveling and yaw ng. Further, in the case wafer

stage WBT is eobueeid riides 3¢ ad $hdi veekiaors . waf erthegemMblet s shHda®ron
in the X-axis direction based on neasurenent information of the
encoder systEm mosiuiamweinioriwes ot ofnoeders st@yeaMBT/ 0@, avhose
different 128 direction fromthe X-axis direction (including

i nclination WeFDITRIIGHN SEIRET Gravdashplyetheoral abavendbspbacenenh of Y

the 6y direction), and characteristic information of the scal es
(such as the Sr%&% 10P% ﬁéYgramin& 8Grfabé aRdFBE BOBFrAERAYLSMent

f [ 1N i s, f ' [ h
moasur endft &rreret b e’ ERlBag o8, S S te el S50 ante Fop) oF 39%2
whi ch occur dugs 1,9 bMee 83l aceoenly LoChlngorkoELLA, BAL SsdBlelve

stage W5T in a d ren irection from
correction information, stage drive system 124 is controlled

and wafer stage WST is driven in the Y-axis direction.
In this case, the measurement values (count values) of
15 encoders 70A and 70C are the same as the results obtained when
measuring an ideal grating {diffraction grating) by an ideal
encoder (head). Herein, the ideal grating (diffraction
grating) 1s the one whose surface is parallel to the moving
plane (XY plane) of the stage and also which is a complete
20 plane, and the pitch direction of the grating is parallel to
a beam of an interferometer and the distances between grid
lines are completely equal to one another. The ideal encoder
(head) is the one whose optical axis is perpendicular to the
moving plane (XY plane) of the stage and also whose count values
25 do not change due to the Z-displacement, leveling and yawing.
Further, in the case wafer stage WST is moved in the
X-axis direction, wafer wage WST is driven in the X-axis
direction based on measurement information of the encoder

system, position information of wafer stage WST in a different



the X-axis direction, are conpensated. In the enbodi nent, 10 nain
controller 20 drives wafer stage WST in the X-axis direction, based
on the neasurenent val ues of encoders 70B and 70D that neasure
position informati on of wafer stage WST in the X-axis direction, on
stage-position-attributable-error correctpen information 15
(correction information conputed in the equation (11) described
above) in accordance with position information of wafer stage WST in
a direction GﬁkﬁﬁQR%ﬁﬂuﬁﬁﬁﬁnthﬁr&ﬂﬁﬁkﬂﬂdlnﬁQﬁkﬂﬁﬂﬁlHQQﬂﬁqﬂﬁaBQQ%Qﬂﬁtlon
direction at the tinme of the _nmeasurenent, for exanp in accordance
with positi on PR ohH iPoH SPrv%wp%%ag@%ﬁ%lpﬁ@rwtappee{llw y

the Oz dll’eC&IOH andtheZals directi,on th rreas

i nt er f er omet &S 434 BHa FAE of al‘?ﬁcetﬁrelrsotrfle% aiwae %é’ Msdates
correction '”¢59Icrf?%'soﬁ‘h8ff%1 %1 o&'%ﬁ@ agﬂcgzg les, &g;gggh?d[ t:l.ng

correction information In t he unevenness at ness

scal es i sst ak@rrddtirt QRS at vRAY 15, ARG R SPREEGII PN s HREQEARSM Qhat
of warp of grid Iines 37 of the X scal ‘es. In this nmanner, based on

t he nmeasur enenta staddies tofe @noaderts tmmdeﬁoaysmfme(emaﬁwmm and
errors caused by the relative displacenment of X scale 39X7 or 39X2

and X head 6600 ,t héhik29 oqrorr nbes UrensTd djiis’gekacimrsqu(icrmjs,eﬁ.my
grating pitch of X scale 39Xl or 39X2 and warp of grid lines 37 have
been correct éqclpypaieonlespecrier daaeliblomn infldEfareon, dsregeler ifiren

system 124 is cqontrolled and wafer stage WST is driven in the X-axis
5 direction. 9 fhidkis rﬁ%%urﬁr%é?%rb?a%odépstl?GBeélﬁﬂ’dli?‘GBt

are the rreastheres Its urln al .grat.ing
R e

direction, based on the measurement values of encoders 70B
and 70D that measure position information of wafer stage WST
in the X-axis direction, on
stage-position-attributable-error correctiocn information

15 (correction information computed in the equation (11)
described above) in accordance with position information of
wafer stage WST in a direction (non-measurement direction)
different from the X-axis direction at the time of the
measurement, for example, in accordance with position

20 information of wafer stage WST in the 8y direction, the 6z
direction and the Z-axis direction that are measured by Z
interferometers 43A and 43B of interferometer system 118, on
correction information of grating pitch of the ¥ scales (which
is correction information in which the unevenness (flatness)

25 of the scales is taken into consideration), and on correction
information of warp of grid lines 37 of the X scales. In this
manner, based on the measurement values of encoders 70B and
70D, whose measurement errors caused by the relative

displacement of X scale 39X; or 39X, and X head 66 in the



Accordi ngly, wafer stage WST can be driven in a desired 10 direction
wi th high accuracy using the encoders, w thout being affected by the
rel ative notion between the head and the scale in directions other
than a direction to be neasured (nmeasurenent direction), wthout

bei ng affected by the unevenness of theiggale, and w thout being
affected by the 15 grating pitch and grating warp of the scale.
Further, according to exposure apparatus 100 of the enbodinment, for
the rel ative HRIVEHRATIANSRE 1 19ENPD iandiAataed iy igrating mich dis X
irradiated fromjl inatpon system 10 to, wafer Wyia reticle R

proj ecti on optitHt ggglétoéml"%z P’E\éa"Fﬂer\ﬁtfegr Q1 1m&Sn° ESRteoPPeR o rected

accurately drj t age WBT on. whi.ch. wafer, Wi s _nmounted, based
on the maasurB ngﬁlfev@%g{aﬁgglg e e%?l?rhelner?gén(?erlgndegg?sse%lJa%%féf,s en

on stage-posii4 Qr- abhti-But ah! & @ fHeCRELEEI KR i NQNRLI O Ofe aGh &
nf or mat 1 on of t%e

of the encoders in accordance wth position i

waf er stage idyddve: - MEASHE £8RAsdi tREtdAhkatlhes 4F B Rlde70B and
measurenent, and on correction information of grating pitch and
correction i nfldr reatd ctheofsagud chd ivres rafsidaah obdfaitrfer sedresneasuring an
Accordingly, a pattern of reticle Rcan be formed on the wafer with

hi gh accur acyldsplscaratiing ekdiosinactli3tn grattivey)l inwiah iivealsiemcoder
exposure method. Further, according to the enbodi nent, when acquiring
st age- posi t i o)+ but abl e-error correction i nformation of the

measur enent val ue qQf the ,enc_]fder, mai n_controller 20 5 changes the

attitude of wafer STAGEWSEMs HIpParatdqy "or carriernt<at triadiesired
o0 Ve Rouat et A%, YET A0SCELBD « AHCOPHL U P BB
of the encodefrAL1&PFRGCIHL Gelative motion between the head and the scale
in directions other than a direction to be measured
(measurement direction), without being affected by the
unevenness of the scale, and without being affected by the
15 grating pitch and grating warp of the scale.

Further, according to exposure apparatus 100 of the
embodiment, for the relative movement of wafer W and
illumination light IL, which is irradiated from illumination
system 10 to wafer W via reticle R, projection optical system

20 PL and water Lg, main controller 20 accurately drives wafer
stage WST on which wafer W is mounted, based on the measurement
values of each of the encoders described above, on
stage-position-attributable-error correction information of
each of the encoders in accordance with position information

25 of the wafer stage in the non-measurement direction at the
time of the measurement, and on correction information of
grating pitch and correction information of grid lines of each
of the scales. Accordingly, a pattern of reticle R can be

formed on the wafer with high accuracy by scanning exposure



area of scale 39Y1, 39Y2, 39Xl or 39X2 in a state where the 10
attitude of wafer stage WST is naintai ned based on the neasurenent
results of interferonmeter system 118 with respect to each attitude,
and perforns the sanpling of the measurenment results of the encoder
during the novenent. Wth this operationgzgwith respect to each
attitude, variation 15 information of the measurenent val ues of the
encoder in accordance with the position in a direction (the Z-axis

di rection) orihdgumal iqwlid hiduneys hen peepeswfe visgtdrodt age WST  (e. g.

the error characteristic curve as_shown in the graph of FIG 12) is
obt ai ned. 20 Then, Tt ContdsIAH D httihLrRtiaanton Whforaritigning
of the nmeasurenent value of the encoder in accordance wth osition
Cht or mat s on T IH oL R VAT T R LT Hede GO TBRE L o 1 BEBTOREL ) of
performing a {Edeles gl find CUPHIALL PN baseto M. the, SaMBLing, 1 1er 20
results, that is, e variation 1nfornati on 25 of’ the heasur enent

val ues of st heclelicqdertid Accordancsr Wid fer thea OSidt on, of wafel1 SERaer

WST in the Z-axis direction with respect to each attitude.

Accordi ngly, disfBgeemnosidtiairdld,r bhdt ableseld Bér GHARCWSANin the Z-axis
information for correcting the neasurenent error of the encoder

caused 131 blindmti@l dtri wepckderge rofineheshealleangngderisthd e dtradikeing
non- neasur enent direction can be decided in a sinple nethod. Further,
in the enbodid@atecthonhel dusérondiasst péct oh ofi Hioemarden s aduriaddd c
with respect to a plurality of heads 5 that constitute the sanme head
unit, for exdpi®,Ch $akai I3 0PN 2heddd: 6 thlte dénst iSt@te wogge the
t he

it 52y e SSERLion L ol s ioadhaen amench. beag o8 Lo

above'descriQﬁggsurement results of interferometer system 118 with respect
to each attitude, and performs the sampling of the measurement
results of the encoder during the movement. With this
operation, with respect to each attitude, wvariation

15 information of the measurement values of the encoder in
accordance with the position in a direction (the Z-axis
direction) orthogonal to the moving plane of wafer stage WST
(e.g. the error characteristic curve as shown in the graph
of FIG. 12) is obtained.

20 Then, main controller 20 cbtains correction information
of the measurement value of the encoder in accordance with
position information of wafer stage WST in the non-measurement
direction, by performing a predetermined computation based
on the sampling results, that is, the variation information

25 of the measurement values of the encoder in accordance with
the position of wafer stage WST in the Z-axis direction with
respect to each attitude. Accordingly,
stage-position-attributable~error correction information

for correcting the measurement error of the encoder caused



sanpling of neasurenent results of the encoder, and then based 10 on
the sanpling results, the stage-position-attributable-error
correction information of each encoder that is constituted by each Y
head 64 and Y scale 39Y1 is decided. Therefore, as a consequence, a
geonetric error that occurs due to gradiignt of the head is al so
corrected. 15 In other words, when obtaining the correction
information for a plurality of encoders that correspond to the sane
scal e, main Ronthd| Felabbvebtkamge cof ridet i loprd nied nelt¢ oscate aln the
subj ect encoder, taking into consideration a geonetric error_that

occurs due td'YraFERCOrCR hl R 18D CRE Banfectdemddder Siehe Jiethod.
waf er stage WST is Etﬁorvtq,ge in.,the Z-axis direction. . Accordi

d | i .
the enbodinent, a cosine e ror %Pﬁa?wgd{ﬂ%%%'d W, T Féﬁgn{]ﬁeé’?%%eg%qlon
angl es of a pluFralily; o 1@%%1?‘%%? ﬂcﬁg"xe(rf(é%g%ct ggr%gﬁi%ﬁg%#geofe}?eeads

a neasurenent error occurs In the enco et

optical charagi£f icdias taftd hech8afle (Bagh B 1aS 8! BRERPIECT Y1 8N ty
if gradient of Y head 64 does not occur, occurrence of the

measur ement esf arheads®! phevendest i ante Hdwer ahoteszRducliboBctDon 1ight
position control accuracy of wafer stage WST can be prevented, by
simlarly obtis mirnpdisted dmectdaarh iYnheedatidoho Thatsimse spedci@ic area
embodi ment, wafer 132 stage WST is driven so that the neasurenent
error of the ®heEpdEEsrepsiambecale HYY dardimenirrmebbewiiave-described
(hereinafter, also, referred to as the head-attributable error

conpensat ed. S3HE} dihCLITSA S LRI b F St EcP & hinst PREOFRY oranist F%ﬂﬁh%ased

the 5 he uni e. d._includin adient of the head, and/or optical
char act e??stirgcrgs)%hef‘ %a@n%m er,gsé"g]ii?se’ctt?r}b% i nformation of the

measurement vglues ofs 1h6, encoder, SySi£m IRy, be comuted | L £5885008n o

Enbodi ment >>
each encoder that is constituted by each Y head 64 and Y scale

39Y; is decided. Therefore, as a consequence, a geometric
error that occurs due to gradient of the head is also corrected.
15 1In other words, when obtaining the correction information for
a plurality of encoders that correspond to the same scale,
main controller 20 obtains correction information of a subject
encoder, taking into consideration a geometric error that
occurs due to gradient of the head of the subject encoder when
20 wafer stage WST is moved in the Z-axis direction. Accordingly,
in the embodiment, a cosine error that is caused by different
gradient angles of a plurality of heads does not occur.
Further, in the case a measurement error occurs in the encoder
due to, for example, optical characteristics of the head (such
25 as telecentricity) even if gradient of Y head 64 does not occur,
occurrence of the measurement error can be prevented, and
therefore reduction in position control accuracy of wafer
stage WST can be prevented, by similarly obtaining the

correction information. That is, in the embodiment, wafer



Next, a second enbodi nent of the present invention will 10 be
described with reference to FIGS. 32 to 34. The second enbodinent is
different fromthe first enbodi nent described above, only in the
operation perfornmed when correction information of grating pitch and
correction information of warp of grid hgpes of the scales are
acquired, and the 15 configuration of the apparatus and ot her
operations are simlar to those of the first enbodi nent.

Accor di ngl y, &trge §ETfier dAt venisa that Itheaneeseremeat Barow oHeheiancager
acqui sition operation of acquiring caorrection information of grating
pitch of the WEER CHRFTIH G &R i OiF it it Hon(RAT et Rt chi st

grid lines (warp of grid_|lines),of .the X.scale.-wil]l_ be described.

Refl ection  SUTTHEEEI A 6 KOBUNBAST 8 b1 BRCP ARSI SHFaRb, 1T Gromiraises
of sinplificgids: t q%§.p.0 i , 2 IRl ntro

20 reads the %ﬁ%ﬁﬁ%lcg’ 2 %%n‘%:éi%}}\agézéﬁ%@gji%a% 332?\%%}%%&%% 3 She
unevenness ofhebSaake (359.\/?1; inﬁ:ﬁ%d&%?‘@ﬁ&&iéﬁ*& Jeupgd iR Z=ER4 (%) dddtcal
denotes the unevenness of Y scale 39Y2, the nmathematical function
z=g1 (x) thatcrdenottesidthe-snevernesampl e X oot t3IDfl i nddmkReon of the
mat hemati cal function z=g2 (x) that denotes the unevenness of X

scal e 39X2, wEachitesnaentl 38 LibsemActhe reatcode adssiosn amly storauputed.
menory 34, into the internal menory. Next, main controller 20 noves
waf er stage WBT, fSr<SesensplEabgdimend>PY direction indicated by an
arrow Fin FIG 5. 32, for exanple, within the effective stroke

range, with the med$dtenBni®RIMLETOPRTSHePF dritirBEer S1261 BEF AL P17 Xed |
(2,2 oP! et S yalate, ) A bl subere Al e HACH 9 AU ony
embodiment is different from the first embodiment described
above, only in the operation performed when correction
information of grating pitch énd correction information of
warp of grid lines of the scales are acquired, and the
15 configuration of the apparatus and other operations are
similar to those of the first embodiment. Accordingly, the
different point will be described below.
Herein, an acquisition operation of acquiring
correction information of grating pitch of the Y scale and
20 correction information of deformation of grid lines (warp of
grid lines) of the X scale will be described. Reflection
surface 17b is assumed to be an ideal plane, for the sake of
simplification of the description.
First of all, main controller 20 reads the mathematical
25 function z=£f; (y) that denotes the unevenness of Y scale 39Y,,
the mathematical function z=f;(y) that denotes the unevenness
of ¥ scale 39Y;, the mathematical function z=g; (x) that denctes
the unevenness of X scale 39¥;, and the mathematical function

z=g2 (X} that denotes the unevenness of X scale 39%,, which have



zero based on the neasurenent values of Y interferometer 16 10 and Z
interf erometers 43A and 43B. During the novenment, while correcting

t he nmeasurenent value of Y head 64 indicated by being circled in

FIG 32 that faces Y scale 39Y1 and is located at a distance "a" in
the +X direction fromstraight line LV (@¥3linear encoder 70A) and

t he measurenment val ue of Y head 15 64 indicated by being circled in
FIG 32 that faces Y scale 39Y2 and is |located at a distance "b" in
the -X direct??RP faeiined alyradvanee (and wieredriemadgery A0) niadghe
the mat hematical functions z=fl(y) and z=f2(y) respectively, main
control ler 2 %E?J%Ttrﬁ‘:é“?@%sur ement val ues after the correction and

the 20 nmeasurenent val.ues of Y interfero er 16 (to. be re
accurate, the neasﬁ/uerxetrfer{%alvnalCuoergc%?llr%agér eent® %aﬁ%r %%&“%Z)for

nto - the integngl: JENDr vt or gdeLer mpeth sAIR ing,) Atetyals. pNextere.

after novi ng wafer stage a predeterm ne int

directionsbased et BeamRasur RIreRtnvehe e £ 22 10fveX sthlodlef ehARRt efidiRGhe
mai n controller 20 stops wafer stage WST at a position (the position

shown in Fl Gna&undnatt ved blie f agel Wer feasheseafl1es heing fvetd o a
predeterm ned distance in the -Y direction indicated by an arrow F
in FIG 32 basesterrnirediwadueenemie vohue wifere ahl erltfeepdtrehéngkbuount,
134 Then, main controller 20 noves wafer stage WST, for exanple, in
the +Y direct®h 1 @y tarpng rigve VAWl QOS5 leddiptigied at
within the effective stroke rapﬂge, with the _nmeasurenent value of X

i nt er f er onet AR PIRGEhGT iLREIMEG SHTENSREJEREPRFNEE Y at e T TR ALt ag 16
where th

ther o {h5pP G0 PSR L 18 h A 18 O S P B S
based on the . BASU EIBNMLY HAUES Umantd VLS R 8{c 4P A fiicated by
being circled in FIG. 32 that faces Y scale 39Y; and is located
at a distance “a” in the +X direction from straight line LV
(Y linear encoder 70A) and the measurement value of ¥ head
15 64 indicated by being circled in FIG. 32 that faces Y scale
39Y; and is located at a distance “b” in the -X direction from
straight line LV (Y linear encoder 70C) using the mathematical
functions z=f;(y} and z=f,(y) respectively, main controller
20 loads the measurement values after the correction and the
20 measurement values of Y interferometer 16 (to bemore accurate,
the measurement values of measurement beams B4; and B4,) into
the internal memory at predetermined sampling intervals.
Next, after moving wafer stage WST a predetermined
distance in the +X direction based on the measurement value
25 of X interferometer 126, main controller 20 stops wafer stage
WST at a position (the position shown in FIG. 33) which wafer
stage WST reaches after being moved a predetermined distance
in the -Y direction indicated by an arrow F’ in FIG. 32 based

on the measurement value of ¥ interferometer 16.



interferoneters 43A and 43B. During the novenent, while 10 correcting
t he measurement value of Y head 64 indicated by being circled in

FIG 33 that faces Y scale 39Y1 and is |ocated at a distance "b" in
the +X direction fromstraight line LV (Y |linear encoder 70A) and

t he neasurenent value of Y head 64 indigaised by being circled in

FIG 33 that faces Y scale 15 39Y2 and is |located at a di stance "a"
inthe -X direction from straight line LV (Y |inear encoder 700

usi ng the mat hemat iTe®Wn, fgiat iy oaflqry )2 Gmbves Naber afparnt (WAl ,y for
main controller 20 |oads, the measurenent, val ues after the correction
and the nmeastFEMRIR: Vdt (b€ oF d(l%%%%%rmfﬂe%@t%km@nbérﬁﬁWeF in FIG.

st "2 e JSESEITL (PLAE S I AT B0 B
However, singg, %}Eﬁ '%é)f Y)beﬁg_s c?nétbeer %é%oerlq{ Jt%«ed to a
a nOMﬂ or na .

systen1are alre correction |n cor

map) of 9531'ﬁEbd&ﬂé%the&Qﬁ@ﬁkﬁ51§%¥%t%%@ wgéréqx%eﬁéﬁcﬁgng amount and
i ndependent|y obtained by setting up the simultaneous equation using

the sanpling tkad wesltihgtadave: beema igtiaimadatzdheanbare: desehhetdunt
two operations and solving the sinultaneous equation. Incidentally,

in the usual icaseuisrismedfdiecieon sumade d8Soddiblis adedon dead

pl ane, the unevenness (bending) of the reflection surface is

measur ed and RRHRFEENGH daalieof ahe! Ieirl Frjrdme bt al heand £ advance.
Then, on the above-described novenent_of wafer stage WST in the +Y
direction shoWHFSHEHIRSt S A PS, 43f er D8rage BT RaycEERGr at'Biye

b d h b waf T |
i T oot | oR i T m e T o A BRI o et SISE b SR ikt DY
on the corr %ﬂr@cﬁ@bﬁe'dnfﬁ%%.O§3fﬂﬁ(éﬂ1%atcgg {TES%%H_V e%?g a\ﬁ?il i‘g l%fcated

at a distance “b” in the +X direction from straight line LV

(Y linear encoder 70A) and the measurement value of Y head
64 indicated by being circled in FIG. 33 that faces Y scale

15 39Y; and is located at a distance “a” in the -X direction from
straight line LV (Y linear encoder 70C) using the mathematical
functions z=£f,(y) and z=f;(y) respectively, main controller
20 loads the measurement values after the correction and the
measurement values of Y interferometer 16 (to bemore accurate,

20 the measurement values of measurement beams B4; and B4,) into
the internal memory at predetermined sampling intervals.

However, since the positions of Y heads 64 in the XY

coordinate system are already known, correction information
{e.g. correction map) of grating pitch of Y scales 38Y; and

25 39Y; can be independently obtained by setting up the
simultaneous equation using the sampling values that have been
obtained in the above-described two operations and solving
the simultaneous equation.

Incidentally, in the usual case where reflection surface



Xinterferometer 126 to a predeterm ned value. 10 As is described
above, after obtaining the correction information (e. g. correction
map) of grating pitch of Y scales 39Y1 and 39Y2 respectively, main
controller 20 noves wafer stage WST in the +Y direction as is shown
in FIG 34, in the simlar procedures te3gthose in the case of FIG

32 or the like 15 described above. In this case, as in the case of
acquiring correction information (e.g. correction map) of grating
pitch of Y skdbess 3 ahd Sk phane mddsuremsnneas dfending) of the

i nterferoneter 6 and X heads 66 indicate egﬁﬂbeiQ%aCiIC|ed in FIG
34 that face 3eScEfleCBBAr 3’9‘5(2“‘?%%‘b‘é§5§i VeI aptdaimghithe
and t herefor t he influence of .the . apparent awi_ng,_anmoynt of . waf er.
ohage et Charerldind Xs RS Sk SR BRRE o1 or Er RO A Gty 1 Ebeq

fluctuations rﬂévérﬁ&gﬂl%dwéﬁe}_ S adP RS SR ¥§|<§’8§ec9éi h g@@ ngg FIcs.

that face X scales 39X1 and 3 respectively (X enco

70D), as an e37 ghd2ds (herernafdfs wsehel) b¥cieheEnodhd Ro@8d@n the Y-axis
yawi ng-attributable error) In the second enbodi nent, however, the

apparent yavdingeanmmbydrsclhbed: 8do\et aofe Wafetn sttageyWhilrébdoioh svhile
nmeasured by the interferoneter due to air fluctuations can be
measur ed usi mprtp@Eikingf dhéebdsobidiondichtvef dy duigry WG basiad|ed the
in FIG 34 that face Y scales 39Y1 and 39Y2 respectively (Y encoders
70A and 700) Cormmpgtian diia dnvrsadtdhd iHan T din mesduranait tweglue of
pair of Y engpders 70A and 70C using the orrection information of
grating pi tcﬁ’golfntﬁe%'g%q%%etﬁﬁfll%%dt% %W?qc AR pER bt ai ned i n

advance, in contr] l.er .20 _can ,obtain the a rent_yaw anpunt . .
descri becjziagbove of A\/?/al‘lesr d_eg’fzgégeﬁﬁ‘ggg%éda&e E(gb%%ﬂﬁ DY A e s _ eLon
the correcti o @f pdthe PRk gOf o FACOASE Haf9 o A 219Gy JPEBn By Scales

controller 20
39Y, and 39Y; respectively, main controller 20 moves wafer

stage WST in the +Y direction as is shown in FIG. 34, in the
similar procedures to those in the case of FIG. 32 or the like

15 described above. In this case, as in the case of acquiring
correction information {(e.g. correction map) of grating pitch
of Y scales 38Y; and 39Y;, the measurement axes of X
interferometer 126 and X heads 66 indicated by being circled
in FIG. 34 that face X scales 39X; and 39X; respectively are

20 not ccoaxial, and therefore, the influence of the apparent
yawing amount of wafer stage WST that is measured by the
interferometer due to air fluctuations is included in the
measurement values of X heads 66 that face X scales 39¥; and
39X, respectively (X encoders 70B and 70D), as an error

25 {hereinafter, shortly referred to as a yawing-attributable
error). In the second embodiment, however, the apparent
yawing amount described above of wafer stage WST that is
measured by the interferometer due to air fluctuations can

be measured using a pair of Y heads 64 indicated by being



can correct the yawi ng-attributable error described above 10 using

t he apparent yawi ng anount that has been obtained in the manner

descri bed above. Wile correcting the yawing-attributable error as is
descri bed above during the novenent of the wafer stage WST in the +Y
direction, main controller 20 sequential hgsl oads 15 the count val ues
(the neasurenment values of X linear encoders 70B and 70D) , which

are obtained froma plurality of X heads 66 of head units 62B and

62D that are @beeked ial TG p|3éc1éléia‘¢ ée‘lncﬁng sxadesl QY RaXE I Bmpectively
according to ihe m)verren% into % internal neppry at predeterm ned
sanpl i ng i nt et¥&PSOIFREN! O% T0r Othe sTRRY &S/ r8hsbR qFqasd1ng the count

above-descri bedl reaso

i 0. con Il er 0 aI obt correcti
i nfor mati on of>" det of maft rPWérﬁ %fe%?? @‘\‘ ‘? CsLé ttfkéef |y
face the pI @%féé’tﬂ;n ﬁﬁ%ﬁ%n l23)5‘:‘ ??5‘:955}%9t§ﬁ%f3f s%%&.e5539"f1 and

processing of, for exanple, averaging rmn

averaglngsof)agﬂpt@g&nhaw&lBgénlegegﬁnéa iHeaﬁﬁéﬁé@ahnﬁﬁﬁmﬁéhtroller 20
Further, also in the case of obtaining the correction information

(e.g. correctcanobap)nofhghaidareny {ahind aoschl 88sc3Ndanba3EY3f wafer
and/ or the correction information of deformation (warp) of grid

lines 37 by dvrtadegiSlafersest age tWSTcbnnthealYed3aftdirelheiomrection of
indicated by arrow F' in FIGS. 32, 33, and 34 taking into

consi der at i orFhh@ads: efl ¥ eanaeds it JOA anflf 106 enddienyhmaipr oertsoller 20

simlar to the process descrl bed, above shoul d be perforned., 5
Meanwhi | e, vwf‘eEHPa%Eﬁ‘?% kﬁﬁhev%lr%aﬁ%%@%ﬂ%ﬁwmdewwwq%ve

oftheg dI es( rpofth r|dI|ne f ales Q .
the gr at| ng pl{l ?haepgé S nam Qct t(ﬂaf 1t o ajtpheed 0

sanme process @Hé'ﬂhﬁﬁgicagghrlbed above.

While correcting the yawing-attributable error as is
described above during the movement of the wafer stage WST
in the +Y direction, main controller 20 sequentially loads

15 the count values (the measurement values of X linear encoders
70B and 70D), which are obtained from a plurality of X heads
66 of head units 62B and 62D that are sequentially placed facing
X scales 39X; and 39¥%; according to the movement, into the
internal memory at predetermined sampling intervals. Then,

20 for the similar reason to the above-described reason, main
controller 20 alsc cbtains correction infeormation of
deformation (warp) of grid lines 37 that sequentially face
the plurality of X heads 66, by performing statistical
processing of, for example, averaging (or performing weighed

25 averaging of} the count values loaded in the internal memory.

Further, also in the case of obtaining the correction
information (e.g. correction map) of grating pitch of ¥ scales
39Y, and 39Y; and/or the correction information of deformation

(warp) of grid lines 37 by driving wafer stage WST in the -Y



descri bed above, with the X-axis direction and the Y-axis 10
direction interchanged. Details on such processing will be omtted.
Si nce each scale (diffraction grating) has a width, the correction
information of the grating pitch can be acquired, for exanple, by
obtaining the correction informati on 15 descri bed above al ong three
lines in the width direction, on the right, left, and in the center,
and when the correction |nfornat|on of the grid I|ne warp i

acqui red, a gHIEGEIRN i0gd cpé edehy esaivatl vl ¥ I8%os A, ahtr latﬂ§1 #arpking
can be rreasured Thi s, eems to be refegible fromthe vjewoint of

accuracy 20 FHe WM& att)?'c’nl hehECsERdnE%ehBotPheft T thet ottre, the
control operatjo Maj N control I er 20 an the co ratl on
t he appar at u?foa%essmsnjt 2% o q tohsee BieTHe d(; 5&?3%%%4 A

above. Accor didird.Qud e exposure appar at us reI at ed to the 25 second
enbodi ment deéescribed so far, the effects equivalent to those of the

first embegdi ment d@e@ﬂmﬁqea,bwen%tmeu@otee mr@ﬂ&eﬁhﬂe%maewﬁef

waf er stage WST does not always have to be noved at an extrenely | ow
speed when aabpfigrimg: idre ofcoheegtidrlimfor matposf afhgratiidngipek¢hobfthe
the scales and/or 138 the correction information of deformation of
the grid Iinés sqaderp afd tdle tgre dptdtnies) wiftetheoSdalesy ddwles, main
acquisition operation of the correction information can be perforned
in a short pEMEPeRidfe. p@ﬂ@r@t&teﬁheawayne iRFQaRSs ofS tife the case
enbodi nents d scrl ed aliiove correctiaon i nforpation of grating pitch

of the diffr AIHG 1t s HES i S 16 DU Ued S of 1S
2Cgfgsr;fﬂgnqdlfgaf¥e 1&%% Qﬁﬁ%&ﬁ' Cgu%aglgyohhguéhE%é%%%%égnér%lll be
cmitted.

Since each scale (diffraction grating) has a width, the
correction information of the grating pitch can be acquired,
for example, by obtaining the correction information

15 described above along three lines in the width direction, on
the right, left, and in the center, and when the correction
information of the grid line warp is acquired, a grid line
can be representatively chosen and its warp can be measured.
This seems to be preferable, from the viewpoint of accuracy

20 and workability.

In the second embodiment, the other control operations
of main controller 20 and the configuration of the apparatus
are similar to those of the first embodiment described above.

According to the exposure apparatus related to the

25 second embodiment described so far, the effects equivalent
to those of the first embodiment described above can be
obtained, and besides, since wafer stage WST does not always

have to be moved at an extremely low speed when acquiring the

correction information of grating pitch of the scales and/or



corrected. However, the present invention is not limted 10 thereto,
and wafer stage WST may al so be driven in a nmeasurenent direction of
an encoder based on information on the flatness of a scale and the
measur enent val ue of the encoder, independently of acquisition of
the correction information of grating pigeh of the diffraction
grating that the scale 15 has. That is, when driving wafer stage WST
in the Y-axis_ direction or the X-axis direction, the neasurenent

val ue of théehe é?ﬂ?%ﬁ%?tl&n tlﬁ@@(ﬂ@ﬁééﬂbpfnﬁ9far@atb@nc@#r%% & Hadddres
i t he X-scal e.

i f |
oh s o D P T Mg Ot o e A e K s 1ion
of the enCOd r%‘%er 1(%(?”0% Sch%”%o‘i:?:ect&?. fnl ?E@S%ﬁa%f R}xhgan er]_o??formed in

corrected. Fu exa cases suc

flat ness of tahesw ?élslg@v&fapin@e t he measurenent error of the
encoder that occurs e to a grating formation error of the scale

(e.g.. incbudi ng pi tgltieldrata1and/ oh «2Zhdef @heBdiiy Gletid dekbR€Be@labove,
the like) may only be corrected as the scale-attributable error. In

this case, theftatiniess ioffdimstsical eod netatdiesy noittanlof e diffraction
unevenness but also the inclination of the surface of the scale.

That is, evergudtiretyrstd sgaser hasd ototire decabedhes thag amém'r@ment
fI at ness degree, in the case the scale itself inclines,

nmeasur enent &G & dhe fncodss gersesr Pyr Fhef f%ﬁ@%ﬁ%o@%rth%c‘%ﬁﬁfl@ is

due to the inclinatio n each of the enbodi nents, .descgri be hovy
such a scal e-&tTSHR blbogﬁﬁgF c &R CaPEESFa s Ly ersdPog 1S 2%t 13%%eq

Incidentaply., %tgﬂd%far ff %Q%«s@!ﬂ 5{(%%00:9%8&%[]?%{ ot‘?eoa%t reetmoent

the fl athness g{nc udi Ag |nc i3 hé “sca

manuf act uri ngy eFd i o et Bar enb@d@f%@éd the iaredirertscHests ibef ness

above, the
of a scale and the measurement value of the encoder,

independently of acquisition of the correction information
of grating pitch of the diffraction grating that the scale

15 has. That is, when driving wafer stage WST in the Y-axis
direction or the X-axis direction, the measurement value of
the Y encoder or the X encoder may alsoc be corrected based
on information on the flatness of the Y scale or the X-scale.
In this case, as the scale-attributable error, the measurement

20 erxor cf the encoder that occurs due to the flatness of the
scale is corrected. Further, for example, in the cases such
as when the flatness of the scale is favorable, the measurement
error of the encoder that occurs due to a grating formation
error of the scale (e.g. including pitch error and/or

25 deformation of grid lines or the like) may only be corrected
as the scale-attributable error.

In this case, the flatness of the scale includes not only

the unevenness but also the inclination of the surface of the

scale. That is, even if the grating surface of the scale has



case has been described where main controller 20 perforns 10

novenent control of wafer stage WST in the Y-axis direction or the
X-axis direction using Y linear encoders 70A and 70C or X |inear
encoders 70B and 70D while correcting the neasurenent val ues of the
encoders that are obtained fromthe head3sgnits based on the

correction information of grating pitch, 15 the correction

information of deformation (warp) of the grid Ilines, and the .

st age- posi t i om&tigtpttaEBIS ArarceorFeERRoIRSS AhBrIRR DAt BRI EriTsdd nes,
above, but theggresent invention is not |limted thereto, For

exanpl e, in thBSEIYEPRETPOST T o G- R PAAGd VBTTPE) nthBISEpder
usi ng one Y head (Or X h@c??é@%%r?@ir?a%i&?' eg%_ %fat%hegggc&ée%c lrogi)ri’ments

for exanple, correction "o € Stage-positi

descri bed abqyg;do8seq %%v@,m@ﬁghgévsg?%%—g%th{ﬂéﬁ% e'%lifv?ﬁq&{"g%naéis@%e

error amount of grating pitch o I on grating,

scal e hass thadriscitausedndy deh@a13%,f kaleness Bf crh@rSed @HeS grating
remarkably | arger than an error anount of grating pitch of theé

di ffracti on gratimng caaused by let her théaflotses€ofIeeludimd nfrafinBidtaon)
of grating pitch (e.g. correction map) does not need to be obtained

i n advance, afd tivhescald iuly aledertstidye WMB8TUaT BXposreroyr t he

| i ke, position 140 information of wafer stage WST in a predeterm ned

direction (the Y-a&¥E-hgitretticmshoptitthe sohrdsnantedtass)ihagyabeve, the
nmeasured using the encoder, and based on the neasurenent val ue and

i nf or mati on cﬁfqﬁ%}%ﬁ ?%ésdeo?fcﬁlr@iég}ee‘fe R &t qurgg@%lf n?eé/ BE P rms
driven insth rm di reection. Furth t he sur.enment ,
val ue ofﬂPhe%gﬁ%%%%%?ﬁ%%ﬂgggb fgwggFFegFgaeugéﬁglnt?&§n¥iaXls direction

stage- posi ti Off: lfd LA 85 26ERN SEOLEERL! ON1 1 ABL LT ERLLAE:L Mon and Toc

position Iinftormation O er
or X linear encoders 70B and 70D while correcting the
measurement values of the encoders that are obtained from the
head units based on the correction information of grating pitch,

15 the correction information of deformation {(warp) of the grid
lines, and the stage-position-attributable-error correction
information described above, but the present invention is not
limited thereto. For example, in the case the position of
wafer stage WST is controlled using one Y head (or ¥ head)

20 and a single Y scale (or X scale}, for example, correction
of the stage-position-attributable error described above does
not always have to be performed.

Further, if an error amount of grating pitch of a

diffraction grating, which a scale has, that is caused by the

25 flatness of the scale is remarkably larger than an error amount
of grating pitch of the diffraction grating caused by other
factors, correction information of grating pitch (e.q.

correction map) does not need to be obtained in advance, and

when driving wafer stage WST on exposure or the 1ike, position



stage WST in a non-neasurenent direction neasured by 10

interferoneter system 118 on this driving. Incidentally, in each of

t he enbodi nents descri bed above, the stage-position-attributable

error and the head-attributable error do not al ways have to be
corrected sinultaneously, but may be conmected individually. 15
Further, in each of the enbodi nents descri bed above, the case has
been descrlbed where the acquisition of unevenness infornmation of

each scal e i sLpEP¥RRRen & MR fidte st@dce¥§Bndnng Preedetrrmined diwrection
pr esent |nvenélon is not |[imted theretg and the flatness

(unevenness) ?h%ékﬁ”%ﬁb?%r%%§l%P§%fEﬁeﬁ%égﬁﬁéﬁl?BCEéPﬂbn&ﬁbpﬁé?easured

measur enent vi ce t,hat |s aratg fromthe . encoder. |ncident

in each of the enbodi Ment e describedabove’” Fior TS Soresy Ve hd Yana
sinplificati %%rxﬁé‘@l&??ﬁ{ 'tﬁte' ggatﬁ@ég ofC(EﬂU Q&é? %pafu%]ts%a%%nﬁéf’lmay

respective constituents exposure apparatu

stage systempbd heriddu erd eir@émﬁg@édéﬁ/éf@m@@ddif@c@m@dewu%tﬁe%m it
the present inventionis not Timted thereto, and it goes W t hout

sayi ng that mdadwesteparialofe bifetBboygesl@sembed 1cenbeotopesdosdmting
by main controller 20 nmay be shared and perforned by a plurality 141

of control |l erthe Foragexanps & 1 en-siibgel lwombltterrehatopesdorom  t he
control of wafer stage WST and the |ike based on the measurenent

val ues of thé%ﬁ&l@%ﬁrl@é{%ﬁpwﬁéam%ﬁ%@ﬂ@%ﬂd:lqméniﬁmﬁfcép@n@férafer

system may be arranged under the control 5 of, main controller
Furt her, the %ttﬁﬂfe cw&Jl%ﬁ?wurw%r%aew%.mﬁw%mér 20

does not é&éﬁgéﬁ% re e $ N dmar but it may be
real i zed” |n so Vir e- é% é? %Y&H sets an

operation of ”a'n(%Hgldgdfglly,lneachcﬂftheembodlmentsdescrlbedabove,
the stage-position-attributable error and the
head-attributable error do not always have to be corrected
simultanecusly, but may be corrected individually.

15 Further, in each of the embodiments described above, the
case has been described where the acquisition of unevenness
information of each scale is performed using the corresponding
encoder, but the present invention is not limited thereto and
the flatness (unevenness) of each scale may also be measured

20 using another measurement device that is separate from the
encoder.

Incidentally, in each of the embodiments described above,
for the sake of simplification of the description, main
controller 20 is to control respective constituents of the

25 exposure apparatus, such as the stage system, the
interferometer system and the encoder system, but the present
invention is not limited thereto, and it goes without saying
that at least part of the above-described control performed

by main controller 20 may be shared and performed by a plurality



20 or each of several controllers that share and performthe 10
control as is described above. Incidentally, the configuration and

the placenent of the encoder system the interferoneter system the
mul ti point AF systemand the Z sensors in each of the enbodi nents

are nerely exanples, and it goes w thouttasayi ng that the present
invention 15 is not limted to them For exanple, in each of the

enbodi nents above, the case has been exenplified where a pair of Y
scal es 39Y1 @n@°BIY2LlEeEd - f oFOF KEavPALi s2 ditRreetGUH posiay shat performs

neasur ement d a ir of scal es 39X1 and 39X2 used for  the X-axis
di rection pogﬁf? o"rfg)rﬁé%lur%ﬁe"i‘ﬂ & SHIathel I vidterl D teisied B, the
and so as torgorres onq:to then‘fﬁt air head %nits 62A and 62C

er

f
are placed on ohe s de - arycfl]tlhees ot esFB§°d8F PHe ?I-naxiﬂ&e rectTon oafndl
. . Ccal . h .
projection optyLal, egfaé%‘tt%;%&s%e?@h%aloge £a %H@?&Sm@g%?{e}g? Rt rol

are placed on one side an her side of t axi s ion of
projectiop opdf emlin?eof¥ebemePloo HowRMahed, h@HRI £56RE-HBYEPIHOA dchtrol
not limted to this, and only one scale of at |least either pair of Y
scal es  39Y1 @ ANEH floy méaxi Sorth FECld OP Pakidd aibtreaSu e EvertX be
scal es 39X1 and 39X2 for X-axis direction position neasurenent may

be arranged atemlezewby hapdiwvaseprbwiafiermaalide réBiBized 1dZofdmareone se
head unit of at least either pair of head units 62A and 62C or head
units 62B and%2FIwBPIIRr BEPaRgRd-hFuFERERN oPREAFILPRQT BALN PRI Ler
the scal es are arranged extending and the directiop in which the

head units aﬁg)éFfﬁﬁggdogx?%%%¥% OTHTO rqiﬁ%aﬁéﬁgFSeo??ﬂdﬂ%%%@rm the
directio S the X-axis _directi,on and the Y-axis direction as
in each g? tﬁcg&ltalsrﬁ)lod_’llsrreln% sé%sb%%%}?ecgu‘%boo‘ﬁ?y have to be directions

that intersect ea%c@c{ﬂé‘?{talﬁ"ﬂ}'} E'ﬁé ’cotnlf‘?.g%%raitq_%incargéi rl:ﬁ%tﬂfa{kéﬁeﬁ@gf the

encoder system, the interferometer system, the multipoint AF
system and the 2 sensors in each of the embodiments are merely
examples, and it goes without saying that the present invention
15 isnot limitedto them. Forexample, ineachof the embodiments
above, the case has been exemplified where a pair of Y scales
39Y; and 39Y; used for the Y-axis direction position
measurement and a pair of X scales 39¥; and 39X, used for the
X-axis direction position measurement are arranged on wafer
20 table WTB, and so as to correspond to them, a pair of head
units 62A and 62C are placed on one side and the other side
of the X-axis direction of projection optical system PL and
a palr of head units 62B and 62D are placed on one side and
the other side of the Y-axis direction of projection optical
25 system PL. However, the present invention is not limited to
this, and only one scale of at least either pair of Y scales
39Y; and 39Y; for Y-axis direction position measurement or X
scales 39X; and 39X%; for ¥-axis direction position measurement

may be arranged alone, not in pairs on wafer table WTB, or



diffraction grating may be a direction orthogonal to (or 10
intersecting) a longitudinal direction of each scale, and in this
case, a plurality of heads of the corresponding head unit only have
to be arranged in the direction orthogonal to the periodic direction
of diffraction grating. Further, each head unit may have a plurality
of heads that are arranged 15 without clearance (s) in a direction
orthogonal to the periodic direction of the diffraction grating.

Further, in edehy 6 heaghodicneat at A alidcaseinast bead units 62A
exenplified where fhe epncoder syst is | oyed that has the

Cont L gur at§ orfih G O BegrarP b saor B (o IRYs b8l 657 S00and (TFSher,
scal es) are h er..table fer stage and. so.as to
face the gra?&%§Q§§%¥ﬁgﬁﬁlgﬁgghég un?t%é%%%$éar§ ﬁegégggﬁde%ﬁ%nq;ng and

heads) are plagediQdsids, the,Wakerq st ageq JHawevete éPfalgcgl@&eé}Etdending

invention is not limted to such an encoder system and encoder

syst em hagi ngatderonfingted! itN 022 nbBowdilChieReedehsheads & ehe X-axis
arranged on a wafer stage and so as to face the encoder heads,

t wo- di mensi ol repriaiemgand orhe tYwexii sredistomnad dry 48 aredeach of the
one-di nensi onal grating sections) are placed outside the wafer stage
may al so be empedigtents akhins, dase, omerm@s e drs dleect sl toed

on the upper surface 143 of the wafer stage, the two-dinensional
gratings (or 1RN@-IRFeRSCENAFRGT pl FuEd hso- BNACIET BRI C ghalchgon of the
sections) may, also be used as the r flectépn surfaces that reflec

the nmeasure HRATECT rOA tHY ARerors . AISDE P (e g he % }Or

d \ i h | atbon. | | d, .basically i
Che st i Eor S Qe RO o 68Tk Arn ot L SRl Sasogantaaripd tn
stage VBT can b dhiskens id} 18 5 f1eas WM £l £ € 9 ot AL QMEIn: ¢

based on the neasurenent
only have to be arranged in the direction orthogonal to the

periodic direction of diffraction grating. Further, each
head unit may have a plurality of heads that are arranged

15 without clearance(s) in a direction orthogonal to the periodic
direction of the diffraction grating.

Further, in each of the embodiments above, the case has
been exemplified where the encoder system is employed that
has the configuration in which a grating section (the X scales

20 and the Y scales) are arranged on the wafer table {(wafer stage),
and so as to face the grating section, the head units (the
X heads and the Y heads) are placed outside the wafer stage.
However, the present invention is not limited to such an
encoder system, and an encoder system having the configuration

25 in which encoder heads are arranged on a wafer stage and so
as to face the encoder heads, two-dimensional gratings (or
two-dimensionally placed one-dimensional grating sections)
are placed outside the wafer stage may also be employed. 1In

this case, when Z sensors are also placed on the upper surface



val ue of the encoder and information on the flatness of the 10 scale.
Wth this operation, wafer stage WST can be driven in a desired
direction with high accuracy using the encoder, w thout being

af fected by the unevenness of the scale. Incidentally, in each of the
enbodi nents above, rotation informationii4g the ex direction (the

pi tching amount) of wafer 15 stage WST is to be neasured by
interferoneter system 118, but the pitching amount nmay al so be

obt ai ned fromMf fiohe ef@FPT eStaghe HeRstirendienaieral Fratpws &Frz
sensors 74ij or Z sensors 76pq.. O, for exanple, one or a pair of, Z
sensor (s) is/%"f%‘djaﬂ“?%%)g%la]awg@eﬁe‘{loo%%E%l Sahedef 9 S ons)

and 62D, 20 Sr{lé;%lazlg%gteougg d lsm‘éktnés r6e el %o%zg&rﬂd tsh%hgi;t%:%%éf%ct the

anount may a tarne rom t he T1reasur ehe val ues

sensors that facs, %Sl 65394 And, A e3peetivel X1 s iH 4D Sase the

operation, position information of wafer stage WST in directions of

si x degregs adndd@edosystdatnding huch axXi Son2bgr@Xisn Zs aXhS1loRXa,

8y and 8z directions can be neasured using the encoders and the Z
sensors, W tlmaiawsihg imtetd esimeler msyséenmdlBhathen each of the
above-descri bed neasurenent of position information of wafer stage
WBT in directérdmdiplientx degreeswvatir fseagom By cde lemcddeven aiml the

Z sensors may be perfornmed 144 not only in the exposure operation,

but al so in tHMEFIYHRNCLIIGSEILN 8h HitiLoFotRe baeed orappprtpasurement

oper ati on descrj bed rlier. Further, in each of the e di ments
above, the 5 GRS FRCE roF“fjhéné:ﬁEES‘&ErlOQySPeW‘épgf?Bn%%s of the

correct e:dLO baéc?éjleon Hl%hc%ﬁgc&%%‘aéfér?r %éeq:ntsg%%%mgﬁdcaenayei gjr:awzgn in

that the neasurenent error of e encoder sys f ch™occur s

to the displaceqmni,of yBf &L 532961 WP Th{Le! ALl e &b SPLACSTBY encoder,

without being affected by the unevenness of the scale.
Incidentally, in each of the embodiments above, rotation
information in the 6x direction (the pitching amount) of wafer
15 stage WST is to be measured by interferometer system 118, but
the pitching amount may also be obtained from, for example,
the measurement values of a pair of Z sensors 74:5 or Z sensors
T6pq. Or, for example, one or a pair of Z sensor(s) is/are
arranged adjacent to each head of head units 62B and 62D,
20 similarly to head units 62A and 62C, and the pitching amount
may also be obtained from the measurement values of the Z
sensors that face X scales 39; and 39X, respectively. With
this operation, position information of wafer stage WST in
directions of six degrees of freedom, that is, the X-axis,
25 Y-axis, Z-axis, 8x, 0y and 8z directions can be measured using
the encoders and the Z sensors, without using interfercmeter
system 118. The above-described measurement of position
information of wafer stage WST in directions of six degrees

of freedom by the encoders and the Z sensors may be performed



of the head and the scale) in a direction different froma 10
predeterm ned direction in which wafer stage WST is driven, is
conpensat ed. However, the present invention is not limted thereto,
and for exanple, a target position at which the position of wafer
stage WST is set may be corrected based an4 the correction

i nformation descri bed above, while driving 15 wafer stage WST based
on the measurenent values of the encoder system O, in the exposure
operation in PRf AT &R, TGOS ORG TRALER sk MBS Basbleohl Lgmpent
exanpl e, the neasurenent al ues of the encoder system th osjtion
of reticle st%ﬁﬁfa$$ﬁnn%§d% T (0P et?eYS AR B% ?%%r%5+?%c$?gﬁrlbeg

i nformation g%&gf ri bed above. Further, in each of the enbodi nents
above, only wa stage WST is to be driven based on the neasurenent

val ues of “the encosiciyst o dQlh HANLE hem RApOS RS

' he
performed, but for exanpl'e, an encoder systemthat neasures’f%e

position 25 aled€lii&henstagaiddSha shaddhtbe8aldystad anaed capd E&tidddad
stage RST may al so be driven based on the neasurenent values of this

encoder syst evagard dnaskd anrooryisat Lodorabat it defcalised dard idoso that
position information of the reticle stage in the non-neasurenent

di rection thathe sessaaredtberrerief ah4sncodeersestoaret ethith6occurs due
Further, in each of the_enbodi nents above, the case has been

expl ai ned whete tofedt FREGCPREFAISL HPEGANEREIS JitTehrahdat iTeutt sbanseent
secondary, all UGN syst e, A, gl prec, and, b ol gnel IRCKS, o
e o) OBl LT LA 1 PSR BUSLETR. HRbeLeTar 10,
nunber of secondanyefkh@BBBN However, the present invention is not limited
thereto, and for example, a target position at which the
position of wafer stage WST 1s set may be corrected based on
the correction information described above, while driving
15 wafer stage WST based on the measurement values of the encoder
system. Or, in the exposure operation in particular, while
driving wafer sage WST based on, for example, the measurement
values of the encoder system, the position of reticle stage
RST may be corrected based on the correction information
20 described above.

Further, in each of the embodiments above, only wafer
stage WST is to be driven based on the measurement values of
the encoder system, for example, when exposure is performed,
but for example, an encoder system that measures the position

25 ofreticle stage RST is additionally arranged and reticle stage
RST may also be driven based on the measurement values of this
encoder system and based on correction information according

to position information of the reticle stage in the

non-measurement direction that is measured by reticle



systens may be any nunber. The point is that at |east one 10

al i gnment system that can detect alignnment marks on a wafer only has
to be arranged. Incidentally, in each of the enbodi nents above, the
exposure apparatus equi pped with nmeasurenment stage MST separately
fromwafer stage WST, which is simlar tasthe 15 exposure apparatus
that is disclosed in, for exanple, the panphlet of International

Publ i cati on No. WD 2005/074014 and the like, is described. The

present invemtteriesreette¥mMi%ed to this type of exposure apparatus,
but as is disclosed in, for exanple, Kokai (Japanese Unexamn ned

Pat ent Appl i cati on 2 B {8t ¢ %.tth@I?}i‘gﬁ eRhy gpve, the case has
correspondi ng U S. Patent . .6,341,Q07, .and.the papphl et of

I nt ernat i onalqoeF?urtl)lelx g]ﬁlonned %e%oﬁl %(st gﬁﬁ?ﬁjéyc%ﬁ%%%%%aiwi@%and
Pat ent No. 6, 262,798, @%g Ad 2 SO | f : e
exposur e appar at us b ic(%?oan e osufgce}l o%leﬁaétﬂo%%%d%e Srféecggfp e%cg'ntand

operations25 1€ ghmdt knhet £+ h e am al d HIMBFHmSYStEBe AR on the
executed substantially in parallel using two wafer stages, position

control of eachfewber Stageteanbehpesdqramse uSiagitheraneoder the five
system descri bed above (refer to FIG 3 and the like) . In this
case, by appraprdranesily syetteinsg t Hewplracensm sandndheyl ehjyhmddd syeftens
each head unit, position control of each wafer stage can be .
per f or ned usiHYPPRO S bade BYEdlhe deser theauabsvcoWserondarymlignment

change, not only when the exposure operation is perfornmed but al so
when the neastf I‘E?déﬁé? i%hyi@" For i8§ PBARC 5 Sadffrer thd&dsimpepe

h d dur ! | b
artanged Separ 11T Ol RERY ATt o= cHEECE HbaaHRb AT B3 AR & e
For exanpl %n:i{?pl'}{ashe@éj il o that, are placed in the cross

arrangerrent assum ng one or two
Incidentally, in each of the embodiments above, the

exposure apparatus equipped with measurement stage MST
separately from wafer stage WST, which is similar to the
15 exposure apparatus that is disclosed in, for example, the
pamphlet of International Publication No. WO 2005/074014 and
the like, is described. The present invention is not limited
to this type of exposure apparatus, but as is disclosed in,
for example, Kokai (Japanese Unexamined Patent Application
20 Publication) No. 10-214783 and the corresponding U.S. Patent
No. 6,341,007, and the pamphlet of International Publication
No. WO 98/40791 and the corresponding U.S. Patent No. 6,262, 796,
and the like, also in a twin wafer stage type exposure apparatus
in which an exposure operation and a measurement operation
25 (e.g. mark detection by an alignment system) can be executed
substantially in parallel using two wafer stages, position
contrel of each wafer stage can be performed using the encoder
system described above (refer to FIG. 3 and the 1like). In this

case, by appropriately setting the placement and the iength



al i gnnment systen(s) as its center are arranged, and position 10
informati on of each wafer stage WST nmay al so be neasured using these
head units and correspondi ng novi ng scales (62A to 62D) when the
measurenent operation is perforned. In the twin wafer stage type
exposure apparatus, at |east two noving seales are arranged on each

of two wafer stages, and when an exposure 15 operation of a wafer
nmounted on one_stage is finished, the other stage on which a next

waf er whose riif Iafdt &@aDMNdd POFd tEPRe CREFECHeBR PRFR OFHERIT attage can
neasurenent osi ti unted is aced at an, exposur e

posi ti on. p%%asr%?aameﬁem% eaﬁadera%et%e% BERbabovS without
neasurenent r arallel wth th exposure
operation is aﬁé{ %thla%%r rdB? Jﬁ’f t%@ i O Ot wafer %ﬁéjﬁrﬁormed

by an alignmait Syt %enb“&thedﬁlte%%h'r%ﬁeﬂft 5%@5:%%?0%1”;Qrﬁg}:fgilmé&evgiut

difference information) of the water may al I nstea

of the magk dﬁi@ﬂié@%éﬁd'ﬁhf@n@té@tdé}ﬂMtﬁbécﬂ]%ﬁ@iﬂfg 2 G DG1+Ment
I ncidentally, in each of the enbodinents above, the case has been

expl ai ned whergemdtlen eaghababare nephacgedestpisabei ngfrqperther neddamits
the wafer stage WST side, the Sec-BCHK (interval) is performed using
CD bar 46 on d9rcmidegliradmerg S2dge dVBED3i.defFot49xakpheyefour Heead units
present invention is not limted to this, and at |east one of uneven

i Il um nance r?%%fu@ér?eﬁ@aeeﬁldmrrmerﬁmﬁ:erﬁé@gﬁ%efsuaémapne@@etwo
measur enent , ve front ag%%{atron measur enent and the |i ke

performed 5 (SigePnst? FHeH S Fﬁ@a@EF@ﬁgﬁfi n%ﬁé?%%ltdfon
rreasureggat slt%em{\ﬁ OI?Q(E égﬁr%[ ‘-PEQE@& r/\fseis%ﬁ %T? 0P Smeasgred using

refl ect in exposure be p Fforned

Specifically,:f&de %’é%@p{lﬁlt§%ﬁt§%@%@tesgfonﬁlﬁlgeﬁo{795gC%Fga{lcs?é 62A to 62D)

when the measurement operation is performed. In the twin
wafer stage type exposure apparatus, at least twomoving scales
are arranged on each of two wafer stages, and when an exposure
15 operation of a wafer mounted on one stage is finished, the
other stage on which a next wafer whose mark detection and
the like have been performed at a measurement position is to
be mounted is placed at an exposure position, in orxder to
replace the one stage. Further, the measurement operation
20 performed in parallel with the exposure operation is not
limited to marxk detection of a wafer and the like by an
alignment system, but detection of surface information {(level
difference information) of the wafer may also be performed
instead of the mark detection or in combination with the mark
25 detection.
Incidentally, in each of the embodiments above, Lhe case
has been explained where while each wafer replacement is being
performed on the wafer stage WST side, the Sec-BCHK (interval)

is performed using CD bar 46 on the measurement stage MST side.



system PL can be perforned by adjustnent device 68 based on 10 the
measurenent result. Further, in each of the enbodi nents above, the
scales nmay be arranged al so on neasurenent stage MST and position
control of the nmeasurenent stage may al so be performed using the
encoder system (head units) described abave. That is, a 15 novable
body whose position information is neasured by the encoder systemis
not limted to the wafer stage. Incidentally, in view of decrease in

si ze and we| gfmweo‘felwaf%}e ﬁ%f’g%e%'lin‘ferfét%hlie% e ety tﬂ’{la%e(ﬁnd

as cl ose e er Won J\é\_rfafer st age W5T. V\hentlt
al | owned 20 t sﬁ@? YHe' Staf N EaE! hﬁﬂﬁ%er

two each of pl%&xﬁorﬁaﬂég% Jfé}i;élﬂitheaéfﬁ(l Sm‘?alg{o %éaéﬁﬁé‘r&’eﬁé‘e

Y-axis direction is a f outr” "pi'eces posi tion

i nfornati on, meﬂ%IFQB%E@BEl:XOH‘?@e%E@QH?er% ah8adle 1L DkBMa FXREHN® rmed
oper ation of a wafer by increasing the size of the 25 wafer stage and

i ncreasi ng t hes digtEane endaiveety a ad furidnt S CalRss i atad feaingr SacddE
other. Further, instead of increasing the size of the wafer stage,

for exanpl e, npeswremsayi readre MY ersd thmmerpordnant ofedule seat elso
protrudes fromthe wafer stage, or placing a scale on the outer side
148 of the \kﬁréﬁféﬁagédrﬁm ﬁX§@@vK@rpi|§|W@f%m Cauxe Idesrfipypiest @fbar that.
whi ch at Ieast one S‘%‘PSL is arranged, the distance between a pair of

scal es arrangdf e i ot ﬁéﬁ“‘ﬁ’é?raﬁ%u%mepﬁc?ge@é‘w %@Fﬁ@%ﬂ%}jl@l

Furth he d t der t
rg(rtluc'?lronI Pnesﬁéas%?epﬁb n‘g)%u%)rgr% O%E‘g ?I\Eliﬁe’aﬁ%%ﬂlﬁ% %Irlto ng‘F%i(g based on

particl espor s 'nﬂasasthre\ﬁ\eﬁPé‘l S%Y1 and 39Y2 and X scales 39X1 and
39X2, for exanple, coating may be applied

Further, in each of the embodiments above, the scales
may be arranged also on measurement stage MST and position
control of the measurement stage may also be performed using
the encoder system (head units) described above. That is, a

15 movable body whose position information is measured by the
encoder system is not limited to the wafer stage.

Incidentally, in view of decrease in size and weight of
wafer stage WST, the scales are preferably placed as close
as possible to wafer W on wafer stage WST. When it is allowed

20 that the size of the wafer stage is increased, however, two
each of position information in the X-axis direction and the
Y-axis direction, that is a total of four pieces of position
information, may be constantly measurable at least in an
exposure operation of a wafer by increasing the size of the

25 wafer stage and increasing the distance between a pair of
scales placed facing each other. Further, instead of
increasing the size of the wafer stage, for example, by
arranging the scale so that a portion of the scale protrudes

from the wafer stage, or placing a scale on the outer side



to the surface so as to cover at least the diffraction gratings, 10

or a cover glass may be arranged. In this case, inaliquid

i nrer si on exposure apparatus in particular, a liquid repellent
protective filmnmay al so be coated on the scales (grating surfaces),
or aliquid repellent filmmay also be flaened on the surface (upper
surface) of the cover glass. 15 Mreover, each scale is to have
diffraction gratings that are consecutively fornmed on the,

subst anti al | ?P%ﬁk?@r é”ad‘:}r]eé’a StR9e ZalfoR§rtaarnapPlafr et doRl Lhaty fotate on

le, diff t.i ti | be int ittently f
o bl ity of orhct LR S "Tedt ity ST i AT e
b I lit . of E [ '
above, the cobd s Dock Berm T TS e A b oy 1% be

diffraction imtesdesencanimeibog is used as the encoder. However, the
present invention is not limted to such an encoder, and an encoder

by a so-called piclkuprtmihodn each cagttet ictnbmeliiiec 25 apayedl $8 Heder to
used, and in addition, a so-called scan encoder that is disclosed

in, for examprsvearne t¢dBiciPatrentn Nosas\b;EB3Nt686-@ambdhelde ko radhatsme
be used. Further, in each of the enbodinments above, as the Z

sensors, inst%@%e%%%ﬁé&le@yoﬁhétééﬂﬁcm i ekae frethodangdo39Y, and
descri bed ear]ier, for. exanple, a sensor having the follow n ,
confi gurati or?l SR S0 Be gged?%%atf%,e%wk%mq%wq GHY i @prded
equi pped wth; first-sensor. (which nmay be_a_sensqr __b n_optical

pi ckup met ho Oo?hgtsnuerrfaocﬁ PRAS WY §5’Iv§5e%jéﬁfeaétstghesgﬁgfr%/‘ﬁgﬁo&ﬁﬁ%dﬂ%ﬁ’
reads theodi spl aceigal: i35 MEGSHE SIEALGAUD] el $HILAEESED 1R% 11quid
Z-axis direction by irradiating a probe beamto the

measur ement - siubiesed i SHId:asSsu AN hyReel Midg 4 e refdecded 4 i ghiui@
drive section that drives
repellent protective film may also be coated on the scales
(grating surfaces), or a liquid repellent £film may alsoc be
formed on the surface (upper surface) of the cover glass.
15 Moreover, each scale is to have diffraction gratings that are
consecutively formed on the substantially entire area in its
longitudinal direction, but for example, diffraction gratings
may also be intermittently formed on a plurality of divided
areas, or each moving scale may be constituted by a plurality
20 of scales. Further, ineach of the embodiments above, the case
has been exemplified where an encoder by a diffraction
interference method is used as the encoder., However, the
present invention is not limited to such an encoder, and an
encoder by a so-called pickup method, or a magnetic method
25 may also be used, and in addition, a so-called scan encoder
that is disclosed in, for example, the U.S. Patent No.
6,639,686 and the like may also be used.

Further, in each of the embodiments above, as the Z

sensors, instead of the sensor by the optical pickup method



the first sensor in the Z-axis direction; and a second sensor 10

(such as an encoder) that neasures the displacenent of the first
sensor in the Z-axis direction. In the Z sensor having such
configuration, the foll owi ng nodes can be set, that is, a node (a
first servocontrol node) in which the driive section drives the first
sensor in the Z-axis direction based on the 15 output of the first
sensor so that a distance in the Z-axis _direction between the .
nmeasur ement - S{BF EEtPadeRsdd e of OF SR e BhEeRIRY He&isl the ferllawing
and the first_sensor is, constant at all tine%gﬂgnd a node (a_second,

servocont r ol TUTHE B CIEY He T ArkfetusAt thie detorfPEerdt §in
gi ven from 2Q thg 9%;[ %'ﬁgg]pga%ﬁew?%t rold;er) gggs%%:(%ié’f m%ep%%ggisoennsor

mai ntai ns t he posi e TITsSt sénsor i n -axi s di

that th L eI i
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the target val'ue. In the case of the

out put of 5t hesdreasky enEid ¢ Sest i @M 1P eEik Sens ) sEriedife2d dised as
the output of the Z sensor, and in the case of the second

servocontrol medejrdientowdyieieof $lnefdde sin SERS@-aie diereseibas¢ he
output of the Z sensor. Further, in the case such a Z sensor is used
and an encodefryadierpl oy ed pavbehbesac bndthe ensasyremerst consiege e face
position information of wafer stage 150 WST (wafer table WIB) in

di rections of2nd x¥egediéey e reddgsmedchiobe/ medsiivedamiing that drives

encoder. Further,..in each of th egbodi,nent s above, as_ the Z sensor,
sensors by ot f&é?éc??ﬂﬁornﬁ?ﬁ%ﬁ%ggaﬁlﬁlgbr%%tkﬂ%iGVEB? SCRORE heisor

in each 95 th sfé@%ﬂ% am“lqmeéjo W05 él‘bec rrgeoanfl.in%usr acﬁ’ie?ndr%'gsgﬁé[cheef‘nent ot the

conbination of " ap interferoneters tha sure position
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such configuration, the following modes can be set, that is,
a mode {a first servocontrol mode) in which the drive section
drives the first sensor in the Z-axis direction based on the
15 output of the first sensor so that a distance in the Z-axis
direction between the measurement-subject surface, for
example, the surface of the scale and the first sensor is
constant at all times, and a mode (a second servocontrol mode)
in which the target value of the second sensor is given from
20 the outside (the controller) and the drive section maintains
the position of the first sensor in the Z-axis direction so
that the measurement value of the second sensor coincides with
the target value. In the case of the first servocontrol mode,
the output of the measurement section (second senscr) can be
25 used as the ocutput of the Z sensor, and in the case of the
second servocontrol mode, the ocutput of the first sensor can
be used as the output of the Z sensor. Further, in the case
such a Z sensor is used and an encoder is employed as the second

sensor, as a consequence, position information of wafer stage



conbi nati on descri bed above. Any configuration and any 10 conbi nation
of the interferometers nmay be enployed as far as position
information of wafer stage WST in directions other than the
measurenent direction of the encoder system can be neasured. The
point is that a neasurenent device (regandbess of whether it is an
interferoneter), which can neasure position 15 information of wafer
stage WST in directions ofher _than the neasurenent, direction of_the

encoder syst dm?® oMy Hab3PoeHE Bleddt fpEACFACRAP i HEIERESRE ddeedon
e e S PR L e BOREBLG FERERLP . SERTUF ene
th nbodi ; b I t

it pornt | ArBEFdEh g 8Bl AT AL 7 Yehel, PLeiE AT DASL R d M on

system can defadiosHrdAcen1 ROd iQpidfLmtion at exposure- subj ect
shot areas of wafer Wwhen exposure i's perforned, the Z sensors do

not al wayS have 2%uraHee arimanrgeth Jdhaiesmddimndnt cathhwf, tHie
enbodi ments above, pure water (water) is to be used as |iquid,
however, the queSigntratimnrerridrtlies qmitbinatied ¢4 & hilamslingt tef  of
course. As the Iliquid, liquid that is chemcally stable, having high
151 transm tYEREE axPne g ridid omaaaghte Inosind aafig farmasa ors wh wader

a fluorine-containing inert | iqjgﬁid, maal be used. As the
f1 uori ne- contHidihd' T hett® 1M1Gui b dxariple, S TRAOD (@K Brand

name of 3M United States).can he used. The 5 fluori,ne-containing

mert | qui d IUT T ST KA DR | BTt COT AGUr PG oBr et =nY
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l'iquid havi ngas irefdraGlif@mation of wafer stage WST in directions other
than the measurement direction of the encoder system can be
measured. The point is that a measurement device (regardless
of whether it is an interferometer), which can measure position

15 information of wafer stage WST in directions other than the
measurement direction of the encoder system, only has to be
equipped in addition to the encoder system described above.
For example, the above-described Z sensors may also be used
as the measurement device.

20 Further, in each of the embodiments above, the Z sensors
are to be arranged besides the multipoint AF system. However,
for example, if the multipoint AF system can detect surface
position information at exposure-subject shot areas of wafer
W when exposure 1s performed, the Z sensors do not always have

25 to be arranged.

Incidentally, in each of the embodiments above, pure
water (water) is to be used as liquid, however, the present

invention is not limited to this as matter of course. As the

liguid, liguid that is chemically stable, having high



i ndex equal to or higher than 1.5 may be used. As this type 10 of
liquid, for exanple, a predetermned liquid having GH binding or
O-H binding such as isopropanol having a refractive index of about
1.50, glycerol (glycerin) having a refractive index of about 1.61, a
predetermned |liquid (organic solvent) g8ech as hexane, heptane or
decane, or decalin 15 (decahydronapht hal ene) having a refractive

i ndex of about 60, or the like can be cited. Alternatively, a
liquid obt alwwl?ﬁ%l%% =S Blltlﬂlﬁlrlylatt\fo@noﬁ‘1ﬁﬁFeI%fanCh§afe to use, such
above-descrlbed predet erm ned |j qui ds. na use or

|
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(tip optical hmaﬂferr)efa:rwtdrvea inglect bdeheirt Fhenagene (aten (r atelttdateive
film (topcoat, flln) 152 an antlreflectlon film or the like) coated
on the surfacddst 18 eewrd -4 @rreif@waqa@plm%h@mdm@ww ed%%fwwe

| d the |jght f onbl i b | .

Further, 1 1 GHIPbISHEL Gb6d, HeALE7abogs, 1 1haTLL dead. oAF g CvPe
b t
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t he enbodi nents above, the cas
index of about 1.50, glycerol (glycerin) having a refractive

index of about 1.61, a predetermined liquid (organic solvent)
such as hexane, heptane or decane, or decalin

15 (decahydronaphthalene} having a refractive index of about
1.60, or the like can be cited. Alternatively, a liquid
obtained bymixing arbitrary two or more of the above-described
predetermined liquids may be used, or a liquid obtained by
adding (mixing) the predetermined liguid to {with) pure water

20 may also be used. Alternatively, as the liguid, a ligquid
obtained by adding (mixing) base or acid such as H', Cs*, K7,
cl-, SOf', or POf' to (with) pure water may also be used.
Moreover, a liquid obtained by adding (mixing) particles of
Al oxide or the like to {(with) pure water may also be used.

25 These liquids 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
projection optical system {(tip optical member) and/or a

photosensitive agent (or a protective f£ilm (topcoat film),



has been descri bed where the exposure apparatus is a liquid 10

i mrersi on type exposure apparatus. However, the present invention is
not limted thereto, but can also be suitably applied to a dry type
exposure apparatus that perforns exposure of wafer Wwi thout liquid
(water). Further, in the each of the enbadinents above, the case 15
has been descri bed where the present invention is applied to a
scanni ng exposure apparatus, by a step-and-scan nethod or the |ike.
Hovever ; the TF G LSRRt I Oh § Sihoto | THY ol KD THST bRt Ty BHsRce
be applied to st atd ¢ _exposure a ratu uch as st epper . _Eve

with the step%éra c‘)”rafteﬁr_é Iliskg,regﬁrggiﬁeas_ﬁlﬁﬁ&e{helrbgcg]_et iCIO eana}’L%t £
on which an Opée&éeéu@é eCle if%ﬁn%ﬁ%)éﬁ’f@e' Sfm doi’f!x{ﬂ%fexggogg{écted.

Occurren_ce_ O'_f posI tion ne_a.sur erro'r ) CaU_S_e by al r_ |'Uctua | ons
can be minimzed sybstiant, ahldadwozali Eh&@%ﬁ@nt%%ﬁcﬂ}eﬁ_ Eﬁéeﬂedévered

becones possible to set the position of the stage with hig

preci si on525 hiageid amyt be reassdpneid iviatHes edsd he €icader shant-@asies
of the correction informati on descri bed above, and as a

consequence, immghtit bes uraie thearmsterveakdalighidl &s patd Bermbntaxrtdrered
obj ect can be performed. Further, the present invention can also be
applied to a ¥educti@n Prepeetean WEEE, expertrvenpiaipe T biha like.
et SR LN B R LR LR R L
ol aner. o W0, dddP g Eusthel e TRONL L gokLon ot Lbeoplol £ g
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invention is not limited thereto, but can also be suitably
applied to a dry type exposure apparatus that performs exposure
of wafer W without liguid (water).
Further, in the each of the embodiments above, the case
15 has been 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 is not limited to
this, but may also be applied to a static exposure apparatus
such as a stepper. Even with the stepper or the like, by
20 measuring the position of a stage on which an object subject
to exposure is mounted using encoders, occurrence of position
measurement error caused by air fluctuations can be minimized
substantially to zero likewise. In this case, it becomes
possible to set the position of the stage with high precision
25 based on the measurement values of the encoders and each of
the correction information described azbove, and as a
consequence, highly accurate transfer of a reticle pattern

onto the object can be performed. Further, the present

invention can also be applied to a reduction projection



projection optical systemPL is not only a dioptric system 10 but

al so may be either a catoptric systemor a catadioptric system and
in addition, the projected inmage may be either an inverted inage or
an upright inage. Moreover, the exposure area to which illum nation
light IL is irradiated via projection optiBcal systemPL is an
on-axis area that includes 15 optical axis AX mﬁthin the field of
projection optical system PL. wever for%ﬁx i s _discl|osed

in the panphl SfPRFULF TR FoRaPY Pub? T RRTT t%%‘b‘h‘?‘io%ﬁ t he
i I B e

optical axis So-ca inline

system 20 i n,paf t,Qf < Wi wh i caly
catadioptric sflster’r) }%lhat as p}FuraIé ect :E%)I-E] su Q&ad(;:ﬁega%%{ee#n S the

an internedi at&kd mage at | east once is arranged, and which has a
single optical axis. Further, the illumnnation area and exposure

area deschi bed abovenmsrhen,0 tiayensgr2iSE et isorg W Aart ish apss | ddeesrergp dileen 1
shape is not limted to rectangular, but may al so be circular arc,
trapezoi dal , Syt |igl dfreamsposiive bibkeratnsi dencathyof athé ghbabiurae: s
of the exposure apparatus in each of the enbodi nents above is not
limited to tRPHF IE520teRBl e Federtigusptian sdutagésol mgmb%cﬁm&er

such as a KrF ex0| r laser (output wavel en th 48n an F2 | as
(out put wavet® rﬁ? fy A‘?%Stf%f%e‘?r (DUIFAR %\)é%/"g‘}

or a Kr2 las éf%géngq\%ﬁfié¥¥3%ystgip@ﬁ?150 o%noeftra'{hﬁgkgép system,

pressure mer generates an em ssion
SN S0 ¢
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the |ike can aifsebe disedin Bafdt€Son, the projected image may be either
an inverted image or an upright image. Moreover, the exposure
area to which illumination light IL is irradiated via
projection optical system PL is an on-axis area that includes
15 optical axis AX within the field of projection optical system
PL. However, for example, as is disclosed in the pamphlet of
International Publication No. WO 2004/107011, the exposure
areamay also be an off-axis area that does not include optical
axis AX, similar to a so-called inline type catadioptric system,
20 in part of which an optical system {catoptric system or
catadioptric system} that has plurzl reflection surfaces and
forms an intermediate image at least once is arranged, and
which has a single optical axis. Further, the illumination
area and exposure area described above are to have a
25 rectangular shape. However, the shape is not limited to
rectangular, but may also be circular arc, trapezoidal,
parallelogram or the like.
Incidentally, a light source of the exposure apparatus

in each of the embodiments above is not limited to the ArF



as is disclosed in, for exanple, the panphlet of International 10
Publ i cati on No. WD 1999/46835 (the corresponding U S. Patent No.
7,023,610), a harnonic wave, which is obtained by anplifying a

si ngl e-wavel ength | aser beamin the infrared or visible range
emtted by a DFB sem conductor |aser or fléBer |aser as vacuum
ultraviolet light, with a fiber anplifier doped 15 with, for exanple,

erbium (or both_erbi and ytteribi , ..and by converting the
wavel enét h i nto-tIeY g&%%ﬁ”’e’t yk?qbiﬁ 515’312‘?9 laéeﬁoﬂrﬁﬁﬁéaFOBﬁFFcﬁPCEr?/%t%lIfrF

may al so be ug)?(:‘;i_,b% Plrl}_a@gr t(iﬁgtéa%hwgg;eigﬁ fgl?”b(}%s%e t’igﬁb%v%%a (Qutput

illum nation Xposur & ap atus 1

the light 2 ' t I r h‘gﬁp‘, Qrtp%&a |

i s needl ess SA(I)Q?%/ t ?W@‘ﬁ?g’h{h’ﬁ%ﬁnég%g&gﬁq‘éﬁﬂ%h e%g t a}rll' anMm)

100nm may be ¢tsed.kH00a8%2Mbatpul WEGEBNENYERE S146ANP! U8F 49 < BPLIEi gh

a pattern equal to or less than 70nm an EUV (Extreme U traviolet)

exposure appapedisutdatermkes bSOt @erpd Bstiwe 2n | @tess Bon al inghduch

source generate an EUV light in a soft X-ray range (e.g. a

wavel engt h r aaged f3ohiBe t ovdse heggtlandd 3ems) aor tat al -1 &i¢ ebvdomlength:

reduction optical system designed under the exposure wavel ength .

(e.g. 13.5nm)3 &Ik ReTy 8LFacks veatask FREENCBech h@aWemnsseda Ve I IRL FANng
n whi ch_scapnin Xposur e

exposure apparatus,_th arrangenent_ i |

s perfor med BT s%&?f&ﬁlgﬁaﬁf%@ﬁ%%ﬁékﬁagﬁnaﬁésa {Bregs| h@@%ldesr
circular arc gl l um I n caonsi dere and therefar the . .
present i nvean. %gnﬂc%%iéﬁés]% %é gﬁfteg%ldf éeﬁpgll’l%dj T ec%ognf%aep%%%?eo@l
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exposure apparatus that uses charged particle beans Such S an

elbect ron beam®r BAP6LEAM a RS c i waaChnof cit hes enbegh neatisy
pove @ amplifying a single-wavelength laser beam in the infrared or
visible range emitted by a DFB semiconductor laser or fiber
laser as vacuumultraviolet light, with a fiber amplifier doped
15 with, for example, erbium (or both erbium and ytteribium),
and by converting the wavelength into ultraviolet light using

a nonlinear optical crystal, may alsc be used.

Further, in each of the embodiments above, illumination
light IL of the exposure apparatus is not limited to the light
20 having a wavelength equal to or more than 100nm, and it is
needless to say that the light having a wavelength less than
100nm may be used. For example, in recent years, in order to
expose a pattern equal to or less than 70nm, an EUV {(Extreme
Ultraviolet) exposure apparatus that makes an SOR or a plasma
25 laser as a light source generate an EUV light in a soft X-ray
range (e.g. a wavelength range from 5 to 15 nm), and uses a
total reflection reduction optical system designed under the
exposure wavelength (e.g. 13.5nm) and the reflective mask has

been developed. 1In the EUV exposure apparatus, the



transm ssive type nmask (reticle), which is a transm ssive 10
substrate on which a predetermned |ight shielding pattern (or a

phase pattern or a |light attenuation pattern) is forned, is used.
Instead of this reticle, however, as is disclosed in, for exanple,
U.S. Patent No. 6,778,257, an electron mask (which is also called a
vari abl e shaped nmask, an active mask 15 or an inmage generator, and
includes, for exanple, a DMD (Digital Mcromrror Device) that is a
type of a norREFARESHNT tipe'iHalySRUPING PR TVEEY shatpf fogmepd by
nodul ator) or_th | i ke)., on which a light-trapsmttin attern, a

fofl ection TG UIC LY BTANLI DA P18 7 OFAF ACCoIdi e U6 s

electronic d rn that is to be,ex d al s
aéxac 9&159«%1‘18%&%%(9 B% onsiderea aggsc%ed:e ore ‘9

he
used. I n the case such a variabl e shaped mask s used, a  §tage

whi ch a vafelinderil A%5 AL B8 Ka, 1 IRl tdb%ﬁ?w%%ﬂc}%re
respect to the vari abl e shaped nmask, and herefore, by neasuring the
position ef tdigpbta06es USiRRGildRee,26hepeeden taithdy: tid ¥eAG 1depetaga ied
based on the nmeasurenent val ues of the encoder and correction

i nformati on docenddxmpsiie pepatratnsi ot Mekkisonhafgéestdgd 6 bebiie such
non- neasurenent direction that is neasured by the interferoneter,

the effect erfuiaralsimctron famforarh iofn thearenbodi ment s above can

be 156 obtained. Further, as is disclosed in, for exanple, the

panphl et of | nter A&GE%A, Publgach iddh N WY THEETISS BE® Y whé

present invention .can also be applied to an exposure, apparatus 5
(1ithography T Hhat tfffc'ﬁefrénaﬁ%ﬁea%ﬁ'rdk%]&}c'e "Elibrlr% %r‘itra@.{l%%srlve
by form i ce frinh 0 er.. reaqver,. t-h resent
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synthesi zes twg LEIHLLL RRHLSTNSr a 1ight attenuation pattern) is formed,

is used. Instead of this reticle, however, as is disclosed

he
Dresent
on

in, for example, U.S. Patent No. 6,778,257, an electron mask
(which is also called a variable shaped mask, an active mask

15 or an image generator, and includes, for example, a DMD
(Digital Micromirror Device) that is a type of a non-emission
type image display device (spatial light modulator) or the
like) on which a light-transmitting pattern, a reflection
pattern, or an emission pattern is formed according to

20 electronic data of the pattern that is to be exposed may also
be used. In the case such a variable shaped mask is used, a
stagé on which a wafer, a glass plate or the like is mounted
is scanned with respect to the variable shaped mask, and
therefore, by measuring the position of the stage using the

25 encoder and by driving the stage based on the measurement
values of the encoder and correction information according
to position information of the stage in the non-measurement
direction that is measured by the interferometer, the effect

equivalent to that of each of the embodiments above can be



on a wafer via a projection optical systemand al nost 10

si mul t aneously perforns doubl e exposure of one shot area on the

waf er by one scanni ng exposure, as is disclosed in, for exanple,
Kohyo (published Japanese translation of International Publication
for Patent Application) No. 2004-51985016the corresponding U.S.
Patent No. 6,611,316). 15 Further, an apparatus that forns a pattern
on an object is not limted to the exposure apparatus (lithography
systen) desc@htEtnethove, and for exanpl e, the present invention can
al so be applied toEan aratus t ttern on_an _object

at r anp %y
an ink-jet method. é_ﬁftl 1 /d it éFI@l,S% ° B} et ﬁrmﬁ?(éﬂpéepa?kf%rﬁ‘?q@ et
to be for mag:if %%t%%lg%%o%%@ 9851&%3%%88%‘5 & M??@%ZQS@%gne{g% pbree%nént

is irradiate int ove-descri érbodi nen i'fre

exanpl e i s nofnddB {80 d 8 Med e L1 1BY 08 ADAUARLS,AD] £51a SUCH as

a glass plate, a ceram c substrate, a filmnenber, = 25 or a mask

bl ank. The usegeigidishexpasting appar atdiand SLiM-drddidetd Qatdt®ns on
exposure apparatus used for manufacturing sem conductor devices. The
present invertiveafearobefonndisly appiBekalcso f0,ngdoromexdanplws fean.
exposure apparatus for manufacturing liquid 157 «crystal display

devi ces whi ch transfarsevel,i ghedreeysnal intespley waviedsophet zpml bed g0
a square-shaped glass plate, and to an exposure apparatus, for
nanufacturinj”bﬁ@@ﬂﬁ?IELﬁppﬁﬁﬁﬁpﬁiFﬁﬁﬁa@ﬁ@ghéshéﬁas,w?rﬁ&ﬁ#@ﬂ%kﬁﬁﬁﬁ%?ns
(such as CCDs 5 mcromachines, DNA chips or the |like. Further, the
present i nvéit i al <o b HphiT e 00%1?11%0%5(&?%@‘&{& °¥Hhat

s o803, L A LEED U LA B S ALS bk 4ASE axen o
the wafer by one scanning exposure, as i1s disclosed in, for
example, Kohyo (published Japanese translation of
International Publication for Patent Application) No.
2004-519850 (the corresponding U.S. Patent No. 6,611,316).

15 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
also be applied to an apparatus that forms a pattern on an
object by an ink-jet method.

20 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 above-described embodiments and
modified example is not limited to a wafer, but may be another
object such as a glass plate, a ceramic substrate, a filmmember,

25 or a mask blank.

The usage of the exposure apparatus is not limited to
the exposure apparatus used for manufacturing semiconductor
devices. The present invention can be widely applied also to,

for example, an exposure apparatus for manufacturing liquid



sem conduct or devices, but al so when producing a reticle or 10 a
mask used in an exposure apparatus such as an optical exposure
apparatus, an EUV exposure apparatus, an X-ray exposure apparatus,
and an el ectron beam exposure apparatus. Incidentally, the novable
body drive system and the novable body derve nethod of the present
invention can be 15 applied not only to the exposure apparatus, but

can al so be applied wdely to other substrate processing apparatuses
(such as a |a%%&fst?aelpaql#sar}ymﬁr%@‘cﬂsqe%Wr%ﬁ@s%@%&imu%ﬁm%l

d the like),. t t [ d with bl e bod h

20 a stage CIHTALEARITR REE25 Yo o aAa HP A S SPSS U B And
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manuf actured 25 by assenbling various subsystens, which iInclude the
respective camisdidmiedt ndHADNN eHigd bedthe theec! aruBtpdr | Nehe present
present application, so as to keep predeterm ned nechani cal

accuracy, el egtvercaloracanr adycabed appildall accanasypodurerdgsardtous that
secure these various kinds of accuracy, before and after 158 the
assenbly, adjtisanfinrs e cigttwhMepehteoptdrdat aatlaarneybbbrateart sustlicon
optical systenms, adjustnent to achieve the mechanical accuracy for
various mechdifticdl NQfstPhey HiRD RGEHGEH RIEIRITISRS tHelelatt ri cal
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types of apparatus, an EUV exposure apparatus, an X-ray exposure
apparatus, and an electron beam exposure apparatus.
Incidentally, the movable body drive system and the
movable body drive method of the present invention can be
15 applied not only to the exposure apparatus, but can also be
applied widely to other substrate prqcessing apparatuses
(such as a laser repair apparatus, a substrate inspection
apparatus and the like), or to apparatuses equipped with a
movable body such as a stage that moves within a
20 two-dimensional plane of 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) in each of the embodiments above is manufactured
25 by 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



subsystens. Needl ess to say, an assenbly process of 10 i ndividual
subsystemis perforned before the process of assenbling the various
subsystens into the exposure apparatus. Wen the process of
assenbling the various subsystens into the exposure apparatus is
conpleted, a total adjustnent is performed and various ki nds of
accuracy as the entire exposure 15 apparatus are secured.

I ncidental ly, the making of the gosure apparatus is preferably

performed in fabemaéa%ﬁrqb&dm aﬁﬂéﬁémﬁﬁ FRrisdHas dhey ﬁ@taegie%c@#racy for

cleanliness and the |i re controlled. Incidentally, the ab %@
nical
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Publi cati ons aacﬁﬁp%%%aé%]%%a% tnn:‘i%h%n%acrag e SD glﬁ CPﬁjutsntment to
enbodi nent s %Qﬂﬁﬁnﬁpﬁhef@hé&€91E91Q§99§HEéyQQH@GQEEBﬁé @fgcﬁfﬁklé§§%ems
are each incorporated herein by reference. Next, an enbodi nent of

a devi ce panuf\ctpat Mgl hod iphocallisCh it ﬁ%sfeﬁllbgg@dgn@’aQ&@Qi%Ul’s@tbsystems
apparatus (pattern formation apparatus) is used in a |ithography

process w || ibEdéder elpdsurEl &pp8bashewsnal fiteswharitanfcah emanpitdon,
when manufacturing a device (a sem conductor chip such as an I C 159

or an LSI, awmmqjC@m@péllomﬂélel%pw cd nchiiy sf,i pAriagneehrecthear of
a m cronachi ne, and the like) As is shown in FIG 35, first of all,

in step 201 (%ﬁ%%t@@cu%ﬁmﬁ% eI Lide 8GR B ey e A ce

(such as ci rcw B Zemc nduct or _devi Ce%ﬁ? erforned, and
pattern desi git i 28ePRE PN &L §RYIr s 2Pe PEGF ﬁé’ﬁeslsnogt ep

202 (mask nqqltg td{fdln% terft { nﬁ;}g@@&%ééﬁ%@%%ﬂo&ég%é

patternlsforrre 'S rranu ured.
assembllng'the‘varlous subsystems into the exposure apparatus.

When the process of assembling the various subsystems into
the exposure apparatus is completed, a total adjustment is
performed and various kinds of accuracy as the entire exposure

15 apparatus are secured. Incidentally, the making of the
exposure apparatus is preferably performed in a clean room
where the temperature, the degree of cleanliness and the like
are controlled.

Incidentally, the above disclosures of the various

20 publications, the pamphlets of the International Publications,
and the U.S. Patent Application Publications and the U.S.
Patents that are cited in each of the embodiments above and
related to exposure apparatuses and the like are each
incorporated herein by reference.

25 Next, an embodiment of a device manufacturing method in
which the foregoing exposure apparatus (pattern formation
apparatus) is used in a lithography process will be described.

FIG. 35 shows a flowchart of an example when

manufacturing a device (a semiconductor chip such as an IC



(waf er manufacturing step), a wafer is manufactured using 10
materials such as silicon. Next, in step 204 (wafer processing step),
the actual circuit and the like are fornmed on the wafer by
lithography or the like in a manner that will be described | ater,
using the mask and the wafer prepared inssteps 201 to 203. Then, 15
in step 205 (device assenbly step), device assenbly is perforned
using the wafer processed in step 204, Step 205 includes grocesses

such as the (ﬁ”&iaﬁ’gLEFocae_slsl,qutlﬁecgéfﬁﬁﬁFigP?I}ﬁJocé’sg?Darﬁjtthﬁél atRAWPHPLLic
proces (S b SR L . (LIS NS T RSP 2 ric.
durabillty. . \ y
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FIG 36 is addonehadd s hovw ' B3P £5 Of 5 ;
descri bed aboé/e. Ref er?i ng t%?oge%@é‘&i% step 2%51 é%%ﬁ‘?ﬁ%t%\g@?e%,

the surface ddenbd@idusStexi dbZede) | s St€pProZded ( QY SpePler@design to
insulating filmis formed on the wafer surface. In step 213
(el ectrode foremtion tStefdunan.al dct pedEorined..or Tednpnithetewaf 202 bymask
deposition. In step 214 (ion 160 inplantation step), ions are _
i mpl ant ed i ntRAR N GRMEYNY BiletP) ofa tihes abovevkidpstizd 1depi @ied circuit
constitutes the pre-process in  each stage of wafer processing, and
t he necessar Phirigeds sthgl 0T hbd e liner ¢ s 5@ c ute@ it idgeh 14t s§ep 203
When t he abovF-d scri£eq&£re- rocess epds in Pach.sta e .of maﬂgr ,
process, post-FHoced¥TE AL TR o 1D %%éﬂgblbfs?gtplf%% s¢S1ing
first inqgt egnggt%rfgle%i St pggs%i'ffcgﬁ.ep), a photosensitive agent is
coated on the wafer. Then, in step
Next, in step 204 (wafer processing step), the actual
circuit and the like are formed on the wafer by lithography
or the like in a manner that will be described later, using
the mask and the wafer prepared in steps 201 to 203. Then,

15 in step 205 (device assembly step), device assembly is
performed using the wafer processed in step 204. Step 205
includes processes such as the dicing process, the bonding
process, and the packaging process (chip encapsulation), and
the like when necessary.

20 Finally, in step 206 (inspection step), tests on
operation, durability, and the like are performed on the
devices made in step 205. After these steps, the devices are
completed and shipped out.

FIG. 36 is a flowchart showing a detailed example of step

25 204 described above. Referring to FIG. 36, in step 211
(oxidation step), the surface of wafer is oxidized. 1In step
212 (CVD step), an insulating film is formed on the wafer

surface. Instep 213 (electrode formation step), an electrode

is formed on the wafer by deposition. In step 214 (ion



216 (exposure step), the circuit pattern of the mask is 10
transferred onto the wafer by the exposure apparatus (pattern
formati on apparatus) descri bed above and t he exposure nethod

(pattern formation nmethod) thereof. Next, in step 217 (devel opnent
step), the wafer that has been exposed i g¢odevel oped, and in step 218
(etching step), an exposed nenber 15 of an area other than the area
where resist remains is renoved by etching. Then, in step 219

(resist renpvitRLateyionfdierlet dRNSgars HeRpprrted intse thesvafernatEach

is no |longer necessaty isS_reno .. By .repeatedly performng the ,
pre- process a‘f‘ﬁg ttef’r‘?e a%’@vﬁoﬁ:?ﬁ?o%igs?o R Fﬁlnét&ita/l@ﬁist CPStREFTRIGFESS 1n
formed on the ac‘ﬁ@fs usi gt he device rrang gﬁturi n%? net hod of t
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formation appas atiisded Ny SACHy oéxé&ﬁ@&rbggiérgﬁgfse%&ge 25 and the

exposure method (pattern formation nmethod) t are used in the

exposure step (stemwnEkbrnheCXPOSI @ hddl GheHRUEGRPEAASE A BEch stage
performed whil e maintaining the high overlay accuracy. Accordingly,

t he producti wi yadkrhpghteyss npegtaied cemisCt 9 dandcnes oas uildlws.neIn the
patterns are forned can be inproved. 161 | NDUSTRI AL APPLI CABI LI TY As

i s described rrbveprades oviabt st biodys tthp V&l 3ystem sihdf ottt impvadiiap) , a
drive method of the present invention are suitable 5 for driving a
novabl e body R ILS Holedreatiery dife Copbachen, thgevwpaeter nTHYR matl oitep

apparatus and.the pattern formatio net hod, of the present. i nventi on
ST ORI S AR A AR S P A A L S

%ﬁg?gg?&??ﬁ?ﬁ&eﬁ%@?ﬁ?d tolpl%oe%ggswuarfern%%zhi%jé e%‘(%%stu@% gg\p/‘iaggtus (pattern
formation apparatus) described above and the exposure method
(pattern formation method) thereof. Next, in step 217
(development step), the wafer that has been exposed is
developed, and in step 218 (etching step), an exposed member

15 of an area other than the area where resist remains 1s removed
by etching. Then, in step 219 (resist removing step), when
etching is completed, the resist that is no longer necessary
is removed.

By repeatedly performing the pre-process and the

20 post-process, multiple circuit patterns are formed on the
wafer.

By using the device manufacturing method of the
embodiment described above, because the exposure apparatus
(pattern formation apparatus) in each of the embodiments above

25 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. Accordingly, the productivity of highly integrated

microdevices on which fine patterns are formed can be improved.



10 the present invention are suitable for manufacturing

m crodevi ces. 162 CLAIMS 1. A novable body drive nmethod in which a
novabl e body is driven substantially along a predeterm ned pl ane,
the 5 method including: a process of neasuring position information
of the novable body in a predeterm ned diéfection within a plane
parallel to the predeterm ned plane using an encoder that has a head
that irradiates a detection light to a scale having 10 a grating
whose periodic direction is the predeterm ned direction and receives

a reflected |4 h driving the novable body in
the predeter %ﬁ@g%ﬂ?ﬁ% ?ﬁﬁﬁg';?&ggﬂ‘ltﬁ rreasurgrrent val ue and -y
information on flatness q&ict é%@!o%e,%gmo%%l@%?g%gdﬁgayggékgﬁ and

met hod according to Caiml, erein the scale is p

surface of thghdarpvallbe eb@eyvé Rt hddo s s ?Eééébfﬂrﬁﬁr@dﬂcﬁ{ ak@ dlerable
predeterm ned plane, and 20 the head is placed outside the novable

body so a$§ tofdre drdapakl e mivdlaod hgpdvheishahes mdvelkatnplahte hther,
drive nmethod according to Claim2, further including: 25 a process

of measuring thee pebteessfofmaheorcabparpiiier anto thiee nertdeeys Hfrmation
measuring and driving. 4. The novabl e body drive nethod according to

C aim 3, whereihpd g&f the present invention are suitable for forming a
patternon an object. Furthermore, the exposure apparatus and
the exposure method, and the device manufacturing method of

10 the present invention are suitable for manufacturing

micredevices.



t he process of neasuring the flatness includes: a peculiar point
detection process of detecting a peculiar point at which a
nmeasurenment error of the encoder 1is zero regardless of an
inclination angle of the novable body 5 with respect to the
predeterm ned plane, for at |east one neagurenent point on the
scal e; and a conputation process of conputing unevenness of the
scale using a detection result of the Eeculiar point. 10 5. The
novabl e body drive nmethod according to MP4, wherein in the
pecul i ar point detection process, the peculiar point is detected for
each of a plurality of neasurenent points that are set at a

det er m ned di st h 5 ' LLegt
predetermned dis g]n.g%bglégagﬂe Sod %P{@é’%ee{rqu’ng%t ghggfea %]E}Qo%%%%ogy

scale. 6. The nova rive t hod accor

and 5, whereifgiarthenpeculsicanhcpainnt %a_tcﬁﬁglti&”FPéQE‘éfé%miQ%dCE!@%gﬂer)g the

an 20 attitude of the novable body'to a plurality of different

attitudesp namtigod hendmvddtag: body in a predeternmi ned stroke range

in a direction orthogonal to the predeterm ned plane while
irradiating a detectiprotéght ofr omazsuhrdady gfoshei@nchdEormbébian of the
subj ect neasurenment point on the scale in a state where 25 the
attitude of tHVahabPedpody ies pradRtE e ethdlpeetotoi ngitbanplke myane
of neasurenent results of the encoder, during the  novenent with

respect to edRArdrithéCathet LIRS PIPRENGS 189 ;e §8FCEFARENERT has

conput ati on based resul ts of .the sanpling, n errar .
characteri st iacﬁ%:euar(ilc/)enC }bﬁ‘et e et a@atd’%{heecq%lfﬂ] Z]ﬁg%i%%o (T S SetvLing
poi nt !nl@CCQid 98@'%@tmq§§¥5 éf?@d?& Hg§e%%&%g!%jsbeg¥'ﬂ}éﬁetermined
direction orthogonal to the predeterm ned plane is
direction and receives a reflected light from the scale, and
of driving the movable body in the predetermined direction
based on the measurement value and information on flatness
of the scale.
15
2. The movable body drive method according to Claim 1,
wherein
the scale is placed on a surface of the movable body that
is substantially parallel to the predetermined plane, and

20 the head is placed outside the movable body so as to be

capable of facing the scale.

3. The movable body drive method according to Claim 2,
further including:
25 a process of measuring the flatness of the scale, prior

to the process of measuring and driving.

4. The movable body drive method according to Claim 3,

wherein



obtained with respect to each of the plurality of different

attitudes, and an intersecting point of a plurality of the 5 error
characteristic curves is assuned as the peculiar point at the

subj ect neasurenment point. 7. The novabl e body drive method accordi ng
to any one of Cains 4 to 6, wherein 101eA the conputation process,

t he unevenness of the scale is conputed using position information

of the novable body, in a direction orthogonal to the predeterm ned
plane at the peculi HHTRSS jadaiinicd zﬁﬁ%aﬁiﬁﬁ?%ﬁ%\hPQEﬁﬁ%ﬁ
according to any one i 1 to further i ncludi ng. [ QCess

of conputing correc i%%éP%#%%géﬁaé#C)e%ﬁé.}%% pﬁP%@ﬁsof hgeggg 8 Pn?

which the flatness of She sl 6l %%aiﬂ&né&?@%%ﬂtd@’ch&%ﬁ%der

on a neasurenent value of the encoder 20 that mneasures position

information ofs tbeombygdt @1 896w Antiife] HLdRreBRGNed £ithRChbPab B8 hody
the flatness of the scale, while noving the novable body in the

predet er nbnedvidilr ectsact whetkenpradéherpinedsplahenedsur iang 1azGt one
driving, the correction 25 information of grating pitch in which the
fl atness of thfasuAERent Peakeren e coowslialeratd on is used as the
information on flatness of the scale, and the novable body is driven
in the predetern fFedFIERTION PISEE T AThEBHIENT oM g viFroyaas iadh the

and the neasurenent val ue of the encoder. 165 . The novabl e body
drive nethod % g & &R e Obir W H Pt Rgfbe Q?e‘?/bﬁm?lrae‘? Pt he

process of measuring and driving, the novable body 5 is driven in
the predeterm ned direction further based on

10 5. The movable body drive method according to Claim 4,
wherein

in the peculiar point detection process, the peculiar

point is detected for each of a plurality of measurement points

that are set at a predetermined distance along the

15 predetermined direction on the scale,

6. The movable body drive method according to one of

Claims 4 and 5, wherein
in the peculiar point detection process, by changing an
20 attitude of the movable body to a plurality of different
attitudes, moving the movable body in a predetermined stroke
range in a direction orthogonal to the predetermined plane
while irradiating a detection light from a head of the encoder
to a subject measurement point on the scale in a state where
25 the attitude of the movable body is maintained and performing
sampling of measurement results of the encoder during the
movement with respect to each of the attitudes, and performing
a predetermined computation based on results of the sampling,

an error characteristic curve of the encoder at the subject



correction information in accordance with position information of

t he novabl e body in a direction different from the predeterm ned
direction at the tinme of neasurenent by the encoder. 10 10. A
novabl e body drive nmethod in which a novable body is driven within a
nmovi ng pl ane including first and second l&kes that are orthogonal to
each other, the method including: a first noving process of noving

the novable body in a 15 direction parallel to the first axis, based
on a measure %%/Su’{/%ﬂl%t @P%q??ﬁcq%ﬁﬁhﬁ?&pPﬁéFl%%FE§ movable

posion I TRLARUHER, 8 chhe MRV oc, .l echion ok allslah .

t he second axiS by i1rradiating a

surface arranged; O.d hﬁ@%ﬁé@%ﬁ kg szghgfgfﬁfgff9§o¥§i%§f&fr&t

second i nterferoneter at neadsures position 1 nfornation

novabl e body d#t B @iég£ctimn aPaltdLiedOiddOdiito®d SSAYrality of the
irradiating a neasurenent beam to a reflection surface arranged on

t he novabbe baxdyor ahareesss ioft idecudiveg COrdeoimed asntaenpétODi®f point
grating 25 pitch of a scale that is sequentially placed facing a

head unit actordismgpul)edic mevemeenenf pdintovabl e body in the first
novi ng process, based on a neasurenent val ue of the second
interferonmeter, a neasurenent value of an encoder and information on
flatness of the scal e, .the h%§§1u it 166, constjtuyting the encoder

that measures posi ti-or 3 fE eogOdﬁfdfﬁgenE§5bP %689r?hn% to any one
direction parallel_to t i xst .axi s, based on a nmeasurenent val ue of
a head t hat fcgécecglatjf'ungs stgglf%a éf’ar"‘F a%%%ldq on the novabl e body having a

grating ip a S predef ehdl AsfbRLd o Y, AL LAYEHLA drSchl%cate
is computed using position information of the movable body
in a direction orthogonal to the predetermined plane at the

peculiar point.

15 8. The movable body drive method according to any one
of Claims 1 to 7, further including:

a process of computing correction information of grating
pitch of the scale in which the flatness of the scale is taken
into consideration, based on a measurement value of the encoder

20 that measures position information of the movable body in the
predetermined direction and the flatness of the scale, while
moving the movable body in the predetermined direction,
wherein

in the process of measuring and driving, the correction

25 information of grating pitch in which the flatness of the scale
is taken into consideration is used as the information on
flatness of the scale, and the movable body is driven in the
predetermined direction based on the correction information

and the measurement value of the encoder.



parallel to the first axis, and including a plurality of the heads
that are placed at a predeterm ned distance along a direction
parallel to the second axis; and a process of driving the novable
body in a direction 10 parallel to the first axis, while correcting
a nmeasurenent val ue obtained fromthe héd&d unit based on the
correction information of grating pitch. 11. The novabl e body drive
nmet hod according to Caim10, 15 further including: a second noving
process of noving the novable body in a direction parallel to the

second axi s based measur n val.ue_ of t econd_ ..

i nterferoneter andqg ﬁ%ﬁ%ﬁFg'%ﬁgabgpﬁédréyetﬂ%ggPas?C?ﬁfgf?%rEﬁmﬁQﬁ;One
and 20 a pro S of 1.ebtain ion information of grating warp
of the scaIeQ§§ sté?%gfﬁgg?pg’ggg%gggéng measur enent val ues obt ai ned

fromplural heads, MhtgE HRRWEMIAIM nPARE e iGN HDRC%EBNE body
according to the novenent of the novable body in the second noving

process, 6ut iof diheveah uinal thy p2bdetethénbdads rewhereal Murthidie based on
process of driving, the novable body is driven in a direction

paral l el to tderfegstoraxi 4 nieirinetdonr ecinng acgore@sureenewtthial yesition
obtained fromthe head unit based on the correction information of
grating pitchEfriae epofethedirvayie betor Hatd eareftgrat dhffanept from
12. A pattern . formation nethaod, , including: process_of nounting an

obj ect on a BF&%%&WHH&P S5TESRLRBVE FPEnT e HoleRG UpFRRET Bndhe
a process Of‘Héé@é@ t he novabl e body using the novable body drive

nmet hod accoré?ng 0 any one of Clains 1 to 11 in

10
10. A movable body drive method in which a movable body
is driven within a moving plane including first and second
axes that are orthogonal to each other, the method including:
a first moving process of moving the movable body in a
15 direction parallel to the first axis, based on a measurement
value of a first interferometer that measures position
information of the movable body in a direction parallel to
the second axis by irradiating a measurement beam to a
reflection surface arranged on the movable body, and a
20 measurement value of a second interferometer that measures
position information of the movable body in a direction
parallel to the first axis by irradiating a measurement beam
to a reflection surface arranged on the movable body;
a process of deciding correction information of grating
25 pitch of a scale that is sequentially placed facing a head
unit according to the movement of the movable body in the first
moving process, based on a measurement value of the second
interferometer, a measurement value of an encoder and

information on flatness of the scale, the head unit



order to forma pattern on the object. 10 13. A device manufacturing
met hod including a pattern formation process, wherein in the pattern
formation process, a pattern is forned on a substrate using the
pattern formati on nethod according to Claim112. 15 14. An exposure
method in which a pattern is fornmed on dméobject by irradiation of
an energy beam the method including: driving a novable body on

whi ch th bj ect ted, 20 i ng.the novabl e body drive rret hod
accor di nS to %%%ﬁ%ﬁ%@ﬁg %q}ﬁ r?gl%%feg %ilatr BR2FEFSPi RS hbveheht i Ofma Heon
ener beam th t. gee net ho

obj eg%/ is eX|ca)tgc])fsiéC evm%to%gjog% 23 ner gy g l?ﬁepan%?ﬂ]o%f tr?cltﬁ'& fa\brSt axis
nounting the ;0D &¢t, PN Gdm \{.\Q%H?en@%él a%fcgn ggéﬁeﬁflgt Alel€aSle scale

first and second directions t are ort ogona

predet er m neds Pangsd anch dring Nendvize 180vVakle badyiwgt hin cgbgtlng in a
predeterm ned plane, 168 based on neasurenent information of an

encoder s¥st egmedevdmminedpe teh whgsatpbarg cidet dOneabdon eadeuhifedtSion
arranged on a surface of the novable body on which the object is

mount ed and tdRrabidkertofthehéigsat angs sed dmcdndlige ehpadrahityi of the
arranged 5 facing the surface_ of the novabl e body and whi ch nmeasures
position inf é?eh%ﬁgﬁ oF3F 2HR RHIEBHeabody PRHRILS HiHEed) EEraTR Mg 2

pl ane, and based on |nfor on flatness of the grating section.
0716, The oxtboeai oL Hors AR Mo o righS oF S AL e
a process of driving the movable body in a direction
10 parallel to the first axis, while correcting a measurement
value obtained from the head unit based on the correction

information of grating pitch.

11. The movable body drive method according to Claim 10,
15 further including:
a second moving process of moving the movable body in
a direction paraillel to the second axis based on a measurement
value of the second interferometer and a measurement value
of the first interferometer; and
20 a process of obtaining correction information of grating
warp of the scale by statistically processing measurement
values obtained from plural heads, which are sequentially
placed facing the scale according to the movement of the
movable body in the second moving process, out of the plurality
25 of the heads; wherein
in the process of driving, the movable body is driwven
in a direction parallel to the first axis while correcting
a measurement value obtained from the head unit based on the

correction information of grating pitch and the correction



t he novabl e body is driven al so based on information on a formation
error of the grating section. 17. The exposure nethod according to
one of Clains 15 15 and 16, wherein the novable body is driven also
based on position information of the novable body in a direction
different from the first and second dirééfions. 20 18. The exposure
met hod according to any one of Clains 15 to 17, wherein the novable
body is driven al so based on inclJination information of the novable
body with re ?rT?F%?ﬂaOé§%ﬁﬁﬁ%ﬂ?ﬁ%ﬂﬁpplane. 25 19. The exposure
met hod according to any one of Clains 15 to 18, wherein the novabl e
body is driven al so based on characteristic information of the head

unit that is a fact j %ﬁai &ﬁﬁgﬂg err. : e encoder
system 20. An expg%ﬁrggﬁg#ﬂ%ﬁﬁin anﬁﬂgﬁ 0 jeé% fgggfg%gid with an
energy beam the ngf hedderel Uei Hgundi AHUY idg dde opbhesbvaple wayRhift
body that can nove in at least first and second directions that are
ort hogonab widdn mowee prigdetreran e i agiesneandarednt rol [ ing a position

of the novable body within the predeterm ned plane so that a

measur enent error & papceascderdrindingyshemovabiilelyoneiof vhegmatviaig e
section and a head unit is arranged on a surface of the novable body
on whi ch t he Jssfedrivie neglmce@cand i dchapyopnehef gfbhaing Lele? ibh in

and the head wupit is arranged facing the surface of the novabl e bod
and order to f%rm éJpatterng%n é%e object. y

10 13. A device manufacturing method including a pattern
formation process, wherein
in the pattern formation process, a pattern is formed
on a substrate using the pattern formation method according
to Claim 12.
15
14. An exposure method in which a pattern is formed on
an object by irradiation of an energy beam, the method
including:
driving a movable body on which the object is mounted,
20 using the movable body drive method according to any one of
Claims 1 to 11, for relative movement of the energy beam and

the object.

15. An exposure method in which an object is exposed with
25 an energy beam, the method including:
mounting the object on a movable body that can move in
at least first and second directions that are orthogonal within
a predetermined plane; and

driving the movable body within the predetermined plane,



whi ch measures position information of the novable body within 15 the
predeterm ned plane, is conpensated, based on nmeasurenent

informati on of the encoder system and correction information in
accordance with characteristic infornmation of the grating section
and the head unit. 20 21. The exposure métHBod according to C ai m 20,
wherein the correction information is set in accordance with

iti infarmat L on of _the novahl e body.in a_directiqn different
from the fireot>and CRdREATIHPPERT FoROITaE 159 ST1AD SREBLGT & Tban which

according t 0 &rﬂ?o‘ffa thﬁggsgecﬁ%qd %ﬁd amg{lgiu&itthfs ! %1% teid.ogn aoﬁuri%aece

information is set 1 n acco nce W Inclination i nformati on

movabl e body ¥ tnd espeal1d %odyh%rprv%ﬁeé}?rﬂﬂ@ec%%@@eis H&%@é’a ¥ the

exposure method according to any one of C alns 0to 22, erein the
char act eri st igthedt asfregh@ngiaici niglese d et Mtd Gh®medd fldtiness andrfed
on a formation error of the grating section. 24. The exposure nethod
accordi ng5t o ftayimnetind Ghafase 20 the2Bpvabérebpndyhanchardcitemeisures
information includes information on 10 optical characteristics of

t he head uni tROPEE1h elporimat it hoof i thvthi gioeablob) detdy s veiXpuiged the
with an ener eam the nethod including: nmounting the object on a
novabl e body SRR Aleneysaaf Pased 9n AdfogAgtdedonr flatness of

di rections thca}j}e are to.rt ho%or%ll within a predeterm ned plane; and
control ling a position bf°tHe Hbvabl e body within the predetermn ned
pl ane, based on neasurenent information of an

10 16. The exposure method according to Claim 15, wherein
the movable body is driven also based on information on

a formation error of the grating section.

17. The exposure method according to one of Claims 15

15 . and 16, wherein
the movable body is driven also based on position
information of the movable body in a direction different from

the first and second directions.

20 18. The exposure method according to any one of Claims
15 to 17, wherein
the movable body is driven also based on inclination
information of the movable body with respect to the
predetermined plane.
25
19. The exposure method according to any one of Claims
15 to 18, wherein
the movable body is driven also based on characteristic

information of the head unit that is a factor causing a



encoder systemin which one of a grating section and a head 20 unit
is arranged on a surface of the novable body on which the object is
nounted and the other of the grating section and the head unit is
arranged facing the surface of the novable body and whi ch neasures
position informati on of the novabl e body6®ithin the predeterm ned
pl ane, and based on correction 25 information to conpensate a
measurenent error of the encoder stemthat occurs due to fl atness

of the gratinFEBETEHT PecOoTHel XFosthe et Hoff Gtording to O ai m

25, wherein by the correction information, a neasurenent error of
171 the encoder systemthat occurs due to a formation error of the

grating section iS2@.S@nQﬁﬁﬁﬁﬂﬁ§§ﬁgthgadehﬁi@ﬁ%ﬁﬁgﬁ?eHEHHPprosedwﬂith

according to one of Clains 25 5 and 26, wherei he correction

i nformation, n reastyemunerts thdde eimedeig system that occurs
due to a displacenent of the novable body in a different direction

fromthe birst andmsegdnchg diheeobijens ¢s alnsoradrpénsiyt edat16z228noAn in
exposure nmethod in which an object is exposed with an energy beam

t he nmet hod i gt LERAG:TimAMand§adendod} et bona thetabi e obblyophatl widhin
nove in at least first and _second directions that are orthogonal
within 15 a prRASTTHHaE PR e arEontrol ling a position of the
novabl e body within t

.edet i_ned pl based ment
nformati o of an SRCGAA S CoRCPI KRR HBSOTORABI SUTSY Ecttigh the

P02 129, Uikl AR 0. U200l LB BV S % DO B
10 system, in which one of a grating section and a head unit is
arranged on a surface of the movable body on which the object

is mounted and the other of the grating section and the head

unit is arranged facing the surface of the movable body and

which measures position information of the movable body within

15 the predetermined plane, is compensated, based on measurement
information of the encoder system and correction information

in accordance with characteristic information of the grating

section and the head unit.

20 21. The exposure method according to Claim 20, wherein
the correction information is set in accordance with
position information of the movable body in a direction

different from the first and second directions.

25 22. The exposure method according to one of Claims 20
and 21, wherein

the correction information is set in accordance with

inclination information of the movable body with respect to

the predetermined plane.



and the head unit is arranged facing the surface of the novable body
and whi ch nmeasures position information of the novable body wthin
the predeterm ned pl ane, and based on correction information to
conpensate a neasurenent error of the encoder 25 systemthat occurs
due to the grating section and a displacdéfent of the novable body in
a different direction from the first and second directions. 29. The
exposure nethod according to one of Clains 27 172 and 28, wherein
the different direction includes at |east one of a direction

ort hogonal to the d ! | _an r Lon_ direction arau .
an axi s orthogonalp%%’?ﬂggg%ggg%gfhpggaggl%%g%r l%%duééyéigpfoﬁg Efaims
direction aropfd.gnyaxignpaeahlel to the predetermned plane. 30.

The exposure nethod according to any one of Clains 25 to 29, wherein

10 by the correcti othé Rfh@rERideon st NRASYEREENbN IO s 1hie rRREIEE on
system that occurs due to inclination of the novable body with

respect toé thElpredss ermd ed gl anformatlien exompersahedgribiid. sédetion.
exposure nmethod in which an object is exposed with an energy beam

t he nethod including: nmounting the object on a novabl e body that can
move in at least first and second directions that are orthogonal !
within a predetermhedis &¥@osHdcalnsbhedna¢perdied i RNYespecpitGlaims
20 the predeti n%neg pl ane; and controlling a position of the novable
body within t Predet HFREY pl ane, based on measur enment

| nfor mation of an 4ceAshA¥ILITR MEEIOPERT: 1A B8 28265 8n on

and a head
10 optical characteristics of the head unit.

25. An exposure method in which an object is exposed with
an energy beam, the method including:
mounting the object on a movable body that can move in
15 at least first and second directions that are orthogonal within
a predetermined plane; and
controlling a position of the movable body within the
predetermined plane, based on measurement information of an
encoder system in which one of a grating section and a head
20 unit is arranged on a surface of the movable body on which
the object is mounted and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable
body within the predetermined plane, and based on correction
25 information to compensate a measurement error of the encoder

system that occurs due to flatness of the grating section.

26. The exposure method according to Claim 25, wherein

by the correction information, a measurement error of



unit is arranged on a surface of the novable body on which 25 the
object is nounted and the other of the grating section and the head
unit is arranged facing the surface of the novable body and which
measures position information of the novable body within the

predet ermi ned pl ane, and based on correctli’dn information to
conpensate a neasurenent error of the encoder 173 systemthat occurs

due to the grating section and inclination f the novabl e pbody. 32.
The exposure'ﬂ% H%ac%ﬁ%ﬁrﬁYﬁberg%$§ e ot %9%1%% a forngigley error of

wherein by t o) i on_j I on ne rement error of * the
encoder syst2§Q%h %5%%% r%ééﬁégéfﬁ?réﬁﬁéa%Pﬁﬁﬁﬁs?%e l1so conpensat ed.
10 33. An exposure nethod in which an object is exposed with an

energy beam the nethod including: nounting the object on a novable

body that can nove . e legsisude Sletditd seeonrdidy est bARScEhAla BhE 25
orthogonal within a predeterm ned plane; and 15 controlling a

position &f tdrd @¥ablleeboily within the predeterm ned plane, based

on neasurenent information of an encoder systemin which one of a
grating section andw theagonpsiatiion dnfamgedion,aasmefageenént herror of
novabl e body on which the object is nmounted and the other of the
grating secti'di ZNREE Yy e thaitt ocsvasr dHgelof acihgptaecBert sk the

O e Tovable AREY B ek Spasures ooy on oL on of Uhe.
| LOTTRUL T 8 SOENSALE, 5 IERSURIBILEL 7 of e encoder - system
10
28. An exposure method in which an object is exposed with
an energy beam, the method including:
mounting the cbject on a movable body that can move in
at least first and second directions that are orthogonal within
15 a predetermined plane; and
controlling a position of the movable body within the
predetermined plane, based on measurement information of an
encoder system in which one of a grating section and a head
unit is arranged on a surface of the movable body on which
20 the object is mounted and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable
body within the predetermined plane, and based on correction
information to compensate a measurement error of the encoder
25 system that occurs due to the grating section and a

displacement of the movable body in a different direction from

the first and second directions.

29. The exposure method according to one of Claims 27



34. The exposure nethod according to one of Clains 32 and 33,
wherein by the correction information, a nmeasurenent error of 174

t he encoder systemthat occurs due to at |east optica
characteristics of the head unit is conpensated. 35. The exposure
met hod according to any one of Clains 5128 to 34, wherein by the
correction information, a nmeasurenent error of the encoder system
t hat occurs dgg t 8at | east _a formation error. of the grating
section is c&ﬁﬁ%n até%?eE%F%G. The exposure nethod according to any

one of Clalms 20 tg, 35, wherehp LGRS QRALJUY OLei Lo, OboLhge ,

encoder systemor a target position at € nova Y IS

positioned | sii £o5¢ £64 &-thaspch 0N 1N heOpeakt @Pmk AEAr FREAAN. o 13 i on
The exposure nethod according to any one of Clainse 20 to 31, wherein

the obj ect i sdiexposish by olhe enakdy detaydes Btiaske paddetvRAnkA® lane,
exposure is perforned, a position of the mask is 20 controlled based
on the cofredcndnai nfoderrtcrond soe¢thiatn t Aeonedsemenents epapallsl to the
conpensat ed, while driving the novable body based on the neasurenent

i nformati on cIredri e pkygem 25 38. The exposure nethod
according to any one of Clainms 15 to 37, wherein the grating section
is arranged extending in the first direction as a |ongitudinal

direction, the head,unit has a plurality of heads placed at .
di ff er ent positiongxﬁn eeégggng meLhog accoréﬁngr%o any one of Claims

25 to 29, wherein

10 by the correction information, a measurement error of
the encoder system that occurs due to inclination of the
movable body with respect to the predetermined plane is also

compensated.

15 31. An exposure method in which an object is exposed with
an energy beam, the method including:
mounting the object on a movable body that can move in
at least first and second directions that are orthogonal within
a predetermined plane and alsoc can incline with respect to
20 the predetermined plane; and
controlliing a position of the movablie body within the
predetermined plane, based on measurement information of an
encoder system in which one of a grating section and a head
unit is arranged on a surface of the movable body on which
25 the object is mounted and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable
body within the predetermined piane, and based on correction

information to compensate a measurement error of the encoder



175 direction, and position information of the novable body is
nmeasured by a head that faces the grating section out of the
plurality of heads. 5 39. The exposure nethod according to any one of
Clainms 15 to 38, wherein the grating section'is arranged on a
surface of novable body, and the head udii8 is arranged facing the
surface of .the novable body. 10 40. The exposure nethod according to
any one of C ains wherein by further using a neasurenent

to 39, 1 ! .
system t hat r@’assﬁﬁ%ﬁlaﬁggf:ﬂlﬁﬁ U SCnBR T St hESrbvaR @R BodiF et ion

third directi DQQ? o the predeterm ned plane by a sensor
that faces tﬁgpggé$fﬁ%&sec p%%j ut of a plurality of sensors placed

on the sane side as the head unit, a position of the novabl e body
inthe third direction is controlled based on nmeasurenent

information of the 3aTheERAbsEYSIREXh3D Mool EXROSUKCORBIHOR 1aims
according to C aim40, wherein the neasurenent system neasures

position Bnf &aretad a3l nwhddeii hird direction and inclination
information of the novable body by a plurality of sensors that face
the grating secti oy t2% 42rrensiexpbdsfivematihod acversiingment arraf of
Cains 40 and 41, wherein out of position information of the novabl e
body in diré&dl§ SRSCHBIe LISy F&Y édatoPCcrbEsdoRe pBstheorerdfBriatinmlso

176 compensated.

10 33. An exposure method in which an object is exposed with
an energy beam, the method including:
mounting the object on a movable body that can move in
at least first and second directions that are orthogonal within
a predetermined plane; and
15 controlling a position of the movable body within the
predetermined plane, based on measurement information of an
encoder system in which one of & grating section and a head
unit is arranged on a surface of the movable body on which
the object is mounted and the other of the grating section
20 and the head unit i1s arranged facing the surface of the movable
body and which measures position information of the movable
body within the predetermined plane, and based on correction
information to compensate a measurement error of the encoder
system that occurs due to the grating section and the head

25 unit,

34. The exposure method according to one of Claims 32
and 33, wherein

by the correction information, a measurement error of



in directions of three degrees of freedomincluding the first
direction, the second direction and a rotation direction wthin the
predeterm ned plane is neasured by the encoder system and position
information in directions of the 5 remaining three degrees of freedom
is measured by the neasurenent system 4324 The exposure nethod
according to Claim42, wherein a position of the novabl e body at

| east wh forni 10 tion | trolled based
on the neasured pSEITIGA WUt FORCi M PeCtTBRs 161 31 x Ld8gFedd proal
freedom —44...e, oxpos fcgeéf‘%eﬁ%&éc?' 'Eoi@“é/or%&d&{%%.a'“ 40

to 43, wherein 15 in addition to the encoder system-an

nmeasurenment system a position nmeasurenent device that neasures
position information of the object in the third direction is further
used in a neasurensH. gper akboBuk HeHAE & POStdiran td BhYr BR& I ®A Afaims
the object. 20 45. The exposure nethod according to any one of C ains
40 to 44, Swhet®itp thk effoadein system and a mark detection systemt hat
detects a mark on the object are used in a detection operation 25 of
the mark. 46. The &pédsr 6oxEeRsdcacéBidrngtionany BeesSwiergal mrras of
to 45, mherekﬂﬁhin order to drive the novabl e body, the neasurenent

177 i nfor mat BICIRF TR At SATEUSEE 159 &t HFfsdurde formation
operation and egsu ST M SLIRtion o o IobeLt et er  syste
10 36. The exposure method according to any one of Claims
20 to 35, wherein
the measurement information of the encoder system or a
target position at which the movable body is positioned is
corrected based on the correction information.
15
37. The exposure methed according to any one of Claims
20 to 31, wherein
the object is exposed by the energy beam via a mask, and
when the exposure is performed, a position of the mask is
20 controlled based cn the correction information so that the
measurement error is compensated, while driving the movable
body based on the measurement information of the encoder

system.

25 38. The exposure method according to any one of Claims
15 to 37, wherein

the grating section is arranged extending in the first

direction as a longitudinal direction, the head unit has a

plurality of heads placed at different positions in the second



in at least the first and second directions is used in an 5 operation
different fromthe exposure operation. 47. The exposure nethod
according to Cl aim46, wherein the neasurenent information of the
encoder systemis wused in a detection operation of the mark and/ or
surface 10 position information of the dBpect. 48. The exposure

met hod according to one of Clains 46 and 47, wherein at |east part

of the measurepent. information of. the, 15 interfer ter systemis .
Used 0 the DOt Lo0parat [ GTEEt it IR ORI te T Hud T S TGy s
object is ex i (] t 1 ncl uding:. nt i

t he obj ect oﬂ{?éaggrr%%\%%Irbf%og%gflhg%lgggﬁé%%%gkl{gﬁ d}%%lélt%crsgglg?%ﬁ gg? Cté%dngje
second directpomsathay &f enofdhogonal within a predeterm ned plane;
prepari ng an encoder systemin which one of a grating section and a
head unit is arranged on a surface of the novable body on which the
object is nounted and the other of the grating 25 section and the

head unit 5is arranged ffae rgpbbhersunétibeddccehdimpuablkaybody afidclaims
whi ch nmeasures position information of the novable body within the
predet er ni ned. plehe38arhereinnt erferoneter systemthat measures
position information of the novable body in at |east the first and
second directions; IrghddetF At he" ot PECENERY PR Gt FEEILaFSUSEdNA b Le
conpensate a, r_of_the_encoder stem.in the first

direction thaﬁ%ﬁ%&f&ﬁtﬁeﬁ%% ot it Fjo’ﬁaﬁg?grg%‘?“%%éth&r gHrfgee of the

section, 5 bagadon, rement information of the encoder system and
the interferoneter syst obt ai ned by novi ng the novabl e body
10

40. The exposure method according to any one of Claims
15 to 39, wherein
by further using a measurement system that measures
position information of the movable body in a third direction
15 orthogonal to the predetermined plane by a sensor that faces
the grating section out of a plurality of sensors placed on
the same side as the head unit, a position of the movable body
in the third direction is controlled based on measurement

information of the measurement system.

20
41, The exposure method according to Claim 40, wherein
the measurement systemmeasures position information in
the third direction and inclination information of the movable
body by a plurality of sensors that face the grating section.

25

42. The exposure method according to one of Claims 40
and 41, wherein
out of position information of the movable body in

directions of six degrees of freedom, position information



inthe first direction and based on information on flatness of the
grating section, and controlling a position of the novable body in
the first direction based on the neasurenent 10 information of the
encoder system and the correction infornmation. 50. A device

manuf acturing method including a |ithogid@phy process, wherein 15 in
the lithography process, a sensitive object is exposed and a pattern

is f d t he,. it j.ect [ th t hod .
according Lo dhyiane dPne af duihes FE9Rgesset X HUIbRE DYty ar Fhe First
SySte”‘th?t i%@%%fbﬁPV@QQese%%ngo%&ﬁ%gFﬁ&H“éﬁﬁ'¥ %BQQQ%%F direction
predet er mi ned pl ane, the system conprising:. an encoder that has a

head that irnadiptes:ide dﬁf@&é%@ﬂniﬁé&hf}l&ﬁeai§CﬁE§sﬂ§\éBn%tyﬁitgfeaté der

whose periodic direction iIs a predetermned direction w n a plane

parallel to thestm,predet eppsnedopl anerantht £6ei vies aiketkeehed bighthe
fromthe scale, and neasures position information of the novable

body in bhe mamedietiergn nededi réettoas arfd drdedor devi oeatskateddrbyeshe
t he novabl e body in the predeterm ned direction based on a

measur ement gafpisgmarHe siyEtLerencoder and i nformation on flatness of
the scale. 52. The novabl e body drive system according to C aim51
wherein 5 the scale is placed on a surface of the novabl e body that

i's substantiall Ilel to th det erni ned plane, and, the head .
|+ placed outsi e (e RO7aBrECDORY G0t des A5 5E ThSah Skl GL6HMY det A D
scale. 10 53. The npyghke;BRdyr IH GoFUBLEMAGE Y9 Bt AR AIHB A rming

10 an exposure operaticn is controlled based on the measured

position information in directions of six degrees of freedom.

44, The exposure method according to any one of Claims
40 to 43, wherein
i5 in addition to the encoder system and the measurement
system, a position measurement device that measures position
information of the object in the third direction is further
used in a measurement operation of surface position
information of the object.
20
45. The exposure method according to any one of Claims
40 to 44, wherein
the encoder system and a mark detection system that
detects a mark on the object are used in a detection operation

25 of the mark.

46, The exposure method according to any one of Claims
15 to 45, wherein:

in order to drive the movable body, the measurement



further conprising: a processing device that detects a peculiar point
at  which a neasurenent error of the encoder is zero regardl ess of
an inclination angle of the novable body with respect to 15 the
predeterm ned plane, for at |east one neasurenent point on the
scal e, and conputes unevenness of the scal’é using a detection result
of the peculiar point. 54. The novabl e body drive system according to

o for SapshEADy oh e R 2680 DA GV SFe S o8 SubD8 RS A Unpogure

poi nt for i £y of ITSasur €

a predeter m&@é’ré"& RANGRY JhONG, £ fife F efdet Sr il ned, di £ egl i gn. efcﬂr?eter

scale. 25 55 novabl e body drive system according to one

Clai s 53 andspdsemte=ei fehBErBE QRS th qg\fb‘iﬁ@@@bﬁ'c5‘:§th@’m69§ﬁgé%dy
an attitude of the novable body to a plurality of different

attitudes, 18 abpviegstheheviabke hadyserocadpugdeterirmnsed sStuseke in an
range in a direction orthogonal to the predeterm ned plane while

i rradiati Rg eRRaEtteorlffhrett ofren Hezd efpeserenpodertion. a

subj ect neasurenment point on the scale in a state where the 5

attitude of the novable body is maintained and perform ng sanpling

of measurenent resul gﬁthe encoder _during the nove

respect to each of 4°[h‘e ?fiﬂag‘érearﬁ% CIhet feraR T % Tor & @%@r‘ﬁénéfﬂ‘ereln

conputation based qn
characteristic curve o lgnstelJS]‘ﬁee(r?lr_I:eo er'a %tl%rbj ctt%erﬂs ferfpcen is
poi nt in accqrdance, Wyt hed Resih éﬁéé{?ﬁg@?aéﬁg ﬁgggyah@/%r surface

direction orthogonal to the predetérm ne | ane
10 position information of the object.

48. The exposure method according to one of Claims 46
and 47, wherein
at least part of the measurement information of the

15 interferometer system is used in the exposure operation.

49. An exposure method in which an object is exposed with
an energy beam, the method including:
nounting the object on a movable body that can move in
20 at least first and second directions that are orthogonal within
a predetermined plane;
preparing an encoder system in which one of a grating
section and a head unit is arranged on a surface of the movable
body on which the object is mounted and the other of the grating
25 section and the head unit is arranged facing the surface of
the movable body and which measures position information of
the movable body within the predetermined plane, and an
interferometer system that measures position information of

the moveble body in at least the first and second directions;



respect to each of the plurality of different attitudes, and assunes
an intersecting point of a plurality of the error characteristic
curves as the peculiar point at the subject 15 neasurenent point.

56. The novabl e body drive system according to any one of Cains 53
to 55, wherein the processing device congifes the unevenness of the
20 scal e using position information of the novable body in a
direction ortgggonal to the predeterm ned plane at the peculiar

poi nt. 57. The novabl e body drive system according to one of 25

Clainms 51 and 52, f her I Sidngs., a mﬂ9§§1¥ﬁﬁ§ V]

t hat nmeasures fl at n%gsélr%ngct e l}st:“‘(s;éa geb.n ?é%%e v ab eé{%%@d%rﬂ%eeﬂscaete =
System accor dhdisd ferdéiyt @reolkdds tofe Lhabddr Bl dtQemPin MELFELBtasirection
correction information in accordance with thé flatness of the scale,
the drive devilcet ugesucoHueCtboa ot e rdf ofr ahengrPt i€y ddction,
which the flatness is taken 5 into consideration, and drives the

movabl e bédy %asadeon presiauesme e dinf omcd § o bals etherendreleorsyedtdmrand
information of grating pitch and a neasurenent value of the encoder.
59. The novabt® Bogerderemedpst svebel sidiaigrad baiovirg the Bevebiehedy

51 to 58, wherein the drive devi.ce drives the novable body in the
predeterninedlhﬁggﬁ i o GERET L5Rs 88Y0R2EBFr 8Bt FBROTIAF by Prelt dntatess

accordance wi i tion.inf tion of .the _nmovable body i.n.a
di rection dif%gf@ﬁf %#%ﬁ%#ﬁegéggﬁg?érﬁpﬂe&onfgoéﬁﬁggtFo % & Qe
of measuremenfoPh IS RALANCEhe First direction based on the measurement

10 information of the encoder system and the correction

information.

50. A device manufacturing method including a
lithography process, wherein

15 in the lithography process, a sensitive object is

exposed and a pattern is formed on the sensitive object using

the exposure method according to any one of Claims 15 to 49.

51. A movable body drive system that drives a movable
20 body substantially along a predetermined plane, the system
comprising:
an encoder that has a head that irradiates a detection
light to a scale having a grating whose periodic direction
is a predetermined direction within a plane parallel to the
25 predetermined plane and receives a reflected light from the
scale, and measures position information of the movable body
in the predetermined direction; and
a drive device that drives the movable body in the

predetermined direction based on a measurement value of the



60. A novabl e body drive systemthat drives a novable body within a
novi ng pl ane including first and second axes that are orthogonal to
each other, the systemconprising: 20 a first interferoneter that
measures position information of the novable body in a direction
parallel to the second axis by irradiatili§ a neasurenent beamto a
reflection surface arranged at the novabl e body; a second
interferoneter that ure osition f or mat of the novabl e
body in a dlr%%??%%rp%? IT%f f%@t%%% ??rg%a€§?§sb?%|$?%d?%?f%
measurenent beamto a reflection surface arranged at the nnvable
body; a scale that has a grating in a predeternined pitch whose

periodic direction ds, andifieedh 00 Heahahl he t3, dthn éb&ékd%g%o égét—u;l 51,

and is placed on the novable body; a"head unit that has a plura

of heads pl acgtewdim predeterm ned distance along a direction

parallel to the second axis, and constitutes, together with the

scal e, an35 encoderthtehatafeassipés cpdson isosurfiboe et tba nofvaliles bodghiteat
body in a direction parallel to the first axis; a decision device

that moves t hes novedianbbrelly marabiebcto othpapredeterningd plane, and
axi s based on a nea urgyent, value of the first interferoneter and a

measur enent val ue df e@ﬁel§eQ%#EP¢rﬁ%§q¥9QﬂH%%ﬁmV§héed@€ﬁ Hee as to be
correction |nfomgi% rat it h of the scale that is
sequentially 6% :géﬁﬁ 1?f%a Tt according to the novenent
based on a nmeasurenent value of the second interferoneter, a
nmeasurenent value of the encoder and infornmation on fl atness of the

Zl(:?legt | 0%5 and a coyrohkafotdRie Bblivesrihe SRR §c08Y1 HhE & claim 52,
further comprising:

a processing device that detects a peculiar point at
which a measurement error of the encoder is zero regardless
of an inclination angle of the movable body with respect to

15 the predetermined plane, for at least one measurement point

on the scale, and computes unevenness of the scale using a

detection result of the peculiar point.

54. The movable body drive system according to Claim 53,
20 wherein
the processing device detects the peculiar point for
each of a plurality of measurement points that are set at a
predetermined distance along the predetermined direction on
the scale.
25
55. The movable body drive system according to one of
Claims 53 and 54, wherein
the processing device obtains, by changing an attitude

of the movable body to a plurality of different attitudes,



parallel to the first axis while correcting a neasurenent val ue
obt ai ned fromthe head unit based on the correction information of
the grating pitch. 20 61. The novabl e body drive system according to
Claim 60, wherein when nmeasuring a pitch between respective gratings
of the scale, the decision device novesighe novable body in a 25
direction parallel to the first axis at a speed at a level in which
short-termvariation in neasurenent values of the second

i nt er f er onet SROERE b ghovakiLe 6200 rhin rﬁm%ewawﬁcﬁ v%t%‘%)’sﬁt grnge in
according to on ns_ 60 a gg furt %r co

arithnetic praOC §|’eﬁé188w°cr2thﬁ9acfn%v VAT ESTBbesT | figne while

direction par qgnﬂ Q§! e surepent e

of the secondfi}l nter%igrlﬁ)ietzlfe an S'Lngﬁzcu%é:?r)gln ggé &%fg}?% QT{I St to
interferonetey ,s@?,%&bhabaareﬁ@h&egémﬁ D hQeTBELOR Of OE8EHRIVMEEL the
of the scale by statistically processing nmeasurenent val ues obtai ned

from plueal dweadsidevnéehtiaeemsegueat bakly ipl acachtfaciddy dde meAd@ming
according to the novenent of the novabl e body, out of the 10
plurality of dwausinghef eneasheedenverdeulte dfi vhe teheoteralur ibgdythe
inadirection parallel to the first axis while correcting a

measur ement VERINEHhWACHeE $poRt tteeched@ fuhhe Aidsiddidss t Aad performing
correction information gratin gltch and the correction

i nformation of PgF tﬁﬁmlil@dv\%?‘ﬁpu%% 19@6&%@ ﬁnfﬁwii%r?fabbﬁr%ﬁ%llngr

conpri si ng: aann%vrq:bgre c%o%c%%rvﬂtcir(]: %?lr%%] e%t the enggct:igg ‘%r:‘l the suQ)j ect
10 measurement point in accordance with a position of the movable

body in a direction orthogonal to the predetermined plane with

respect to each of the plurality of different attitudes, and

assumes an intersecting point of a plurality of the error
characteristic curves as the peculiar point at the subject

15 measurement point.

56. The movable body drive system according to any one
of Claims 53 to 55, wherein
the processing device computes the unevenness of the
20 scale using position information of the movable body in a
direction orthogonal to the predetermined plane at the

peculiar point.

57. The movable body drive system according to one of
25 Claims 51 and 52, further comprising:
a flatness measurement device that measures flatness of

the scale.

58. The movable body drive system according to any one



can nove within a noving plane, holding the object; and 20 the
novabl e body drive system according to any one of Clains 51 to 62
that drives the novable body for pattern formation on the object.

64. An exposure apparatus that forns a pattern on an 25 object by
irradiation of an energy beam the appardgis conprising: a
patterning device that irradiates the energy beamto the object; and
t he novabl e body drjve ste ccording to any one of 184 dains 51
to 62, mhereﬂﬁgd?ﬁW?ﬁﬁ %? the ﬂbV%%ﬁ%? dy on which the object is

nount ed by the nov e Live m | erforned for relatjive
novenment of the enggéycgggﬁfgﬁ “th%xiéf%%tfog 63" ﬁﬁcg%pggﬁFe F1EH® the

apparat us that; SXpasescan (o ecta it hinan Eneray beam LheanRaralys; on

conprising: a novable body that can nove in at |east first and secon

directions t hiatf @07 dhegoRAa thirtdhiol tanpradeherR PRE Plangess s taken
hol di ng the object; an encoder systemin which one of a grating

section afAd imitheadonsitieratdpnangedd odravedr fidoe nbvhbeéemimab) eihodyhe
on which the object is held and the other of the grating section

and t he head rifdelsrmirethgid deiciany belsedsonf fte ofrréet hwvabifodstion
body and whi ch neasures position_information of the novable body
within the prfddd@nitePivtdheandml BeaR Ry celun el dihy eangdrer.
novabl e body within the predeternm ned plane based on neasurenent
information of the encoder systemand information on flatness of the

grating 59. The movable body drive system according to any one

10 of Claims 51 to 58, wherein
the drive device drives the movable body in the
predetermined direction further based on correction
information in accordance with position information of the
movable body in a direction different from the predetermined

15 direction at the time of measurement by the encoder.

60. A movable bedy drive system that drives a movable
body within a moving plane including first and second axes
that are orthogonal to each other, the system comprising:

20 a first interferometer that measures position
information of the movablile body in a direction parallel to
the second axis by irradiating a measurement beam to a
reflection surxface arranged at the movable body;

a second interferometer that measures position

25 information of the movable body in a direction parallel to
the first axis Dby irradiating a measurement beam to a
reflection surface arranged at the movable body:

a scale that has a grating in a predetermined pitch whose

periodic direction is a direction parallel to the first axis,



20 section. 66. The exposure apparatus according to C aim 65,

wherein the novable body is driven also based on information on 25 a
formation error of the grating section. 67. The exposure apparatus
according to one of Clains 65 and 66, wherein the novable body is
driven al so based on position 185 inford8gion of the novable body in
a direction different from the first and second directions. 68. The

exposure apparatus according tg any one of Clains 5 65 to 67,

wherein the ﬁHV%&%aQﬁﬁﬁﬁés rQV% 9ﬂéh9%§§§@%ﬂ]inclination

i nformation of the Vi dy.wit h_respect_to.the redet erm ne

ol ane. 10 69, The. Gxpoat S atp sl Atu0Re Bop ARG LY o} eHeTor G Tt @

65 to 68, Vm%{leédbﬂ&ﬁ-ﬂirﬂ%@b&f?w@%ﬂéei %g{ghg\/%ﬂ J_s?c’pf;érgd?ggallel to. the

characteristic i1nformation o h nit tha actor causing

a neasurenende@ddraffsf hen@nNeOHSE i 6YEEEM tdGe¥HerARi@RPOIN &cale, an
apparatus that exposes an object wwth an energy beam the apparatus

conprising: semowsht ehbodyedhatecpbsimyeniimBdraasin bfridie aodastewudly
directions that are orthogonal within a predeterm ned plane, 20

hol di ng t he obj ectdizgcinodemrslistlema relvhiTirsnexfsa grating
section and a head unit is arranged on a surface of the novabl e body
on which the objed@ decheien afaviae &hREr MoVeshd-fp anPvekechkpdr in a

direction parallel to the first axis based on a measurement
value of the first interferometer and a measurement value of
10 the second interferometer, and decides correction information
of grating pitch of the scale that is sequentially placed
facing the head unit according to the movement based on a
measurement value of the second interferometer, a measurement
value of the encoder and information on flatness of the scale;
15 and
a controller that drives the movable body in a direction
parallel to the first axiswhile correcting a measurement value
obtained from the head unit based on the correction information
of the grating pitch.
20
61. The movable body drive system according to Claim 60,
wherein
when measuring a pitch between respective gratings of
the scale, the decision device moves the movable body in a
25 direction parallel to the first axis at a speed at a level
in which short-term variation in measurement values of the

second interferometer can be ignored.

62. The movable body drive system according to one of



and the head unit is arranged facing the surface of the novable 25
body and whi ch nmeasures position information of the novable body
within the predeterm ned plane; and a controller that controls a
position of the novable body w thin the predeterm ned plane so that
a nmeasurenent error of the encoder syst@#lBis conpensated, based on
measurenent 186 information of the encoder system and correction

arating  secttBRERG E TR ey URTTERE AT Bifosur o appar at us.
according to Caim ; Lel tion. infaor Lon._i i
accordance with poaéotalrcl)\re\,ﬂ?lr?ﬁér%n%??%%g%?%h(ﬁe&%o(%/%gl%gr{ﬁ%nagelsnégg%O‘}a%le

direction digdeyemt 4 romdde di rﬁérﬂ%ﬁqﬁp%éﬂiéﬂ%ﬂ&%&ié%ﬂed Hie 5

exposure apparatus according to one of Clains 70 and 71, wherein the
correction i niexdmtdrdnt S &dud Nc@cconhdangecwhlih i h et f@Bdh&Per and 2
information of the novable body with respect to 15 the predeterm ned
pl ane. 735 Thesaxposwares applaratals tdex ofidigty i eaanfe romes e r ,CaidreobtEins
to 72, wherein the characteristic information includes information on
20 fl atness &R xRCP™ tBERENROACRr raff eFathaggreimgoseditionscalg by
The exposure apparatus according to any one of Clains 70 to 73,
wherein the ATt e PRPSP PRt OnTEABRGEBENEnFBLHEEI G tednegs from

optical chara teris%‘i cs, of the head unit. .75...An_exposure a rat us
that exposes %iu%ﬁﬁ (ﬁgQﬁ,twﬁlch are sequentially ﬁiaced %a01ggathe scale

according to the movement of the movable body, out of the

10 plurality of heads; wherein
the drive device drives the movable body in a direction
parallel to the first axis while correcting a measurement value
cbtained from the head unit based on the correction information
of grating pitch and the correction information of grating

15 warp.

63. A pattern formation apparatus, comprising:
a movable body on which an object is mounted and which
can move within a moving plane, holding the object; and
20 the movable body drive system according to any one of
Claims 51 to 62 that drives the movable body for pattern

formation on the object.

64. An exposure apparatus that forms a pattern on an
25 object by irradiation of an energy beam, the apparatus
comprising:
a patterning device that irradiates the energy beam to
the object; and

the movable body drive system according to any one of



an energy beam the apparatus conprising: a novable body that can
nove in at |east first and second 187 directions that are orthogonal
within a predeterm ned plane, holding the object; an encoder system
in which one of a grating section and a head unit is arranged on a
surface of the novable body on 5 which £Ré& object is held and the
other of the grating section and the head unit is arranged facing the
surface of tﬁﬁu?”%??&ﬁn bo %gg whi ch neasures position information
of the novabl& :%%dy i T ¥ 1 H ?ﬁ%ﬂ%ternined pl ane; and a controller

that control s a POSItin Pl ey BOKARLE RO 10, Ehi Byt B obiccr 1o

pr edet er mi ned pl ane, sed on correctron npensate a

measurenent eiditd BPe:ROCAISEL18YBLAY kAl 0GPk EmdYS tR A AR SFor
of the grating section and based on neasurenent “i nformation of the

encoder syst efal&lS vib . moRhenene) QI ich A Rad 8 W oSS Art Rthd I &4t 75,
wherein by the correction information, a nmeasurenment error of the
encoder s$stemthat occurs due to a formation error of the grating
section is al so conpensated. 20 77. The exposure apparatus accordi ng
to one of O ains -afd BEPORMEEeRAPBYatHe thafeexpores Morekiiewh with
measurenent error of the encoder systemthat occurs due to a

di spl acenent Bt FHFILPSHVatte FRRATH ¥ GIRSHNS rection from
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conprising:  gjrections that are orthogonal within a predetermined plane,
10 holding the object;
an encoder system in which one of a grating section and
a head unit is arranged on a surface of the movable body on
which the object is held and the other of the grating section
and the head unit is arranged facing the surface of the movable
15 Dbody and which measures position information of the movable
body within the predetermined plane; and
a drive device that drives the movable body within the
predetermined plane based on measurement information of the

encoder system and information on flatness of the grating

20 section.

66. The exposure apparatus according to Claim 65,
wherein
the movable body is driven also based on information on

25 a formation error of the grating section.

67. The exposure apparatus according to one of Claims
65 and 66, wherein

the movable body is driven also based on position



188 a novabl e body that can nove in at |least first and second
directions that are orthogonal wthin a predeterm ned plane, holding
the object; an encoder systemin which one of a grating section and

5 a head unit is arranged on a surface of the novabl e body on which
the object is held and the other of the ¢gBating section and the head
unit is arranged facing the surface of the novable body and which

nmeasures position informt] of the vapl e body wi thin the
pr edet er mpnedlrbf%{’ﬁ%?tja% O]‘.gogged‘%‘ﬁqb}ggﬁp%[byhé{’ L GAERGtd o gosfersnt dfrom

the nmovabl e hady - dhi é*@%é%ﬁ%k%f%é@{%@ng'a”e1 based on correction
information to conpensate a neasurenent error of the encoder system

that occurs due to the grating section and a displacenent of the
novabl e body in a different direction from 15 the first and second

directions and basegh onhERAPIRIRNEpph Ab 0L BBIHIF Qg 18 2PRCOILHE Claims
system 79. The exposure apparatus according to one of Clains 77 and

78, wherebn b ttme &l f fvwitedidi rection i ncludes at | east one of a
direction orthogonal to the predeterm ned plane, a rotation

direction around arkfeximpvaitleodmt i dhierqrr edetcerbdsatl @l ane;limmidion
a rotation direction around an axis parallel to the predeterm ned

pl ane. 25 80.17RFISGgur €Tapidcat 9 Vabd6r dPREYt oWaR) oFesPecl aids the
75 to 79, wherein by the correction information, a neasurenent error

of the encod%?agi%%%Wﬁq tPotturs due to inclination of the 189

10 69. The exposure apparatus according to any one of Claims
65 to 68, wherein
the movable body is driven also based on characteristic
information of the head unit that is a factor causing a
measurement error of the encoder system.
15
70. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:
a movable body that can move in at least first and second
directions that are orthogonal within a predetermined plane,
20 holding the object:;
an encoder system in which one of a grating section and
a head unit is arranged on a surface of the movable body on
which the object is held and the other of the grating section
and the head unit is arranged facing the surface of the movable
25 Dbody and which measures position information of the movable
body within the predetermined plane; and
a controller that controls a position of the movable body
within the predetermined plane so that a measurement error

of the encoder system is compensated, based on measurement



novabl e body with respect to the predeterm ned plane is al so
conpensated. 81. An exposure apparatus that exposes an object with 5
an energy beam the apparatus conprising: a novable body that can
nove in at |east first and second directions that are orthogonal
within a predeterm ned plane and also cd®6incline with respect to
the predeterm ned plane, holding the object; 10 an encoder systemin

uhieh e of B SEOkLISCEt 9B S NSE AT BoPHERIOEd PN St son

other of the 4G ei%@thaggaiggs\g?ggtfgii[nférn?a{{l & (A Mt ing

t he surface of the novable "body an nmeasures position

informati on ofcdhEoRNOYRD! €he 19aDQdyn W thin the predeterm ned pl ane;
and a controller that controls a position of the novable body wthin

t he predeterm ned plane, based on correction information to
conpensate a neasurenment error of the encoder systemthat occurs due
to the grating sectilon @hd iexpdsatd oap@fratus hacooraling body caadm 70,
based on neasurenment information of the encoder system 82. The
exposur e appaft@ifsimccording to any one of Clains 75 to 81, wherein
25 by the correction information, a nmeasurenment error of the_encoder
system that occurs Wife SFAHEFIRAIHRINGEIY) d6 S¥npenaterkdase Afith

exposure apparatus. t hat _exposes _an aobject with 190. an epergy beam, .
the apparat us €0 %?%iﬁﬂ?ogm vibl &€ (ﬁkﬁtwgyagiﬁ!ﬁﬂé&ihnagliiﬁﬁCtlon
first and secondee UALCHIGNSALA: ALE A4 NIONM MDD s
pr edet er mi ned pl ane,
10
72. The exposure apparatus according to one of Claims
70 and 71, wherein
the correction information is set in accordance with

inclination information of the movable body with respect to

15 the predetermined plane.

73. The exposure apparatus according to any one of Claims
70 to 72, wherein
the characteristic information includes information on

20 flatness and/or on a formation error of the grating section.

74, The exposure apparatus according to any one of Claims
70 to 73, wherein
the characteristic information includes information on

25 optical characteristics of the head unit.

75. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:

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



hol di ng the object; 5 an encoder systemin which one of a grating
section and a head unit is arranged on a surface of the novabl e body
on which the object is held and the other of the grating section

and the head unit is arranged facing the surface of the novable body
and whi ch neasures position information @87the novable 10 body
within the predeterm ned plane; and a controller that controls a

position of the novabl e _ho within the predeterm ned ane, based
on correcti oanF%?%Jr%? itg"r?q‘jt/filrgo%{é%%%?%ag "ﬁleq-jéllﬂ @n@ﬁ?dng?B?lB?gtﬁeane'
encoder syst : .to the grating section and the head
15 unit and ﬁgg%%ﬂﬁ%'§%§§§?£%%§1 informati on of the encoder system

84. The exposure apRALRALYACEPEEEAT A ARG Bhe D AIIEra82n8N8e88i0n and
wherein 20 by the correction information, a neasurenent error of the

encoder systemhdmd wocurs dueangedl oneastuephteabf tharct&bisSthasSy on
of the head unit is conpensated. 85. The exposure apparatus accordi ng
to any oné ofwidch rihe 26728tt Ds 8k ldvaedethebythde afothectraning section
i nformation, a nmeasurenent error of the encoder systemthat occurs
due to at |ea¥td fhediead usAt &9 maragioechBagiagithy secfaen disthe movable

conpensated. 19 86, The exposure apparatus according to any one of
Cains 70 t&)%fé{ ARt MELT T RE2TRESSr eREATIPR! SPAAFTBRIGE PhetwhdiniErble
ch the vabl e body is positioned

systemor a .t et..posi ti.on at ¥WH .
is 5 corr ectbeogiﬂavéle Th tHe B %%‘?‘?I%Jrf_ “?c?n[%]r%?'i oH®87. The exposure
apparatus according, LQ,2py, 98¢ t?{at%gﬁgfols aposition of the movable body
10 within the predetermined plane, based on correction
information to compensate a measurement error of the encoder

system that occurs due to flatness of the grating section and

based on measurement information of the encoder system.

15 76. The exposure apparatus according to Claim 75,
wherein
by the correction information, a measurement error of
the encoder system that occurs due to a formation error of
the grating section is also compensated.
20
77. The exposure apparatus according to one of Claims
75 and 76, wherein
by the correction information, a measurement error of
the encoder system that occurs due to a displacement of the
25 movable body in a different direction from the first and second

directions is also compensated.

78. An exposure apparatus that exposes an object with

an energy beam, the apparatus comprising:



70 to 81, wherein the object is exposed by the energy beamvia a
mask, and 10 when the exposure is performed, a position of the mask
is controlled based on the correction information so that the
measurenent error is conpensated, while driving the novable body
based on the neasurenent information of t4%8 encoder system 15 88.
The exposure apparatus according to any one of Clains 65 to 87,

wherein the grating. sectiqn js.arranged extending Ln_the_first
direction as a | ongl P&(Yialr?gle %??%(J:Cthiao%ﬂ?af‘ﬁféo%eeéa %hi&faaﬁ rifshgnd second

S

plurality of hepds:pbaced, At dif LEERA o$%§i$i gpg%ggeﬁggﬂggedugé%ne,

direction, and position information o e nova nmeas

by a head thapofaces the gpaLbpg section out of the plurality of
heads. 25 89. The exposure apparatus according to any one of C ains

65 to 88, wherein tdre egrcaidaigsge€knoin ivhiath angedf on g@azuii@eecefion and
novabl e body, and the head unit is arranged facing the surface of

the novabl e ddged 1921t dkx armEmasbsur @ appdeacusfatberdongble langy on
one of Clainms 65 to 89, further conprising: a nmeasurenment system
that neasur esvipbeR tihsh OPirstNasi ild Bnst thReoHpeB o thedgTRALATt $eeEioN

direction ortho al. to the redeterm pned pl ane by a _sensor that
faces the grﬁ?ﬁg%e%??%ﬁn%fsar%%%ﬂ EPFEpgd‘fh%éﬁgéﬁgep@%B& ppvable

ngysf‘get ﬁied?%c??)ét%?dr e‘“!:}l%i gﬁnlﬂlrgés’urvg?serﬁ%isgtalo O§_i11 %%Ra%g.o%hgfng}\/gbr!lgvable
body within the predetermined plane; and

10 a controller that controls a position of the movable body

within the predetermined plane, based on correction

information to compensate a measurement error of the encoder

system that occurs due to the grating section and a

displacement of the movable body in a different direction from

15 the first and second directions and based on measurement

information of the encoder system.

719. The exposure apparatus according to one of Claims
77 and 78, wherein
20 the different direction includes at least one of a
direction orthogonal to the predetermined plane, a rotation
direction around an axis orthogonal to the predetermined plane,
and a rotation direction around an axis parallel to the
predetermined plane.
25
80. The exposure apparatus according to any one of Claims
75 to 79, wherein
by the correction information, a measurement error of

the encoder system that occurs due to inclination of the



10 is controll ed based on neasurenent information of the neasurenent
system 91. The exposure apparatus according to Claim90, wherein 15
t he measurenent system neasures position information in the third
direction and inclination information of the novable body by a
plurality of sensors that face the gratinig9ection. 92. The exposure
apparatus according to one of Claims 20 90 and 91, wherein out of

position informat.ion.of.the novable i.n tions of .

degr ees of freed%?r? 6’05‘%3{ "o RESPREE B% the pdﬁelﬁg%teirgﬁ? ?‘ﬁpgels also
degrees of frggrgg gncluding the first direction, the second
direction and a votation direction 25 within the predeterm ned pl ane

is measured by the encoder system and position information in
directions of the renmaining three degrees of freedomis neasured by

the nmeasurenent systemn Bpostde thpaeuROSULBadPRAPBLES 26 CHHH:ME Wikth
Claim92, wherein a position of the novable body at |east when

perform né aanewp@sgydo@meramh®mp§am$o¢¢mrmw on the neasured
5 position information in directions of six degrees of freedom 94.
The exposure appara%@@Véé’é@r%ﬁdﬁgtﬁ@t@@nWeoin@talﬁﬁst%-nai 88¢d second

further corrpr %rg gom tion nmeasurenent device that neasures
posi tion C# t'n;'a‘?rll Gt B¢ GBjtEegonalt HethANr 8 RIFPeREsHRined plane

reasur eretn[‘eq%%f 3% SRS TSR ERRRE Y ShRpFEnebrTalRRgathe,
position inf q{é’?&ir‘f’é‘ 19[{8 té’@j@@é;ect .
10 an encoder system in which one of a grating section and
a head unit is arranged on a surface of the movable body on
which the object is held and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable
15 Dbody within the predetermined plane; and
a controller that controls a position of the movable body
within the predetermined plane, based on correction
information to compensate a measurement error of the encoder
system that occurs due to the grating section and inclination
20 of the movable body and based on measurement information of

the enceder system.

82. The exposure apparatus according to any one of Claims

75 to 81, wherein
25 by the correction information, a measurement error of
the encoder system that occurs due to the head unit is also

compensated.

83. An exposure apparatus that exposes an object with



15 95. The exposure apparatus according to any one of Clains 90 to
94, further conprising: a mark detection systemthat detects a mark
on the object, wherein the encoder system and the mark detection
systemare used 20 in a detection operation of the mark. 96. The
exposure apparatus according to any one dR0Clains 65 to 95, further
conprising: an interferonmeter systemthat nmeasures position 25
informati on of the nnvagle boq% in at least the first and second

directions, wWHeretw ¥ Bryer T RPRATFHRS oVERT €5 184y, the
neasur enment i nfor rga}nbgﬁpg:;né%&g?]%%dgé ?r%éﬁrteeﬂ:'asc #%g% |1{1ierfsnclgﬁgosseucroend

operation and neasurene "on~ 0 € Tnter

systemis useg; } i di 8 he e :

oper ot on. 8 A e e e oea b b T & B Sy Ggningd plane,
wherein the riessdiegette isbpsamii on of the encoder systemis used in
a detection operation of the mark and/or surface position

informati 6n of the aabeecbdelOsPB8tedhin exiesubacappar gtrus iagcoedt Hgn tand
one of Clainms 96 and 97, wherein at |east part of the measurenent

i nformation of hepsl umitterifse egrergeds pst ensitsfasedof nthdenexglobarieody on
operation. 15 99. An exposure apparatus that exposes an objéect W th

an energy bedfiidthé&hgpphrartisiediihd sPAgtha abvabIal bogyTraatngapction
afrﬁihnaagrLg%%%Fh%ﬁ%%ﬂgﬂgﬁzﬁfg%%ra%b%%ﬁ%égggg%H%}SSL%agéaﬂgggg%kmable
body and which measures position information of the movable
10 body within the predetermined plane; and

a controller that contreols a position of the movable body

within the predetermined plane, based on correction

information to compensate a measurement error of the encoder

system that occurs due to the grating section and the head

15 uniit and based on measurement information of the encoder

system.

84. The exposure apparatus according to one of Claims

82 and 83, wherein
20 by the correction information, a measurement error of
the encoder system that occurs due to at least optical

characteristics of the head unit is compensated.

85. The exposure apparatus according to any one of Claims

25 78 to 84, wherein
by the correction information, a measurement error of
the encoder system that occurs due to at least a formation

error of the grating section 1s compensated.



hol di ng the object; 20 an encoder systemin which one of a grating
section and a head unit is arranged on a surface of the novabl e body
on which the object is held and the other of the grating section
and the head unit is arranged facing the surface of the novable body
and whi ch nmeasures position information 8Plthe novable 25 body
Wi thin the predeterm ned plane; an interferoneter systemthat
measur es position dﬁ]f@{lnﬁti on of the novabl e body in at |east

e

t.h ,
first and second FSHEROUP aPRBNEFOF PGS 9y Pgesone of Clains

correction i jorimtdon used 195 to conpensate a neasurement error of
the encoder systemin’ "Itﬂﬁe ?%‘?st direction that occurs due to a

formation error of :HheQrRtdtEn3eshicPmnaPas80s P HEANARIBN s ysten or a
information of the encoder systemand the interferonmeter system

obt ai ned by Scamyedtngpddher Iwyadt esibody tie therdbIStbstiy ecd ik Aftbned is
based on information on the flatness of the grating section, and
controls a poxitrerted hdeedovmbtles boolyreocide fnfetmati®@cti on based
on the nmeasurenent information of the encoder system and the
correction information.

87. The exposure apparatus according to any one of Claims
70 to 81, wherein
the object is exposed by the energy beam via a mask, and
10 when the exposure 1s performed, a position of the mask is
controlled based on the correction information so that the
measurement error is compensated, while driving the movable
body based on the measurement information of the encoder
system.
15
88. The exposure apparatus according to any one of Claims
65 to 87, wherein
the grating section is arranged extending in the first
direction as a longitudinal direction, the head unit has a
20 plurality of heads placed at different positions in the second
direction, and position information of the movable body is
measured by a head that faces the grating section out of the

plurality of heads.

25 89. The exposure apparatus according to any one of Claims
65 to 88, wherein

the grating section is arranged on a surface of movable

body, and the head unit is arranged facing the surface of the

movable body.
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90. The exposure apparatus according to any one of Claims
65 to 89, further comprising:

a measurement system that measures position information
of the movable body in a third direction orthogonal to the
predetermined plane by a sensor that faces the grating section
out of a plurality of sensors placed on the same side as the
head unit, wherein

a position of the movable body in the third direction
is controlled based on measurement information of the

measurement system.

91. The exposure apparatus according to Claim 90,
wherein

the measurement system measures position information in
the third direction and inclination information of the movable

body by a plurality of sensors that face the grating section.

92. The exposure apparatus according to one of Claims
90 and 91, wherein

out of position information of the movable body in
directions of six degrees of freedom, position information
in directions of three degrees of freedom including the first
direction, the second direction and a rotation direction
within the predetermined plane is measured by the encoder
system, and position information in directions of the
remaining three degrees of freedom is measured by the

measurement system.
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93. The exposure apparatus according to Claim 92,
wherein

a position of the movable body at least when performing
an exposure operation is controlled based on the measured

position information in directions of six degrees of freedom.

94. The exposure apparatus according to any one of Claims
90 to 93, further comprising:

a position measurement device that measures position
information of the object in the third direction, wherein

the encoder system, the measurement system and the
position measurement device are used in a measurement

operation of surface position information of the object.

95. The exposure apparatus according to any one of Claims
90 to 94, fuxther comprising:

amark detection system that detects a mark on the object,
wherein

the encoder system and the mark detection system are used

in a detection operation of the mark.

96. The exposure apparatus according to any one of Claims
65 to 95, further comprising:

an interferometer system that measures position
information of the movable body in at least the first and second
directions, wherein

in order to drive the movable body, the measurement
information of the encoder system is used in an exposure

operation and measurement information of the interferometer



10

15

20

25

194

system is used in an operation different from the exposure

operation.

87. The exposure apparatus according to Claim 96,
wherein

the measurement information of the encoder system is
used in a detection operation of the mark and/or surface

position information of the cbject.

98. The exposure apparatus according to one of Claims
96 and 97, wherein
at least part of the measurement information of the

interferometer system is used in the exposure operation.

99. An exposure apparatus that exposes an object with
an energy beam, the apparatus comprising:

a movable body that can move in at least first and second
directions that are orthogonal within a predetermined plane,
holding the object;

an encoder system in which one of a grating section and
a head unit is arranged on a surface of the movable body on
which the object is held and the other of the grating section
and the head unit is arranged facing the surface of the movable
body and which measures position information of the movable
body within the predetermined plane;

an interferometer system that measures position
information of the movable body in at least the first and second
directions; and

a controller that decilides correction information used
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to compensate a measurement error of the encoder system in
the first direction that occurs due to a formation error of
the grating section, based on measurement information of the
encoder system and the interferometer system obtained by
moving the movable body in the first direction and based on
information on the flatness of the grating section, and
controls a position of the movable body in the first direction
based on the measurement information of the encoder system

and the correction information.



